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PREFACE. 


The  subject  of  the  following-  treatise,  considered  in  all  its  aspects,  is  one  whish 
has  an  important  bearing  on  the  happiness  and  improvement  both  of  Christian  and 
Civil  society.  Impressed  with  a  deep  conviction  of  this  truth,  the  author  intended, 
some  time  ago,  to  address  his  fellow-men  on  the  subject ;  but  other  eng-agements 
prevented  him  from  entering  on  the  consideration  of  the  several  topics  connected 
with  it,  till  about  the  month  of  August  last,  when  a  Prize,  to  be  given  for  the  best 
Essay  on  the  subject,  was  announced  in  some  of  our  religious  periodicals.  Being 
then  engaged  in  conducting  his  work  "  On  the  Mental  Illumination  of  Mankind," 
&c.,  tnrough  the  press,  and  in  various  other  avocations,  he  could  not  find  leisure  to 
finish  the  Essay  within  the  time  prescribed  in  the  advertisement.  It  was,  however, 
sent  some  time  afterwards,  and  returned  unopened,  on  the  ground,  "  that  the  carriage 
and  porterage  of  it  were  not  paid  ;^^  and  had  it  not  been  for  a  particular  circumstance, 
the  package  might  have  been  lost,  as  there  was  no  intimation  on  its  exterior  as  to 
whom  it  should  be  addressed  and  returned.  These  circumstances  the  author  was 
disposed  to  consider  as  little  short  of  an  exemplification  of  Covetousness — the  very 
evil  which  the  Essays  advertised  for  were  intended  to  counteract.  For,  although  a 
hundred  Essays  had  been  sent,  the  carriage  of  which  was  two  shillings  each,  the 
whole  sum  thus  expended  would  not  have  amounted  to  above  ;£10 — which  could 
only  be  a  trivial  sum  to,  the  individuals  who  offered  the  Prize.  And  equity  required, 
that  those  who  had  been  at  the  expense  of  paper  and  quills,  and  who  had  devoted  a 
certain  portion  of  their  time  to  the  subject,  in  compliance  with  the  request  of  those 
gentlemen,  should  have  been  freed  from  the  expense  of  carriage,  especially  when  no 
intimation  of  this  circumstance  was  contained  in  the  announcement.  But  we  too 
frequently  find,  that  it  is  much  easier  to  laud  a  virtue  than  to  practise  it,  and  to  de- 
nounce a  vicious  principle  than  to  act  in  opposition  to  it. 

The  Essay  is  now  presented  to  the  public  by  the  Author,  on  his  own  responsi- 
bility, as  he  originally  intended,  in  the  hope  that  it  may  not  be  altogether  inefficient,  in 
counteracting  the  principle  of  Covetousness,  and  stimulating  the  Christian  to  those 
noble  acts  of  Beneficence  by  which  physical  and  moral  evil  may  be  prevented,  re- 
ligious society  improved,  and  the  world  enlightened  and  regenerated.  Having  been 
composed  in  the  course  of  four  or  five  months,  and  in  the  midst  of  many  interrup- 
tions and  avocations,  it  is  hoped,  the  critical  reader  will  candidly  overlook  any  slight 
inaccuracies  it  may  contain. 

Should  any  pecuniary  emolument  be  derived  from  the  sale  of  this  volume,  the 
greater  portion  of  it  will  be  devoted  to  the  purpose  of  social  and  religious  im- 
provement. 

Broughty  Ferry,  near  Dundee,  > 
Jpril,  1886.  J 
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ESSAY 

ON 

COYETOUSNESS  OR  THE  LOVE  OF  MONEY. 


INTRODUCTION. 


CflRTSTiANiTT  has  ROW  subsistcd  in  the  Little  more  than  tWo  centuries,  however, 
world  throughout  the  lapse  of  eighteen  hun-  had  elapsed,  before  a  worldly  spirit,  and  a 
dred  years.  During  the  first  periods  of  its  "  love  of  pre-eminence,"  began  to  appear,  and 
existence,  when  its  facts  and  doctrines  were  to  diffuse  their  malign  influence  throughout 
propagated  in  their  native  purity  and  sim-  every  department  of  the  visible  church, — 
plicity,  uncontaminated  with  Pagan  ceremo-  which  prepared  the  way  for  the  unhappy  dis- 
nies  and  worldly  maxims ;  its  progress  was  sensions  which  afterwards  arose,  and  for  the 
rapid,  and  was  accompanied  with  many  asto-  long  reign  of  Antichrist  over  the  nations, 
nishing  and  auspicious  results.  The  empire  During  the  period  of  more  than  a  thousand 
of  the  Prince  of  Darkness  was  shaken  to  its  years  "  darkness"  again  "  covered  the  earth, 
centre,  the  altars  of  Paganism  were  over-  and  gross  darkness  the  people."  Pagan 
turned,  its  oracles  struck  dumb,  its  worship  maxims  and  ceremonies  began  to  be  blended 
forsaken,  and  its  temples  levelled  with  the  with  the  pure  precepts  and  subhme  doctrines 
ground.  "  The  word  of  the  Lord  had  free  of  the  Gospel ;  vain  speculations  were  indulged 
course  and  was  glorified,"  and  multitudes  on  questions  which  the  limited  faculties  of 
both  of  men  and  women,  of  the  higher  and  man  are  unable  to  resolve ;  a  multitude  of 
the  lower  ranks  of  society,  formeily  immersed  unmeaning  rites  were  substituted  in  the  room 
in  all  the  vices  and  abominations  of  heathen-  of  love  to  God  and  man ;  pride,  and  a  desire 
ism,  were  "  turned  from  darkness  to  light,  of  domination,  usurped  the  place  of  meekness 
and  from  the  worship  of  dumb  idols  to  the  and  humility ;  the  power  of  the  clergy  was 
service  of  the  living  God."  By  the  unwearied  augmented ;  the  bishops  aspired  after  wealth, 
labours  of  the  Apostles  and  their  successors,  magnificence,  and  splendour ;  and  their  ava-- 
the  knowledge  of  the  true  God  was  commu-  rice,  extortion,  and  licentiousness,  at  length 
nicated  to  the  inhabitants  of  the  Gret  ian  became  notorious  even  to  a  proverb.  Errors 
Islands,  Asia  Minor,  the  Northern  coasts  of  in  religion,  whether  real  or  supposed,  were 
Africa,  the  Southern  shores  of  Europe,  and  punished  by  civil  penalties  and  bodily  tor- 
throughout  the  greater  part  of  the  widely  tures ;  and  the  select  few  who  adhered  to  the 
extended  Roman  Empire,  where  the  abomi-  cause  and  "testimony  of  Jesus,"  and  lifted  up 
nations  of  Pagan  Idolatry  had,  for  ages,  de-  their  voice  against  such  abominations,  were 
based  and  demoralized  the  minds  of  men.  reproached  and  persecuted,  and  obliged  to 
The  darkness  of  heathenism  began  gradually  seek  for  shelter  in  deserts  and  mountains, 
to  vanish  before  the  light  of  the  "  Sun  of  and  in  dens  and  caves  of  the  earth.  Hence 
Righteousness,"  and  a  new  and  happier  era  it  happened,  that  the  spirit  of  genuine  religion 
appeared  to  dawn  upon  the  world.  The  in-  was  almost  evaporated;  carnal  maxims  and 
fiuence  of  Christian  principle  was  felt  in  all  policy  were  introduced;  the  love  of  riches  and 
its  force ;  love  knit  together,  in  "  the  bond  aggrandizement  began  to  gain  the  ascendency ; 
of  perfection,"  the  various  members  of  the  and  thus  a  barrier  was  interposed  to  the  pro- 
Church  ;  a  spirit  of  holy  fortitude,  and  of  non-  pagation  of  the  pure  gospel  of  Jesus  Christ, 
conformity  to  the  world,  pervaded  the  minds  and  to  the  renovation  of  the  world.  Even 
of  the  disciples  of  Jesus,  and  the  "  lust  of  the  since  the  Reformation  from  Popery,  it  is 
eye,  the  lust  of  the  flesh,  and  the  pride  of  life,"  amazing  how  little  practical  influence  Chris- 
were  considered  as  unworthy  the  pursuit  of  tianity  has  obtained  over  the  nations  who 
those  who  accounted  themselves  "strangers  profess  to  have  submitted  to  its  authority, 
and  pilgrims  upon  earth,"  and  travellers  to  a  While  its  leading  principles  and  precepts 
blessed  immortality.  ure  not  called  in  question,  as  matters  of  merd 
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opinion^  the  great  majority  of  professing 
Christians  seem  to  act  as  it  they  were  to  be 
left  entiiely  out  of  view  in  their  ordinary 
deportment,  or  as  if  there  were  no  specific 
difference  between  Christian  principles  and 
tlie  corrupt  maxims  of  the  world. 

It  is  a  fact  w^hich  cannot  be  denied,  that, 
considering  the  long  period  which  has  inter- 
vened since  its  first  promulgation,  Christianity 
has  never  yet  produced  all  the  practical  and 
beneficent  effects  which  might  have  been 
expected  from  a  religion  introduced  by  the 
authority  of  heaven,  and  confirmed  by  a 
series  of  the  most  august  and  striking  mira- 
cles,— nor  has  its  empire  been  extended 
throughout  the  nations  in  any  degree  pro- 
portionable to  the  zeal  of  its  first  propagators, 
and  to  the  rapidity  and  the  extent  of  its 
progress  after  it  was  first  announced  to  the 
world.  This  is  a  fact  which  has  filled  its 
sincere  friends  with  deep  regret,  and  which 
has  been  held  up  by  its  adversaries  as  a  pre- 
sumptive proof  that  its  claims  to  a  Divine 
origin  are  unfounded.  Although  there  are, 
doubtless,  to  be  found,  in  the  principles  of 
the  Divine  government,  reasons  inscrutable 
by  us,  why  Christianity  has  been  so  slow  in 
its  progress  and  so  limited  in  its  effects ;  yet, 
I  presume,  that  one  grand  reason  is  to  be 
found  in  the  fact,  that  the  great  majority  of 
its  professors  have  paid  more  attention  to  its 
theory  than  to  its  'practical  requisitions — 
that  its  origirial  record  has  been  too  much 
neglected,  and  human  systems  substituted  in 
its  place,  and  that  contentions  about  matters 
of  "  doubtful  disputation"  have  occupied  the 
room  of  fervent  piety  and  practical  godliness. 
No  nation  under  heaven  has  yet  recognized 
its  principles  and  maxims,  in  all  their  extent, 
in  its  civil  and  criminal  code,  in  its  legislative 
enactments,  in  its  colonial  transactions,  and 
in  its  intercourse  with  other  nations.  No 
Christian  church  has  yet  been  formed  on  the 
principle  of  a  full  and  unreserved  recognition 
of  its  precepts  and  laws,  in  all  their  bearings 
and  practical  applications ;  and  even  the  most 
exemplary  Christians,  in  their  general  deport- 
ment, and  particularly  in  the  application  of 
their  wealth,  fall  far  short  of  what  the  religion 
of  the  Bible  inculcates. 

It  is  now  high  time  that  Christianity  were 
recognized  in  all  its  holy  principles  and  pre- 
ceptive requirements,  and  that  its  votaries 
show  to  the  world  that  they  have  imbibed  its 
heavenly  spirit,  and  are  determined  to  rise 
superior  to  the  grovelling  affections  and  the 
carnal  policy  of  worldly  men,  and  to  follow 
the  footsteps  of  their  divine  leader,  and  of  his 
holy  prophets  and  apostles.  If  we  expect  to 
behold  the  moral  world  regenerated,  and  Zion 
appear  "  beautiful  and  glorious  in  the  eyes  of 
the  nations/*  we  must  exhibit  our  religion, 
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not  merely  in  theory,  but  in  its  renovailng 
and  beneficent  effects.  If  we  ask  sun'oundmg 
nations  to  embrace  its  doctrines,  and  introduce 
among  their  people  its  divine  institutions ;  if 
we  entreat  the  tribes  of  the  heathen  world  to 
listen  to  its  stupendous  facts  and  to  receive  its 
ordinances  and  laws ;  or  if  we  urge  the  infidel 
to  examine  with  attention  the  evidences  of  its 
divine  original,  they  have  a  right  to  demand 
from  us  proofs  and  examples  of  its  benignant 
tendency  and  of  its  harmonious  and  beneficent 
effects.  If  we  could  show,  that,  wherever  it 
is  professed,  it  uniformly  produces  love,  bro- 
therly affection,  forgiveness  of  injuries,  peace 
and  harmony,  philanthropy,  temperance,  cha- 
rity, and  a  spirit  of  noble  generosity ;  if  we 
could  say  with  Lactantius,  one  of  the  early 
Apologists,  "  give  me  a  man  that  is  wrathful, 
malicious,  revengeful,  and,  with  a  few  words 
of  God,  I  will  make  him  calm  as  a  lamb,  give 
me  one  that  is  a  covetous,  niggardly  miser, 
and  I  will  give  you  him  again  liberal,  bounti- 
ful, and  dealing  out  of  his  money  by  handfuls ; 
give  me  one  that  is  fearful  of  pain  and  death, 
and  immediately  he  shall  despise  racks  and 
crosses,  and  the  most  dreadful  punishments 
you  can  invent" — could  we,  v/ith  truth  and 
sincerity,  propose  to  the  world  such  arguments 
and  examples  in  behalf  of  our  holy  religion, — 
could  we  show  that  in  every  case  where  a 
Christian  or  a  Christian  society  is  to  be 
found,  such  virtues  are  uniformly  displayed; 
the  progress  of  Christianity  over  the  globe 
would  soon  be  accelerated,  and  "  righteous- 
ness and  praise  would,"  ere  long,  "spring 
forth  before  all  the  nations."  And,  I  verily 
believe,  that,  till  we  can  exhibit  our  religion 
in  all  its  amiable  and  beneficent  effects,  its 
progress  will  be  comparatively  feeble,  and  its 
enemies  numerous  and  powerful.  We  have 
been  long  engaged  in  controversies  about 
theological  opinions  ,♦  and,  in  such  conten- 
tions, have  too  frequently  overlooked  the 
grand  practical  objects  which  it  is  the  design 
of  Christianity  to  accomplish.  The  govern- 
ment of  the  temper,  the  regulation  of  the 
affections,  and  the  mortification  of  the  prin- 
ciple of  sin  and  corruption,  have  been,  in  a 
great  measure,  lost  sight  of,  amidst  the  fiery 
zeal  which  has  sometimes  been  displayed  in 
the  propagation  of  dogmas  and  opinions, 
which  do  not  enter  into  the  essence  of  our 
holy  religion.  While  we  have  endeavoured 
to  display  our  bravery  as  champions  in  the 
cause  of  orthodoxy,  we  have  too  frequently 
given  vent  to  unhallowed  passions,  and 
aspired  after  worldly  emolument  and  ap- 
plause, instead  of  "  the  hoiiour  which  cometh 
from  God  alone." 

Of  all  the  practical  requisitions  of  Christi- 
anity, thsre  is  none  which  seems  to  be  so 
much  overlooked  as  the  duty  of  contributing, 
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with  liberality,  for  the  extension  of  the  Gos- 
pel, the  diffusion  of  knowledge,  and  the  gen- 
eral improvement  of  mankind.  This  has  been 
owing  to  the  prevalence  of  that  most  vile  and 
unchristian  propensity,  designated  in  Scripture 
by  "  CovETousNESs,  which  is  Idolatht"— 
a  propensity  which  has  affected  all  ranks  of 
men,  from  the  highest  to  the  lowest,  and 
which  is  characteristic  of  multitudes  who 
make  a  glaring  profession  of  evangelical  re- 
ligion. Were  this  single  affection  either  un- 
dermined or  extirpated,  a  deluge  of  miseries 
would  soon  be  swept  away  from  our  suffering 
world — philanthropy  would  distribute  its  thou- 
sand blessings  among  all  ranks ;  universal 
education  would  be  established  in  every  land  ; 
Zion  would  be  built  up  even  in  troublous 
times ;  "  God  would  appear  in  his  glory"  to 
men ;  the  benighted  heathen  would,  ere  long, 
be  enlightened  with  the  "  day-spring  from  on 
high,"  and  the  way  prepared  for  the  ushering 
in  of  that  glorious  period  when  "  the  know- 
ledge of  Jehovah  shall  cover  the  earth,  and 
the  kingdoms  of  this  world  become  the  king- 
doms of  our  Lord,  and  of  his  Messiah." 

In  the  illustration  of  this  subject  the  follow- 
bg  plan  may  be  adopted » 


I.  I  shall  describe  the  disposition  or  jwro* 
pensity  designated  by  ^^Covetousness"  as  it 
has  operated,  and  still  operates,  in  Christian 
and  civil  society. 

II.  Demonstrate  its  absurdity  and  irra^ 
tionality, 

III.  Show  its  inconsistency  with  Christian 
principle,  and  the  general  tenor  of  the  Word 
of  God. 

IV.  Illustrate  some  of  the  Evils  vfhich.  flow 
from  the  indulgence  of  Covetousness. 

V.  Investigate  the  Principles  by  which 
Christians  should  be  dire'' ted  in  the  applica- 
tion of  their  wealth. 

VI.  Illustrate  some  of  the  Benefits  which 
would  result  to  Christians  and  general  so- 
ciety, were  Covetousness  undermined,  and  an 
opposite  principle  universally  cultivated. 

VII.  State  some  of  the  means  to  be  used, 
in  order  to  counteract  the  influence  of  Covet- 
ousness, and  to  promote  a  spirit  of  Scriptural 
liberality  among  Christians. 

VIII.  Offer  a  few  solemn  considerations  to 
different  classes  of  individuals  in  relation  to 
this  subject. 
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CovETousxEss  consists  in  an  inordinate 
desire  of  any  worldly  enjoyment,  particularly 
ncJies,  for  the  purpose  of  gratifying  ambition, 
avarice,  or  sensual  desires.  It  is  the  opposite 
of  generosity,  or  that  liberality  and  co7itent- 
ffient  which  the  word  of  God  inculcates. 

The  Creator  has  furnished  the  material 
world  with  an  immense  variety  of  objects,  and 
ha£  endowed  us  with  sensitive  organs,  through 
the  medium  of  which  these  objects  may  be 
perceived  and  enjoyed.  He  has  also  implant- 
ed in  us  desires  and  affections  which,  in  subor- 
dination to  higher  aims,  were  intended  to  be 
directed  to  the  objects  of  the  visible  world, 
and  the  enjoyment  of  the  good  things  of  this 
life.  We  njay  lawfully  desire  water  to  quench 
our  thirst,  food  to  nourish  our  bodies,  clothes 
to  cover  us,  and  comfortable  shelter  and  ac- 
commodation— if  such  desires  be  regulated  by 
scripture  and  reason,  and  confined  within  their 
proper  bounds.  We  may  even  desire  the  pos- 
sessions of  others  when  they  are  willing  to 
reUnquish  them,  and  when  we  are  able  and 
willing  to  offer  them  a  fair  and  equitable  com- 
pensation. We  may  lawfully  labour  by  the 
exertion  either  of  our  bodily  or  mental  powers, 
to  acquire  a  more  comfortable  house  or  garden 
than  we  now  possess,  and  to  enjoy  a  little 
more  of  the  external  bounties  of  Providence, 
when  proper  motives  regulate  our  exertions 
and  our  aims.  For,  the  Creator  has  exhibited, 
in  his  creation  around  us,  an  immense  variety 
of  beauties  and  sublimities  to  gratify  the  eye 
and  the  imagination,  and  has  furnished  the 
world  in  which  we  live  with  a  multiplicity  of 
delicious  fruits,  flowers,  herbs  and  roots,  to 
gratify  every  taste,  as  well  as  to  afford  nour- 
ishment to  our  animal  system.  It  is,  therefore, 
evident,  that  he  intends  his  creatures  should 
participate  the  sweets  of  sensitive  enjoyment. 
"For  every  creation  of  God  is  good,  and 
nothing  to  he  refused,  if  it  be  received  with 
thanksgiving."  **  I  know,"  says  Solomon, 
**  that  it  is  good  for  a  man  to  rejoice  and  to 
do  good  in  his  life,  and  also  that  every  man 
should  eat  and  drink,  and  enjoy  the  good  of 
all  his  labour,  for  it  is  the  gift  of  God."  Every 
thing  in  the  system  of  nature  is  so  arranged 
as  to  produce  pleasure  and  sensitive  enjoy- 
ment, when  used  with  moderation,  and  accord- 
ing to  the  design  intended  by  the  Creator.  To 
•condemn  the  moderate  use  of  sensitive  enjoy- 
ments, or  to  inculcate  the  austerities  of  an 
ascetic  life,  is,  therefore,  repugnant  to  the  dic- 
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tates  both  of  reason  and  revelation,  and  tends 
to  frustrate  the  beneficent  designs  of  Him 
whose  goodness  and  "  tender  mercies  are  over 
all  his  works." 

It  is  not,  therefore,  in  the  simple  desire  of 
worldly  good  that  covetousness  consists,  but  in 
an  inordinate  desire  of  sensitive  objects  and 
enjoyments — a  desire  which  is  inconsistent 
with  the  rational  nature  of  man,  and  with  our 
duty  to  our  Creator  and  our  fellow-men, 
Covetousness  assumes  a  variety  of  forms, 
and  manifests  itself  in  many  different  modes. 
1.  It  appears  in  its  most  degrading  form  in 
hoarding  money ^  and  acqtiiriiig  houses  and 
lands,  for  the  mere  purpose  of  accumulation, 
when  there  is  no  intention  of  enjoying  such 
wealth,  or  bringing  it  forth  for  the  good  of 
society.  This  is  the  characteristic  of  the  man 
who  is  denominated  a  miser — a  word  which 
originally  signifies  wretched^  or  miserable,  as 
all  such  persons  necessarily  are.  2.  It  appears 
under  the  pretence  of  making  prmdsion  for 
children — a  pretence  which  is  generally  no- 
thing more  than  a  cloak  to  cover  the  principle 
of  avarice  which  is  fixed  in  the  mind.  3, 
It  operates  most  frequently  for  the  purpose 
of  gratif^ang  sensual  propensities — displaying 
elegance  in  dress  and  furniture,  and  giving 
scope  to  a  spirit  of  pride  and  ambition.  In 
these,  and  many  other  ways,  this  vile  affec- 
tion manifests  itself,  robbing  man  of  the  true 
glory  of  his  nature,  degrading  him  in  some 
respects  below  the  level  of  the  brutes,  under- 
mining every  principle  of  religion,  counteract- 
ing human  happiness,  preventing  the  renova- 
tion of  the  world,  and  reducing  the  soul  to 
the  level  of  a  groveling  idolater  who  "  wor- 
ships and  serves  the  creature  more  than  the 
Creator,  who  is  blessed  forever." 

This  inordinate  desire  of  wealth  has  been 
productive  of  more  mischief  and  misery  in 
the  world  than  almost  any  other  unhallowed 
affection  of  the  human  heart.  It  has  been 
the  malignant  source  of  almost  all  the  evils 
which  have  been  intioduced  into  the  social 
state,  and  of  all  the  sorrows  and  sufferings  to 
which  the  inhabitants  of  the  earth  in  every 
age  have  been  subjected.  In  order  that  we 
may  clearly  perceive  the  malignity  of  this 
affection,  it  may  not  be  improper  to  take  a 
cursory  view  of  the  effects  it  has  produced, 
and  of  the  manner  in  which  it  has  operated, 
both  in  the  world  at  large  and  in  Chiisliai? 
society. 
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SECTION  I. 

On  the  operations  and  effects  of  Coveiousness 
as  displayed  in  the  world  at  large. 

This  vile  alTection  may  be  considered  as 
the  first  display  which  was  made  in  our 
world  of  sin  or  rebellion  against  God.  Our 
first  parents  commenced  their  apostasy  from 
their  Maker  by  coveting  tlie  fruit  of  "  the  tree 
of  knowledge,"  which  he  had  expressly  inter- 
dieter^  under  the  highest  penalty.  Though 
they  were  surrounded  by  the  niunifice?ice  of 
the  Deity,  though  they  were  permitted  to  eat 
of  every  other  tree  in  the  garden  of  Eden,  and 
possessed  every  thing  that  v/as  pleasant  to  the 
eye  and  delicious  to  the  tastd — yet  they  dared 
to  put  forth  their  hands  to  the  forbidden  fruit, 
from  the  covetous  propensity  of  enjoying  what 
was  not  their  own,  and  the  ambitious  desire 
of  being  "  hke  the  gods,  and  knowing  good 
and  evil."  This  covetous  and  ambitious  act 
"  brought  death  into  the  world  and  all  our 
woe,"  and  was  the  prelude  and  forerunner  of 
all  those  devastations  and  miseries  which  ava- 
rice and  ambition  have  entailed  on  the  inha- 
bitants of  the  world.  We  have  reason  to 
believe,  that  this  woful  propensity,  in  con- 
junction with  ambition,  with  which  it  is  in- 
separably connected,  in  one  shape  or  another, 
was  the  principal  cause  of  the  wickedness 
which  abounded  in  the  world  before  the  flood, 
and  of  the  overwhelming  deluge  which  swept 
away  its  inhabitants.  For  we  are  told,  that 
''  the  earth  was  filled  with  violence"— plainly 
intimating,  that  w^ars  and  devastations  were 
every  where  carried  on — that  a  system  of  ra- 
pine and  plunder  universally  prevailed — that 
the  strong  and  powerful  forcibly  seized  the 
possessions  oi'  the  weak — that  the  poor  and 
needy  were  robbed  and  oppressed — that  cities 
were  demolished,  fields  and  vineyards  laid 
waste,  and  the  ploughshare  of  destruction 
driven  through  every  land. 

The  whole  history  of  the  world,  since  that 
period,  may  be  considered  as  little  else  than 
a  revolting  detail  of  the  operations  of  covet- 
ousness  and  ambition,  and  of  the  direful  eflfects 
they  have  produced  on  the  destinies  of  man- 
kind. The  oppressions  which  Babylon  and 
Assyria  exercised  over  the  Jews  and  neigh- 
bouring nations,  the  plundering  of  the  sacred 
vessels  which  belonged  to  the  temple  of  Jeho- 
vah ;  the  mad  expedition  of  Xerxes  against 
the  Grecians,  with  his  numerous  fleets  and 
irmies,  and  the  slaughters  and  devastations 
they  produced;  the  boundless  ambition  of 
Alexander,  his  cruelties  and  injustice,  his 
burning  of  cities,  plundering  of  palaces  and 
temples,  and  the  destruction  of  thousands  and 
millions  by  his  conquering  armies,  while  en- 
gaged in  the  mad  pursuit  of  universal  empire ; 
^e  atro(5ities  and  murders  committed  by  his 


successors,  and  the  commotions  and  revolutions 
which  followed  in  their  train;  the  plunder, 
butchery  and  devastation  of  the  Roman  legions, 
and  the  terror  they  inspired  throughout  sur- 
rounding nations;  the  dreadful  contests  be- 
tween Rome  and  Carthage,  known  by  the  name 
of  the  Punic  Wars,  which  lasted  for  more  than 
forty-five  years,  and  in  which  millions  of  hu- 
man beings  were  sacrificed  to  the  demon  of 
war ;  the  slaughter  and  ravages  produced  by 
the  jealousy  and  ambition  of  Caesar  and 
Pompey ;  the  terrible  desolations  and  carnage 
produced  throughout  Asia  and  Africa  by 
Mahomet  and  his  ferocious  disciples,  while 
they  were  laying  waste  cities  without  number, 
and  cutting  in  pieces  all  the  enemies  of  Is- 
lamism ;  the  commotions,  assassinations,  mur- 
ders, and  contests  which  happened  during  the 
reign  of  the  Roman  Emperors;  the  pillage 
of  Rome  by  the  barbarous  Alaric^  when  the 
streets  and  houses  were  deluged  with  blood, 
the  buildings  enveloped  in  flames,  the  monu- 
ments of  ancient  grandeur  overturned,  and 
the  soldiery  raged  and  ravaged  with  all  the 
ferocity  of  infernal  demons  ;  the  irruption  of 
the  Goths  and  Vandals,  who  rushed  like  a 
torrent  into  the  Roman  Empire,  who  respected 
neither  rank,  age  nor  sex,  who  covered  the 
earth  with  carnage,  and  .whose  route  was  uni- 
formly marked  with  desolation  and  with  blood ; 
the  incursions  of  the  Scythians,  who  rushed 
with  irresistible  impulse  on  western  Europe, 
exterminating  the  inhabitants  wherever  they 
came,  and  threatening  almost  total  destruction 
to  the  human  race ;  the  ravages  of  Jenghis 
Khan,  the  most  bloody  conqueror  that  ever 
existed,  who,  in  twenty-two  years,  destroyed 
fifteen  milhons  of  human  beings,  and  trans- 
formed their  countries  into  hideous  deserts ; 
the  mad  expeditions  of  the  Crusaders,  who 
went  forth  by  millions  along  the  eastern  parts 
of  Europe,  breathing  out  threatenings  and 
slaughter  against  the  inhabitants  of  Asia;  the 
ferocious  and  fiendlike  wars  of  the  Turks 
against  Christian  nations — these,  and  thou- 
sands of  similar  scenes  of  atrocity  and  plun- 
der which  have  entailed  misery  and  destruction 
on  hundreds  of  millions  of  the  human  race, 
are  to  be  attributed  to  the  insatiable  lust  of 
covetousness,  when  pandering  to  the  pur- 
poses of  ambition  and  worldly  aggrandize- 
ment. 

In  the  wars  of  modern  times,  and  in  the 
numerous  expeditions  which  have  been  un- 
dertaken for  the  discovery  and  colonization  of 
new  countries,  the  same  avaricious  principles 
have  been  almost  uniformly  displayed.  No 
sooner  had  Columbus  discovered  a  portion  of 
the  Western  World  than  the  cursed  love  of 
gold  began  to  absorb  the  whole  attention  of 
his  followers.  No  desire  to  confer  benefits 
on  the  natives,  who  almost  adored  them, 
U 
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seems  ever  to  have  entered  their  breasts ;  but, 
on  the  other  hand,  they  displayed  every  spe- 
cies of  perfidy,  inhumanity,  and   injustice; 
and  inflicted  every  kind  of  cruelty  on  the  In- 
dians, if  they  could  but  extort  from  them  the 
golden  treasures  they  possessed.     As  if  the 
acquisition  of  gold  had  been  the  great  end  of 
human   existence,  their  whole   faculties   and 
exertions  were  directed  to  this  object.     They 
went  from  one  part  of  the  island  on  which 
they  had  landed  to  another  ;  they  sailed  east- 
ward and  westward,  and  from  one  island  to 
another ;  and  wherever  they  went,  their  sole 
inquiry   was   for   the   mountains   and    vales 
where  gold  was  to  be  obtained.     The  island 
Hispaniola  was  the  earliest  settlement  of  the 
Spaniards  in  the  New  World,  on  account  of 
the  quantity  of  gold  it  supplied.     They  forced 
its  inhabitants,  as  so  many  slaves,  to  dig  this 
object  of  their  avarice  out  of  the  bowels  of 
the  eaith,  and  when  the  source  of  it  was  dried 
np,  they  exterminated  the  natives  by  a  series 
of  barbarities  more  shocking  than  ever  before 
disgraced  the  history  of  man.     Of  two  mil- 
lions of  inhabitants   which  the   island   con- 
tained when  discovered  by  Columbus  in  1492, 
scarcely  150  were  alive  in  1545,  only  about 
fifty  years  afterwards.  The  conquest  of  Mexico 
by  Cortez  and  his  followers,  impelled  by  an 
insatiable  lust  for  gold,  was  accompanied  with 
horrors,  atrocities  and  slaughters  more  dread- 
ful and  revolting  than  almost  any  other  scenes 
recorded  in  the  annals  of  our  race.     To  pre- 
pare the  way  for  enjoying  the  plunder  they 
had  in  view,  the  unoffending  Indians   were 
butchered  by  thousands,  and  their  towns  laid 
in  ruins.     Throughout  the   whole   of  their 
progress,  their  route  was  marked  with  perfidy, 
injustice,   carnage,   and    deeds   of    atrocious 
cruelty.     On  one  occasion,  60   Caciques  or 
leaders  of  the  Mexican  empire,  and  400  no- 
bles, were  burned  alive  with  the  utmost  cool- 
ness and  deliberation,  and,  to  complete   the 
horrors  of  the  scene,  the  children  and  rela- 
tions of  the  wretched  victims  were  assembled 
and  compelled  to  be  spectators  of  their  dying 
agonies.     On  another  occasion,  v/hen  the  in- 
habitants of  the  city  of  Mexico  were  celebrat- 
ing a  festival,  and  all  the  people,  particularly 
the  nobles,  were  dressed  in  their  richest  deco- 
rations,— under  the  pretence  of  an  intended 
conspiracy,  the    Spaniards,  in  order  to  glut 
their  avarice,  fell  upon  the  unthinking  Mexi- 
cans, slaughtered   2000   of  the   nobles,  and 
stripped  their  dead  bodies  of  all  their  valuable 
ornaments.     Every  right  was  violated  which 
is  generally  held   sacred  even  by  hostile  na- 
tions.    On  every  trivial  occasion  the  Indians 
were  massacred  in  great  numbers,  their  lands 
apportioned  among  the  Spaniards,  the  inha- 
bitants reduced  to  slaves,  and  forced  to  work 
without  payment  at  all  their  public  works, 
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while  the  oflicers  distributed  into  diflfereri* 
provinces,  faithfully  imitated  their  avariciou* 
commander  in  all  his  excesses  and  barbarities. 
In  the  siege  of  Mexico  alone,  no  less  than  a 
hundred  thousand  of  the  natives  fell  by  the 
sword,  besides  those  who  perished  by  famine 
and  other  causes  connected  with  -warfare. 
And  all  these  re\'olting  scenes  were  produced 
in  violation  of  every  moral  principle,  merely 
to  gratify  the  unbounded  desires  of  sordid 
minds  for  the  unsatisfying  treasures  of  gold 
and  silver.  And  while  they  had  the  effrontery 
and  impiety  to  elevate  the  standard  of  the 
Cross,  and  to  implore  the  God  of  armies  to 
assist  them  in  their  conquests,  no  means  were 
ever  used  to  meliorate  either  the  physical  or 
moral  condition  of  those  whom  they  had  so 
cruelly  plundered.  But  God,  whose  laws 
they  had  so  wantonly  violated,  caused  them 
to  suffer  a  just  retribution,  as  a  punishment 
for  their  enormities  and  their  avaricious  de- 
sires. For  numbers  of  them  were  butchered 
by  the  enraged  Mexicans  in  their  retreat  from 
the  capital,  and  those  who  were  taken  alive 
were  carried  off  in  triumph  to  the  temples 
and  sacrificed  with  all  the  cruelties  which  re- 
venge could  invent,  to  the  god  of  war,— 
while  their  companions,  at  a  distance,  heard 
their  dismal  screams  and  piteous  lamentations. 
Many  of  them  so  overloaded  themselves  with 
bars  of  gold  as  retarded  their  flight,  so  that 
they  fled  ignominiously,  the  victims  of  their 
abominable  avarice,  and  a  great  part  of  the 
gold  and  treasures  they  expected  from  their 
conquests,  was  commanded  by  their  enemies 
to  be  thrown  into  the  lake.  Such  are  the 
effects  of  the  operation  of  that  detestable  pas- 
sion which  has  so  long  degraded  the  character 
of  man,  and  which  tramples  under  foot  every 
principle  of  virtue,  and  every  dictate  of  justice 
and  humanity. 

The  same  atrocities  were  committed,  and 
the  same  execrable  propensities  displayed  in 
the  expedition  of  Pizarro  and  his  followers 
for  the  conquest  of  Peru.  In  order  to  glut 
their  avarice  for  plundering  the  golden  trea- 
sures of  this  country,  the  basest  treachery,  and 
the  most  cold-blooded  cruelties,  were  exer- 
cised. Under  profession  of  amity,  they  seized 
upon  the  Lica  or  emperor  of  the  country,  who 
had  received  them  in  a  friendly  manner,  and 
had  commanded  his  attendants  to  offer  the 
strangers  no  injury  ;  and  butchered,  with  de- 
liberate and  unrelenting  fury,  above  4000  of 
his  attendants,  who  never  offered  the  least 
resistance  ;  after  which  they  passed  the  night 
in  the  most  extravagant  exultation,  at  the 
greatness  of  the  plunder  they  had  acquired 
from  the  bodies  of  the  slain.  The  Inca,  in 
order  to  regain  his  liberty,  promised  them  as 
many  vessels  of  gold  as  would  fill  an  apart- 
ment twenty-two  feet  long,  sixteen  wide,  and 
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eight  high :  and  after  having  despatched  mes- 
sengers throughout  his  kingdom  to  collect  the 
promised  treasures,  he  had  fulfilled  his  en- 
gagement— -they  not  long  tftei,  under  the  most 
ridiculous  pretences,  condemned  him  to  be 
burned  alive.  The  booty  they  obtained  by 
such  atrocious  deeds,  amounted  to  more  than 
two  miUions  of  pounds  sterling.  The  day  ap- 
pointed for  the  partition  of  this  enormous  sum 
was  the  festival  of  St.  James,  the  patron  saint 
of  Spain ;  and  although  asseuibled  to  divide 
the  spoils  of  an  innocent  people,  procured  by 
deceit,  extortion,  and  cruelty,  they  had  the 
impiety  and  audacity  to  commence  the  trans- 
action with  a  solemn  invocation  of  the  name 
of  God,  as  if  they  had  expected  the  benedic- 
tion of  Heaven  in  distributing  those  wages 
of  iniquity.  Such  was  the  commencement 
and  such  the  progress  of  the  expedition  by 
which  the  empire  of  Peru  was  subjugated  to 
the  dominion  of  Spain.  A  curse  has  rested 
upon  the  wealth  which  was  thus  procured ; 
and  the  nation  that  sanctioned  such  injustice 
and  atrocities,  has,  in  the  just  providence  of 
God,  suffered  the  punishment  due  to  its 
cruelties  and  avarice.  Instead  of  being  en 
riched  by  such  treasures,  it  has  been  impover- 
ished. That  very  wealth  which  its  inhabi- 
tants so  ardently  desired,  and  for  the  acquisi- 
tion of  which  they  violated  every  principle 
of  religion  and  morality,  laid  the  foundation 
of  Spanish  indolence,  checked  the  increase  of 
population,  prevented  the  exertions  of  industry 
in  the  improvement  of  rigricultiue,  manufac- 
tures, and  commerce,  which  are  the  only  true 
sources  of  wealth,  and  has  reduced  their 
country  from  one  of  the  most  powerful  and 
wealthy  of  European  kingdoms,  to  a  state  of 
comparative  poverty.  The  wars  which  have, 
of  late  years,  been  carried  on  in  that  country, 
and  in  its  former  colonies,  and  the  commotions 
and  massacres  which  are  at  this  moment  tak- 
ing place,  may  be  considered  as  part  of  the 
punishment  for  national  offences,  inflicted  by 
Him  who  "  visits  the  iniquities  of  the  fathers 
upon  the  children  to  the  third  and  fourth 
generation" — thus  by  a  kind  of  retributive 
justice,  avenging  the  many  innocent  nations 
which  were  ravaged  by  their  forefathers  on 
the  continent  of  America. 

Another  mode  in  which  Covetousness  has 
displayed  its  malignity  is,  the  traffic  in  slaves. 
Among  the  circumstances  connected  with 
shis  trade,  are  found  whatever  is  dark  in 
-treachery,  odious  in  cruelty,  or  horrible  in 
war, — whatever  s-fflicts  the  body  or  degrades 
and  tortures  the  soul.  It  is  a  traffic  which 
has  suffocated  thousands  of  human  beings  in 
the  cells  of  a  floating  dungeon,  plunged  ten 
thousands  into  a  watery  grave,  and  doomed 
the  survivors  to  long  years  of  captivity  and 
sorrow,   under   the   lash    of    relentless  task- 


masters—a traffic  which  has  produced  wars 
and  massacres  of  every  description,  torn 
asunder  the  most  endearing  ties,  trampled 
under  foot  every  dictate  of  justice  and  hu- 
man^.T,  transformed  civilized  men  into  infernal 
fiends^  and  embodied  in  it  whatever  has  been 
feared  or  imagined  in  the  cup  of  human  woe. 
Yet  this  infernal  traffic  has  been  encouraged 
and  carried  on  by  men  who  make  high  pre- 
tensions of  their  improvement  in  science  and 
civiUzation ;  by  States  that,  with  the  most 
glaring  inconsistency,  boast  of  the  liberties 
they  have  acquired  above  all  other  nations; 
by  Roman  Pontiffs  who  pretend  to  be  Christ's 
vicegerents  on  earth;  by  thousands  who  pro- 
fess the  greatest  zeal  for  the  interests  of  Re 
ligion,  and  who  would  consider  themselves  as 
scandalized  and  insulted,  were  we  to  refuse 
them  the  name  of  Christians — and  all  for  the 
purpose  of  glutting  their  insatiable  lust  of 
avarice,  at  the  expense  of  the  blood  and  suf- 
ferings of  their  fellow  men.  Early  in  the 
15th  century,  the  Portuguese,  under  the  au- 
thority of  the  Pope,  explored  the  African 
coast,  planted  colonies,  and  reduced  the  Afri- 
cans to  slavery.  The  decrees  of  five  succes- 
sive Roman  Pontiffs  "  granted,  conveyed,  and 
confirmed  to  the  most  faithful  king  [of  Portu- 
gal], a  right  to  appropriate  the  kingdoms, 
goods,  and  possessions  of  all  infidels,  wherever 
to  be  found,  to  reduce  these  persons  to  per^ 
petual  slavery,  or  destroy  them  from  the 
earth"  for  the  declared  purpose  "  of  bringing 
the  Lord's  sheep  into  one  Dominican  fold 
under  one  Universal  Pastor."  By  whom, 
then,  was  this  atrocious  commerce  opened, 
and  by  whom  has  it  been  so  long  and  ardently 
pursued  1  By  the  subjects  of  their  Most 
Faithful,  most  Catholic,  and  most  Christian 
Majesties,  Defenders  of  the  Faith ;  by  Bri' 
tish  subjects,  who  have  only  lately  heen  forced 
to  abandon  it,  and  by  the  citizens  of  the  Most 
Republican  States,  with  the  sanction  of  his 
holiness  the  Pope.  It  has  been  calculated  that, 
in  this  accursed  traffic,  eight  millioiis  of  slaves 
have  been  shipped  in  Africa  for  the  West 
India  Islands  and  the  United  States,  ten  mil- 
lions for  South  America,  and  two  millions 
have  been  taken  and  held  in  slavery  in  Africa ; 
in  all,  about  twenty  millions  of  negroes  who 
have  been  consigned  either  to  bondage  or  to 
death.*  Reckoning  the  value  of  each  slave 
at  £40  Sterling,  this  horrid  trade  has  accu- 
mulated for  its  unprincipled  abettors,  the 
enormous  sum  of  £800,000,000,  a  sum  which 
would  be  nearly  sufficient  for  efiecting  the 
physical  and  moral  renovation  of  our  world ; 
but  the  greater  part  of  which,  we  have  too 
much  reason  to  believe,  has  been  wasted  in 
luxury  and  debauchery. 

*  See   Guiley's    "Life   of  Ashmun,"   page  101 
Primed  ai  Washington,  in  iS06 
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I  have  stated  these  more  atrocious  acts  of 
avarice,  for  the  purpose  of  showing  to  what  a 
pitch  of  wickedness  and  barbarity  the  princi- 
ple of  covetousness  will  lead  its  votaries  when 
no  human  laws  or  prudential  considerations 
interfere  to  obstruct  its  progress.  Men  are 
apt  to  imagine,  that  the  occasional  indulgence 
in  covetousness,  in  respect  to  little  things,  can 
produce  no  great  harm,  when  actions  directly 
criminal  are  not  resorted  to  for  its  gratifica- 
tion,— that  to  take  a  quarter  of  an  ounce  from 
a  pound  of  sugar,  in  inch  from  a  yard  of 
print,  a  "  remnant"  from  a  suit  of  clothes,— 
to  ask  more  than  the  fair  value  for  an  article 
of  merchandize,  to  v/ifchhold  a  few  pence  or 
shillings  from  a  philanthropic  institution,  or 
to  desire  the  wealth  of  others  which  we  cannot 
by  fair  means  obtain,  must  be  faults  of  trivial 
consideration,  and  can  produce  little  injury  to 
general  society.  But  such  persons  ought  to 
consider,  that  the  very  same  principle  which 
operates  in  such  cases,  if  left  to  its  own  na- 
tive e?iergies,  and  to  operate  without  control 
from  the  force  of  human  laws,  would  lead  to 
all  the  atrocities  and  scenes  of  horror  to  which 
we  have  now  alluded,  and  would,  ere  longj 
transform  the  world  into  a  field  of  plunder,  an 
immense  charnel  house,  and  a  habitation  of 
demons.  Were  its  influence  universal,  it 
would  destroy  the  happiness  of  rational  beings, 
subvert  the  moral  order  of  intelligent  agents, 
both  in  heaven  and  on  earth,  and  even  sap  the 
foundations  of  the  throne  of  the  Eternal, 
Hence,  it  is  described  in  Scripture  as  "  the 
ROOT  OF  ALL  EVIL,"  aud  designated  by  the 
term  idolatry  ;  a  crime  which,  above  all 
others,  has  a  tendency  to  degrade  the  charac- 
ter of  man,  and  to  subvert  the  relations  in 
which  he  stands  to  his  fellow  creatures,  and 
to  his  Creator — which  includes  in  it  a  com- 
prehensive summary  of  wickedness,  pride, 
falsehood,  maHgnity,  rebellion,  hatred  of  moral 
excellence,  and  the  basest  ingratitude  towards 
him  "  in  whom  we  live,  and  move,  and  have 
our  being." 

Besides  the  more  barbarous  acts  of  plunder 
to  which  I  have  adverted,  there  are  innumer- 
able other  acts  in  the  conduct  of, nations  and 
societies,  flowing  from  the  same  principle, 
which  are  every  day  committed  without  a 
blush  at  their  enormity  and  injustice.  Almost 
th  e  whole  of  our  colonization  system  has  been 
commenced  and  carried  on  from  a  principle 
of  avarice ;  when  the  rights  of  independent 
tribes  have  been  invaded,  and  their  territories 
wrested  from  them  without  an  adequate  com- 
pensation. Whether  we  go  to  America  or 
Africa,  the  West  Indies  or  Hindostan,  or 
wherever  colonies  have  been  established  by 
European  nations,  we  shall  find  numerous 
exemplifications  of  the  truth  of  this  position. 
Instead  of  rendeiing  our  geographical  disco- 
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veries  subservient  to  the  happiness  and  im 
provement  of  unenlightened  tribes  ;  we  have 
sent  out  expeditions  to  deprive  them  of  the 
property  which  God  and  nature  had  given 
them,  to  massacre  and  to  hunt  them  as  wild 
beasts  from  the  face  of  the  earth,  for  the  pur- 
pose of  acquiring  plunder,  and  gratifying  our 
avaricious  desires.  And  when  we  have  thus 
laid  the  foundation  of  our  colonies  in  a^  arice 
and  injustice,  we  have  next  oppressed  theii 
inhabitants  by  arbitrary  enactments  and  exor- 
bitant taxes,  which  have  frequently  led  tci 
protracted  and  expensive  wars,  in  which  our 
treasures,  acquired  by  injustice  and  oppression, 
have  been  wasted,  our  previous  riches  and  pros- 
perity diminished,  and  our  finances  sometimes 
brought  to  the  verge  of  ruin.  It  is  thus  that  the 
Governor  of  the  world  frequently  punishes  the 
crime  of  avarice,  by  forcing  it  again  to  disgorge 
those  riches  which  were  unjustly  acquired,  and 
to  make  nations  perceive,  if  they  have  any 
moral  perceptions,  their  sin  in  their  punish- 
ment. Hence  when  the  British  roused  the  in- 
dignation of  their  American  Colonists,  by  their 
despotic  enactments  and  oppressive  taxations, 
a  desolating  and  unnatural  war  ensued,  which 
cost  Britain  not  only  many  thousands  of  val- 
uable lives,  (about  two  hundred  thousand  in 
all)  but  no  less  than  £139,000,000;  a  sum 
far  greater  than  had  ever  been  acquired  from 
the  possession  of  these  colonies,  and  which 
might  have  suflrtced  to  transform  Britain  into 
a  terrestrial  paradise,  and  to  establish  churches 
and  seminaries  to  the  utmost  extent,  for  the 
diifusion  of  knowledge  and  religion  among  all 
classes  of  the  inhabitants. 

There  would  be  no  end  to  the  illustrations 
of  the  operation  of  covetousness,  as  displayed 
on  the  general  theatre  of  the  world,  were  we 
to  enter  into  particulars.  The  barbarous  prac- 
tices connected  with  piracy,  or  the  plundering 
of  vessels  at  sea,  and  the  deeds  of  violence 
and  atrocity  which  pirates  have  committed; 
the  robberies  and  depredations  which  have 
been  perpetrated  by  land,  and  the  horrid  mur- 
ders which  have  been  committed  by  lawless 
banditti  in  pursuit  of  spoil ;  the  cruelties  ex- 
ercised by  Turkish  Bashaws  and  Moorish 
Emperors,  in  squeezing  from  their  subjects 
exorbitant  taxes ;  the  plundering  of  caravans 
in  the  desert  by  wandering  Arabs ;  the  savage 
practices  of  a  set  of  men  denominated  wreck- 
ers ;  the  perfidy  and  perjuries  of  spies  and 
informers,  in  convicting  the  innocent  of  crimes 
in  the  hope  of  reward;  the  trepanning  of 
soldiers  and  the  impressment  of  seamen  ;  the 
secret  murders  committed  on  frionds  and  rela- 
tives in  hopes  of  obtaining  an  inheritance  ;  the 
treachery  of  executors  and  lawyers  in  betray- 
ing their  trusts,  in  order  to  fill  their  cofifers ; 
the  frauds  of  public  officers  in  conducting  th© 
affairs  of  governments,  the  embezzhng  of  pub- 
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lie  money  by  close  corporations  for  the  purpose 
of  selfishness  and  sensuality  ;  the  oppressions 
which,  in  almost  every  nation,  have  been  ex- 
ercised by  unprincipled  and  avaricious  men, 
on  the  poor  and  destitute,  the  widows  and  the 
orphan  ;  these,  and  hundreds  of  sitiiiiar  modes 
in  which  avarice  is  displayed,  would  require 
volumes  to  describe  and  record  the  revolting 
details 

SECTION  II. 
On  the  effects  of  covetoiisness,  and  the  man- 
ner in  which  it  has  displayed  itself  among 
those  who  acknowledge  the  authority  of 
Christianity,  and  profess  to  submit  to  its 
dictates. 

When  the  leading-  facts  and  doctrines  of 
Christianity  were  first  publicly  proclaimed  on 
the  day  of  Pentecost,  those  who  were  con- 
verted to  the  faith  imbibed  its  heavenly  spirit, 
and  acted  according  to  its  holy  requisitions. 
This  was  particularly  manifested  in  their  noble 
indifference  to  earthly  possessions,  and  their 
anxious  desire  to  consecrate  the  wealth  which 
God  had  given  them  to  purposes  of  Christian 
beneficence.  So  great  was  their  admiration 
of  the  love  of  God,  and  the  riches  of  his  grace, 
and  so  elevated  their  hopes  of  heavenly  felicity, 
that  they  looked  down  with  a  becoming  con- 
tempt on  worldly  tredsures,  except  in  so  far 
as  they  were  sulDservient  to  the  purposes  of 
benevolence,  and  to  the  promoting  of  the  inter- 
ests of  the  Redeemer's  kingdom.  For,  we  are 
told,  that  "  all  that  believed,"  being  inspired 
with  mutual  lo^^e  and  afIl;rtion  for  each  other, 
— "  had  all  things  common."  Nay,  to  such 
an  extent  did  this  generous  principle  prevail 
that  they  who  had  estates  or  other  valuable 
effects,  "  sold  their  possessions  and  goods,  and 
parted  them  to  all  men  as  every  one  had  need." 
This  Christian  liberality  and  heroic  indiffer- 
ence to  the  world  continued  to  distinguish  the 
followers  of  Jesus,  in  a  greater  or  less  degree, 
during  the  first  two  centuries  of  the  Christian 
era.  For  the  sake  of  Him  who  had  "  redeem- 
ed them  with  his  blood,"  and  brought  them 
"  from  darkness  to  marvellous  light,"  they 
cheerfully  parted  with  houses  and  lands,  and 
brethren  and  sisters,  and  subjected  themselves 
to  the  severest  persecutions,  that  they  might 
obtain  "a  better  resurrection,"  and  an  "  incor- 
ruptible inheritance."  They  were  admonished 
beforehand  that  they  were  to  be  "  betrayed  by 
friends  and  brethren  and  kinsfolk,  accused  be- 
fore rulers  and  kings,  and  hated  of  all  men  for 
his  name's  sake."  And  these  premonitions 
were  fully  realized  in  the  experience  of  all 
who  professed  an  adherence  to  "  the  testimony 
of  Jesus."  t  the  instigation  of  the  heathen 
priests  and  emperors,  every  species  of  coa- 
tuinely  tmd  cruelty  was  inflicted  which  the 
wicked  ingenuity  of  our  fallen  nature  could 
30 


invent.  Some  were  slain  by  the  sword,  soma 
were  whipped  and  scourged,  after  the  cruel 
manner  of  the  Romans,  and  others  were 
roasted  in  the  flames.  Some  were  stabbed 
with  forks  of  iron,  some  nailed  to  a  cross, 
some  torn  by  wild  beasts,  and  others  drowned 
in  the  sea,  or  stoned  to  death ;  some  starved 
with  hunger  or  killed  with  cold ;  some  had 
their  hands  and  tongues  dissevered  from  their 
bodies,  and  others  were  wrapt  in  combustible 
garments,  and  fire  set  to  them  when  evening 
came  on,  that  they  might  serve  like  torches  to 
dispel  the  darkness  of  the  night.  Hierome, 
in  his  epistle  to  Cromatius,  observes, — "  There 
is  no  day  in  the  whole  year  to  which  the  num- 
ber of  five  thousand  martyrs  cannot  be  ascribed, 
except  only  the  first  day  of  January."  So  that 
every  year  no  less  than  ojie  million,  eight 
hundred  and  twenty  thousand  Christian? 
must  have  perished  from  the  earth  by  the  in- 
fliction of  such  demoniacal  punishments, — 
and  all  to  glut  the  avarice  and  revenge  of 
Pagan  priests  and  rulers.  Yet  the  number 
of  those  men  "  of  whom  the  world  was  not 
worthy,"  still  continued  to  increase  through- 
out every  province  of  the  Roman  empire. 
They  magnanimously  looked  down  on  all  the 
wealth  and  splendour  of  this  passing  scene  as 
unworthy  to  be  compared  with  the  glory 
which  was  about  to  be  revealed.  "  They 
counted  all  things  as  dung  in  comparison  of 
the  excellent  knowledge  of  Christ,  for  whom 
they  had  suffered  the  loss  of  all  things ;  they 
knew  in  whom  they  had  believed,"  and  "  chose 
rather  to  suffer  affliction  with  the  people  of 
God  than  to  enjoy  the  pleasures  of  sin  for  a 
season,  esteeming  the  reproach  of  Christ 
greater  riches  than  the  treasures  of  earth,  and 
having  respect  to  the  recompense  of  reward." 
How  many  members  of  the  Christian  church 
should  we  have  in  modern  times,  were  they 
all  exposed  to  such  persecutions  and  tribula- 
tions !  Were  all  professing  Christians  ani- 
mated with  such  heavenly  principles  and 
affections  as  distinguished  the  primitive  saints 
and  martyrs,  there  would  be  little  need  to 
write  an  Essay  on  the  evils  of  Covetousness. 
or  to  enforce  the  duty  of  a  noble  and  disinter- 
ested hberality  on  the  members  of  the  visible 
church.  But,  alas  !  the  gold  has  become  dim, 
and  the  most  fine  gold  has  changed !  The 
great  majority  of  those  called  Christia7is,  in 
our  times,  can  scarcely  be  distinguished,  in 
their  dispositions  and  conduct,  from  civilized 
Pagans,  and  the  professed  men  of  the  world, 
"  whose  god  is  their  belly,"  who  glory  in  their 
wealth,  and  "  who  mind  earthly  things.'^ 

When  the  Christian  church  began  to  enjoy 
the  favour  of  worldly  men,  it  was  not  long 
before  many  of  its  members  began  to  imbibe 
a  worldly  spirit.  As  the  wealth  and  honours 
conferred  on  the  church  increased,  the  hea- 
u  2  C233) 
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venly  zeal  of  its  votaries  diminished,  and  a 
spirit  of  Covetousness,  and  a  desire  for  worldly 
honours  and  distinctions,  began  to  prevail 
throughout  all  the  official  departments  con- 
nected with  Christian  worship  and  instruc- 
tion. Even  so  early  as  the  third  century, 
this  melancholy  change  began  to  appear,  par- 
ticuhirly  in  the  contests  of  the  Bishops  for 
power  and  pre-eminence,  and  for  worldly 
splendour  and  magnificence.  Though  a  con- 
siderable number  of  them  continued  to  exhibit 
to  the  world  illustrious  examples  of  primitive 
piety  and  virtue,  yet  "many  of  them  were 
sunk  in  luxury  and  voluptuousness,  puffed  up 
with  vanity,  arrogance  and  ambition,  pos- 
sessed with  a  spirit  of  contention  and  discord, 
and  addicted  to  many  other  vices,  that  cast  an 
undeserved  reproach  upon  the  holy  religion 
of  which  they  were  the  unworthy  ministers."* 
The  Bishops  assumed,  in  many  places,  a 
princely  authority,  particularly  those  who  had 
the  greatest  number  of  churches  under  their 
inspection,  and  who  presided  over  the  most 
opulent  assemblies.  "They  appropriated  to 
their  evangeUcal  function,  the  splendid  en- 
signs of  temporal  majesty.  A  throne,  sur- 
rounded with  ministers,  exalted  above  his 
equals  the  servant  of  the  meek  and  humble 
Jesus,  and  sumptuous  garments  dazzled  the 
eyes  and  the  minds  of  the  multitude  into  an 
ignorant  veneration  for  their  arrogated  autho- 
rity. The  example  of  the  bishops  was  ambi- 
tiously imitated  by  the  presbyters,  who, 
neglecting  the  sacred  duties  of  their  station, 
abandoned  themselves  to  the  indolence  and 
delicacy  of  an  effeminate  and  luxurious  life. 
The  deacons,  beholding  the  presbyters  thus 
deserting  their  functions,  boldly  usurped  their 
rights  and  privileges,  and  began  to  despise 
those  lower  functions  and  employments  which 
they  had  hitherto  exercised  with  so  much 
humility  and  zeal,  and  the  effects  of  a  corrupt 
ambition  were  spread  through  every  rank  of 
the  sacred  order. "j- 

Wherever  luxury,  ambition,  and  a  desire 
for  worldly  splendour,  gain  ascendency  over 
tne  mind,  Avarice  follows  in  the  train  as  an 
inseparable  concomitant.  In  the  progress  of 
tne  corruptions  which  were  afterwards  intro- 
duced into  the  church,  this  degrading  passion 
was  displayed,  with  shameless  efFrontery,  in 
all  its  impious  and  demoralizing  effects.  The 
rapaciousness  of  the  bishops  and  popes,  and 
of  almost  every  order  of  ecclesiastics,  became 
excessive,  and  even  proverbial;  and  they  did 
not  hesitate  to  employ  the  most  insidious  and 
sacrilegious  means  to  gratify  their  covetous 
propensities.  The  possessions  of  the  church 
were  sold  to  the  highest  bidders,  or  turned 
into  a  patrimony  for  the  bastards  of  the  in- 

*  Mosheim's  Eccles.  Hist.  Century  third, 
•f  r^osheim. 
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cumbents.  Frauds  and  abuses  of  every  de- 
scription were  practised ;  legends  were  forged, 
lying  wonders  invented,  and  all  the  resources 
of  fable  and  forgery  exhausted,  to  celebrate 
exploits  which  had  never  been  performed. 
Skulls  and  jaw-bones,  legs  and  arms,  were 
collected  under  pretence  of  being  the  relics 
of  the  primitive  martyrs,  and  deposited  in 
churches  in  order  to  procure  the  rich  presents 
of  wealthy  supplicants,  who  flocked  to  them 
for  deliverance  under  affliction  and  dangers. 
Marriages,  wills,  contracts,  the  interests  of 
families  and  of  courts,  the  circumstances  con- 
nected with  the  living  and  the  dead,  were  all 
converted  into  instruments  and  occasions  for 
increasing  the  power  and  riches  of  the  church. 
The  ignorance  and  superstition  which  the 
corruptions  of  Christianity  had  introduced, 
were  dextrously  improved  by  the  ecclesiastical 
rulers  to  fill  their  coffers,  and  to  drain  the 
purses  of  the  deluded  multitude.  All  the 
various  ranks  and  orders  of  the  clergy  had 
each  their  peculiar  method  of  fleecing  the 
people,  and  increasing  their  revenues.  "  The 
bishops,  when  they  wanted  money  for  their 
private  pleasures,  granted  to  their  flock  the 
power  of  purchasing  the  remission  of  the 
penalties  imposed  upon  transgressors,  by  a 
sum  of  money  which  was  to  be  applied  to 
certain  religious  purposes,  or,  in  other  words, 
they  published  Indulgences,  which  became 
an  inexhaustible  source  of  opulence  to  the 
Episcopal  orders,  and  enabled  them  to  form 
and  execute  the  most  difficult  schemes  for  the 
enlargement  of  their  authority,  and  to  erect  a 
multitude  of  sacred  edifices  which  augmented 
the  external  pomp  and  splendour  of  the  churcho 
The  abbots  and  monks,  equally  covetous  and 
ambitious,  had  recourse  to  other  methods  of 
enriching  their  convents.  They  carried  about 
the  country  the  carcasses  and  relics  of  the 
saints,  in  solemn  procession,  and  permitted 
the  multitude  to  behold,  touch,  and  eznbrace 
those  sacred  and  lucrative  remains,  at  certain 
fixed  prices.  By  this  raree-show,  the  monastic 
orders  oflen  gained  as  much  as  the  bishops 
did  by  their  indulgences." t  At  length  the 
Roman  Pontiffs  assumed  the  chief  power  over 
this  profitable  traffic,  and  "when  the  wants 
of  the  church  or  the  demon  of  avarice  prompted 
them  to  look  out  for  new  subsidies,  published 
not  only  a  universal,  but  a  plenary  remi&sion 
of  all  the  temporal  pains  and  penalties  which 
the  church  had  annexed  to  certain  transgres- 
sions." "  They  even  audaciously  usurped 
the  authority  which  belongs  to  God  alone, 
and  impiously  pretended  to  abolish  even  the 
punishments  which  are  reserved  in  a  future 
state  for  the  workers  of  iniquity,  a  step  which 
the  bishops,  with  all  their  avarice  and  pre- 
sumption, had  never  once  ventured  to  take.§ 
X  Mosheim,  Cent.  12.  $  Ibid. 
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It  was  by  the  sale  of  such  indulgences  that 
Pope  Leo  X.  carried  forward  the  magnificent 
structure  of  St.  Peter's  church  at  Rome.  He 
published  a  system  of  indulgences  suited  to 
all  ranks  and  characters  of  men,  and  promised 
a  plenary  remission  to  all  who  should  contri- 
bute their  money  to  the  furtherance  of  this 
and  other  ambitious  projects.  So  that  the 
foundations  of  this  edifice,  which  has  been  so 
much  extolled,  were  laid,  and  its  superstruc- 
ture reared,  by  means  the  most  impious  and 
diabolical,  by  a  diplay  of  reckless  perfidy  and 
^satiable  avarice,  and  at  the  expense  of  under- 
mining the  whole  fabric  of  Christianity,  and 
usurping  the  prerogatives  of  the  King  of 
heaven.  To  such  a  pitch  was  this  daring 
impiety  carried,  that  indulgences  were  farmed 
out  to  the  highest  bidders,  who,  to  make  the 
best  of  their  bargains,  procured  the  ablest  and 
most  eloquent  preachers  to  extol  the  efhcacy, 
and  enhance  the  value  of  such  wares.  A 
price,  on  a  graduated  scale,  was  set  upon  the 
remission  of  sins  of  every  description,  not 
even  excepting  the  most  horrid  crimes,  such 
as  the  murder  of  a  father,  mother,  or  wife ;  so 
that  for  ninety  livres,  or  a  few  ducats,  or  even 
for  half  a  guinea  of  English  money,  a  pardon 
might  be  procured  from  the  "  Apostolic  Chan- 
cery," for  crimes  which  all  civilized  nations 
punish  with  death.  The  raging  thirst  of 
dominion  which  consumed  the  Roman  Pon- 
tiffs, prior  to  the  Reformation,  and  their  arro- 
gant endeavours  to  oppress  all  that  came 
within  the  reach  of  their  power,  were  accom- 
panied with  the  most  impudent  and  insatiable 
extortion.  "  All  the  provinces  of  Europe 
were  in  a  manner  drained  to  enrich  these 
ghostly  tyrants,  who  were  perpetually  gaping 
after  new  accessions  of  wealth,  in  order  to 
augment  the  number  of  their  friends,  and  the 
stability  of  their  dominions  ;  and  every  strata- 
gem was  used  to  rob  the  subject  without 
shocking  the  sovereign,  and  to  levy  taxes 
under  the  specious  mark  of  religion."*  Such 
was  the  shameless  rapacity  which  then  pre- 
vailed, that  even  in  that  age  of  superstition 
and  servility,  the  eyes  of  all  ranks  began  to 
open  and  to  perceive  the  vileness  and  impiet}'- 
of  the  pretensions  of  the  ecclesiastical  orders. 
Not  only  private  persons,  but  also  the  most 
powerful  princes  and  sovereign  states  ex- 
claimed loudly  against  the  despotic  dominion 
of  the  Pontiffs,  the  fraud,  avarice  and  injustice 
that  prevailed  in  their  councils,  the  arrogance 
and  extorti(m  of  their  legates,  and  the  un- 
bridled licentiousness  and  rapacity  of  the 
clergy  and  monks  of  all  denominations,  till  at 
length  the  Reformation  dawned  and  brought 
to  hght  a  scene  of  extortion  and  profligacy 
produced  by  the  lust  of  covetousness,  which 
had  never  before  been  exhibited  with  such 
*  Mosheim,  Cent.  12. 


effrontery  in  any  country  under  heaven.  In 
such  a  state  of  things  it  was  no  w^onder  that 
.  ignorance  prevailed,  that  morality  was  under^ 
mined,  and  the  pecuHar  doctrines  of  Chris- 
tianity thrown  into  the  shade  and  entirely 
overlooked.  The  public  worship  of  the  Deity 
was  little  more  than  a  pompous  round  of 
external  ceremonies  more  adapted  to  dazzle 
the  eye  than  to  enlighten  the  understanding 
or  to  affect  the  heart.  The  discourses  of  the 
clergy  were  little  else  than  fictitious  reports 
of  miracles  and  prodigies,  insipid  fables, 
wretched  quibbles  and  illiterate  jargon  which 
deceived  the  multitude  instead  of  instructing 
them.  The  authority  of  the  holy  mother 
church,  the  obligation  of  obedience  to  her 
decisions,  the  virtues  and  merits  of  the  saints, 
the  dignity  and  glory  of  the  blessed  virgin, 
the  efficacy  of  relics,  the  adorning  of  churches, 
the  endowing  of  monasteries,  the  utility  of 
indulgences,  and  the  burnings  of  purgatory, 
were  the  principal  subjects  on  which  the 
clergy  descanted,  and  which  employed  the 
pens  of  eminent  doctors  of  di  trinity,  because 
they  tended  to  fill  the  coffers  of  the  mother 
church  to  gratify  her  ambition,  and  to  advance 
her  temporal  interests. 

It  is  impossible  to  ascertain,  with  any  de- 
gree of  accuracy,  the  vast  sums  of  money 
and  the  immense  property  which  for  ages 
were  extorted  fiom  the  people  of  Christen- 
dom for  such  unhallowed  and  sacrilegious  de- 
vices. But  it  must  have  amounted  to  many 
thousands  of  millions  of  pounds,  the  greater 
part  of  which  was  employed  for  the  purposes 
of  devastation  and  carnage,  of  luxury  and  de- 
bauchery, and  for  tyrannizing  over  tlie  people, 
whom  the  clergy  had  reduced  to  poverty  and 
ignorance,  by  their  shameful  licentiousness 
and  unbounded  rapacity.  The  one-fifth  of 
the  wealth  thus  acquired,  had  it  been  spent 
for  the  good  of  the  church,  as  was  impiously 
pretended,  might  have  been  sufficient  to  have 
diffused  the  knowledge  of  the  gospel  of  Christ 
over  every  region  of  the  globe,  and  to  have 
evangelized  every  portion  of  the  Pagan  world. 
But,  alas  !  it  was  wasted  in  promoting  schemes 
directly  opposed  to  the  principles  and  interests 
of  genuine  Christianity,  forming  one  striking 
instance,  among  many,  of  the  incalculable 
good  which  has  been  prevented,  and  the  nu- 
merous evils  which  have  been  entailed  on  the 
world  by  the  indulgence  of  Covetousness. 
The  Pope's  present  revenues  as  a  temporal 
prince,  have  been  calculated  to  amount  to  at 
least  .£1,000,000  sterling,  per  annum,  arising 
chiefly  from  the  monopoly  of  corn,  the  duties 
on  wine  and  other  provisions.  Over  and 
above  these,  vast  sums  are  continually  flowing 
into  the  Papal  treasury  from  all  the  Roman 
Catholic  countries,  for  dispensations,  indul- 
gences, canonizations,  annats,  the  pallia,  the 
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investitures  of  bishops  and  archbishops,  and 
other  resources.  It  is  computed,  that  the 
monks  and  regular  clergy,  who  are  absolutely 
at  the  Pope's  devotion,  do  not  amount  to  less 
than  2,000,000  of  persons,  dispersed  through 
all  the  Roman  Catholic  countries  to  assert  his 
supremacy  over  princes,  and  to  promote  the 
interest  of  that  church.  The  revenues  of 
these  monks  do  not  tall  short  of  £200,000,000 
sterling,  besides  the  casual  profits  arising  from 
offerings,  and  the  people's  bounty  to  the 
church,  who  are  taught  that  their  salvation 
depends  upon  this  kind  of  benevolence.  In 
Spain  alone,  the  number  of  ecclesiastics,  in- 
cluding the  parochial  clergy,  monks,  nuns, 
syndics,  inquisitors,  &c.,  amounts  to  188,625. 
The  number  of  archbishops  is  eight,  and  of 
bishoprics,  forty-six.  The  archbishop  of  To- 
ledo alone  has  a  revenue  which,  according  to 
the  most  moderate  calculation,  amounts  to 
£90,000  annually.  In  Portugal,  in  1733,  there 
were  reckoned  above  300,000  ecclesiastics 
out  of  a  population  of  less  than  two  millions. 
The  patriarch  of  Lisbon  has  an  annual  reve- 
nue of  £30,000,  and  the  revenue  of  the  Pa- 
triarchal Church,  above  £114,000  sterling 
per  annum.  It  is  stated  by  Mr.  Locke,  in  a 
Diary  of  his  travels  when  on  the  Continent, 
inserted  in  Lord  King's  late  biography  of  that 
illustrious  philosopher,  that  the  expense  of 
the  ecclesiastical  establishment  of  France,  at 
the  period  in  which  he  resided  in  that  country, 
amounted  to  above  twenty-four  millions  of 
pounds  sterling.  What,  then,  must  have 
been  the  immense  treasures  of  wealth  col- 
lected by  the  extortions  of  the  Roman  pontiffs 
and  bishops  prior  to  the  Reformation,  when 
the  whole  of  the  European  nations  lay  pros- 
trate at  their  feet,  and  were  subservient  to 
their  interests, — and  when  the  newly  disco- 
vered countries  in  America  were  plundered 
to  augment  their  revenues,  and  to  gratify 
their  unbounded  rapacity  !  The  wealth  thus 
amassed,  might  have  been  almost  sufficient 
to  have  cultivated  every  region,  and  to  have 
transformed  every  portion  of  the  globe  into 
an  earthly  paradise. 

Even  in  England,  during  the  reign  of  Pa- 
pal tyranny,  the  avarice  of  the  clergy  seems 
to  have  risen  to  an  enormous  height.  Mr. 
Hume,  in  his  history  of  the  reign  of  Henry 
III.  of  England,  gives  the  following  descrip- 
tion : — "Every  thing  was  become  venal  in 
the  Romish  tribunals;  simony  was  openly 
practised ;  no  favours,  and  even  no  justice 
could  be  obtained  without  a  bribe ;  the  highest 
bidder  was  sure  to  have  the  preference,  with- 
out regard  either  to  the  merits  of  the  person 
or  of  the  cause  ;  and  besides  the  usual  per- 
versions of  rights  and  the  decision  of  contro- 
versies, the  Pope  openly  assumed  an  absolute 
and  uncontrolled  authority  of  setting  aside, 
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by  the  plenitude  of  his  Apostolic  power,  ali 
particular  rules  and  all  privileges  of  patrons, 
churches,  and  convents.  On  pretence  of  re- 
medying these  abuses,  Pope  Honorius,  in 
1226,  complaining  of  the  poverty  of  his  see 
as  the  source  of  all  grievances,  demanded 
from  every  cathedral  two  of  the  best  prebends, 
and  from  every  convent  two  monks'  portions, 
to  be  set  apart  as  a  perpetual  and  settled  reve- 
nue of  the  papal  crown ;  but  all  men  being 
sensible  that  the  revenue  would  continue  for- 
ever, his  demand  was  unanimously  rejected. 
About  three  years  after,  the  Pope  demanded 
and  obtained  the  tenth  of  all  ecclesiastical  re- 
venues, which  he  levied  in  a  very  oppressive 
manner,  requiring  payment  before  the  clergy 
had  drawn  their  rents  or  tithes,  and  sending 
about  usurers  who  advanced  them  the  money 
at  exorbitant  interest.  In  the  year  1240,  Otho 
the  legate,  haying  in  vain  attempted  the  clergy 
in  a  body,  obtained  separately,  by  intrigues 
and  menaces,  large  sums  from  the  prelates  and 
convents,  and  on  his  departure,  is  said  to  have 
carried  more  money  out  of  the  kingdom  than 
he  left  in  it.  This  experiment  was  renewed 
after  four  years  with  success  by  Martin,  the 
nuncio,  who  brought  from  Rome  powers  of 
suspending  and  excommunicating  all  clergy- 
men that  refused  to  comply  with  his  demands. 
Meanwhile  all  the  chief  benefices  of  the  king- 
dom were  bestowed  on  Italians ;  non-residence 
and  pluralities  were  carried  to  an  enormous 
height ;  Mansel,  the  king's  chaplain,  is  com- 
puted to  have  held  at  once  seven  hundred 
ecclesiastical  livings,  and  the  abuses  became 
so  evident  as  to  be  palpable  to  the  blindness 
of  superstition  itself."  "  The  benefices  of  the 
Italian  clergy,  in  England,  were  estimated  at 
the  amount  of  60,000  marks  a  year,  a  sum 
which  exceeded  the  annual  revenue  of  the 
Crown  itself."  "  Pope  Innocent  exacted  the 
revenues  of  all  vacant  benefices,  the  twentieth 
of  all  ecclesiastical  revenues  without  excep- 
tion, the  third  of  such  as  exceeded  100  marks 
a  year,  and  the  half  of  such  as  were  possessed 
by  non-residents.  He  claimed  the  goods  of 
all  intestate  clergymen  ;  he  pretended  a  right 
to  inherit  all  money  gotten  by  usury ;  he  levied 
benevolencies  upon  the  people ;  and  when  the 
king  prohibited  these  exactions,  he  threatened 
to  pronounce  against  him  the  sentence  of  ex- 
communication." Such  was  the  boundless 
rapacity  of  the  Popes,  the  extravagant  ex- 
actions they  enforced,  and  the  power  they 
wielded  to  gratify  their  avaricious  desires. 
There  is,  perhaps,  not  a  similar  instance  to  be 
found  in  the  history  of  man,  in  any  nation  on 
the  face  of  the  globe,  of  Covetousness,  under 
the  mask  of  religion,  so  impudent,  unbounded 
and  extravagant. 

There  is  a  certain   class  of  persons  con- 
nected with  the  Romish  Church,  who  hav® 


Hosted  by  Google 


ON  THE  EFFECTS  OF  COVETOUSNESS. 


21 


been  more  arrogant  and  rapacious,  than  al- 
most any  other  class,  except  the  pontiffs, 
namely,  those  individuals  commonly  desig- 
nated by  the  title  of  "  The  Pope's  Nephews.''^ 
An  Italian  writer  of  the  17th  century,  who 
•appears  to  have  been  a  moderate  Catholic, 
when  sketching  the  characters  of  the  existing 
cardinals,  and  the  Pope's  Nephews,  relates, 
among  other  curious  and  melancholy  pieces 
of  history,  the  following  circumstance :  "  A 
friend  of  mine  had  the  curiosity  to  calculate 
the  money  that  has  been  given  to  the  Ne- 
phews, and  he  began  at  the  year  1500,  and, 
after  a  great  deal  of  pains,  he  found  issuing 
from  the  treasury  of  the  church  above  seventy 
millions  of  double  ducats,*  all  delivered  into 
the  hands  of  their  kindred :  And  this  is  to  be 
imderstood  of  visible  moneys ;  for  of  private 
and  invisible  sums,  there  may  perhaps  be 
twenty  millions  more.  And  those  Romans 
that  are  within  the  town,  and  have  more  time 
to  cast  up  what  has  been  extorted  from  them, 
if  they  would  take  the  pains  to  examine  it 
more  strictlyj  I  am  satisfied,  would  find  it 
much  more."  The  author,  like  a  good  and 
zealous  Catholic,  makes  the  following  'reflec- 
tion on  this  fact ;  "  If  these  seventy  millions 
of  double  ducats  had  been  spent  in  persecut- 
ing heretics,  or  in  making  war  upon  infidels, 
where  would  any  infidels  be  1  where  would 
any  heretics  be '?  Those  seventy  millions 
would  have  been  <^-nough  to  have  overrun  all 
Asia.  And  (which  is  of  importance  too)  the 
princes  would  have  contributed  as  much  more, 
had  they  seen  the  Popes  more  tenacious 
against  their  kindred,  and  more  free  to  the 
soldiers  who  were  fighting  for  Christ."  The 
same  author  states,  that  "  Innocent  the  tenth, 
to  satisfy  the  fancy  of  a  Kinswoman,  spent  a 
hundred  thousand  crowns  upon  a  fountain ; 
yet  with  great  difficulty  could  scarce  find  forty 
thousand  to  supply  the  Emperor  in  his  wars 
with  the  Protestr.nts,"  and  "  This  good  Pope 
would  nevertheless  leave  to  his  cousin,  to  the 
house  of  Pamphilia,  and  other  houses  allied 
to  that,  above  eight  'millions  of  crowns,  with 
which  sum  they  flourisli  in  Rome  to  this  very 
day."  Again,  "  The  Barbarini  were  in  Rome 
at  the  same  time,  and  enjoyed  a  rent  of  four 
hundred  thousand  crowns  ,•  and  yet  in  a  war 
of  so  much  importance  to  the  Catholic  reli- 
gion, they  could  not  find  forty  thousand.  But, 
oh  God  !  (I  speak  it  with  tears  in  my  eyes) 
against  the  most  Catholic  princes  of  Italy, 
whole  millions  were  nothing;  they  could  turn 
*  A.  (iHcat  is  about  4s.  6d.  or  5s.  in  value,  when 
of  silver,  and  twice  as  much  when  of  gold.  The 
double  ducats  of  Venice,  Florence,  Genoa,  &c., 
weigh  five  pennyweights,  seventeen  grains  of 
gold^  and  consequently  are  about  the  value  of  an 
English  guinea,  so  that  the  above  sum  may  be 
considered  as  equivalent  to  £73,500.000  sterling, 
which  is  equivalent  to  more  than  200  miUions  of 
pounds  at  the  prese^Jt  time. 


the  Cross  into  a  sword  t*)  revenge  their  par- 
ticular injuries ;  but  in  the  relief  of  the  .Em- 
peror, who  was  vindicating  the  Christian 
faith,  they  could  not  find  so  much  as  a  few 
hundreds."  On  such  circumstances  he  makes 
the  following  remarks :  *'  The  infidels  laugh, 
and  the  heretics  rejoice  to  see  the  wealth  of 
the  Church  so  irreligiously  devoured,  while 
the  poor  Christian  weeps  at  their  merriment." 
*'  The  heat  and  passion  which  the  Popes  show 
hourly  for  their  Nephews — to  gain  Principali- 
ties for  them,  to  bestow  pension  upon  pension 
upon  them,  to  build  palace  upon  palace  for 
them,  and  to  fill  their  coffers  with  treasure  to 
the  brim,  is  that  which  cools  the  resolution  of 
the  zealousest  prince,  and  exasperates  the  in- 
fidels in  their  wicked  designs.  A  great  shame 
it  is,  indeed,  that  the  heretics  should  have 
more  ground  to  accuse  the  Catholics,  than  the 
Catholic  has  to  impeach  the  heretic."  I  shall 
only  extract  farther  the  following  apostrophe 
of  the  author,  in  reference  to  this  subject; 
"  Oh  God !  to  what  purpose  will  they  keep  so 
many  jewels  at  Loretta,  so  much  consecrated 
plate  at  Rome,  so  many  abbeys  for  their  Ne- 
phews, so  much  wealth  for  the  Popes,  if  aban- 
doning their  commonwealth,  and  refusing  it 
that  humane  supply  that  is  necessary  for  the 
celestial  glory,  it  be  constrained  to  submit  to 
the  Ottoman  power  which  threatens  it  now 
with  the  greatest  effect  1  If  the  wealth  of  the 
Popes  be  devoured,  the  benefices  of  the  cardi- 
nals given  to  the  priest  of  Mahomet,  the  ab- 
beys of  the  Nephews  usurped  by  the  Turks, 
the  sacred  vessels  at  Rome  profaned  by  these 
Infidels,  and  the  seraglio  adorned  with  the 
gems  of  Loretta;  God  grant  my  eyes  may 
never  see  that  spectacle  !"* 

Thus  it  appears,  even,  from  the  testirnnni'- 
of  Roman  Catholic  writers,  that  immense  sums 
were  wrested  from  the  "  Christian  people,"  by 
every  species  of  fraud  and  extortion ;  that 
these  sums,  instead  of  being  applied  to  the 
maintenance  and  defence  of  the  Church,  as 
was  pretended,  were  wasting  in  luxury  and 
extravagance,  in  selfish  gratifications,  in  rioi 
and  debauchery,  in  accumulating  wealth  on 
the  heads  of  their  relatives  and  favourites, — 
most  of  whom  were  infidels  and  debauchees, 
in  gratifying  the  pride  and  avarice  of  courte- 
zans, and  in  the  most  romantic  and  ambi- 
tious projects.  The  single  structure  of  St. 
Peter's  at  Rome,  cost  the  enormous  sum  of 
twelve  millions  of  pounds ;  and,  in  our  age 
and  country,  would  have  cost  at  least  thirty- 
six  millions  of  pounds  sterling.  What,  then, 
must  have  been  the  immense  sums  expended 

*  See  a  folio  volume  of  330  pages,  entitled  "  Tl 
Cardinalismo  di  sancta  Chiesa  ,*  or  the  History  of 
the  Cartfinalsof  the  Romish  Hhurch,  from  the  time 
of  their  first  creation  to  the  election  of  Pope  Cle 
nient  the  ninth.  Written  in  Italian,  by  the  author 
of  J^epotismo  di  Roma.     Loudon,  1670. 
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on  similar  objects,  intended  merely  for  worldly 
ostentation  throughout  the  whole  of  Christen- 
ilom,  besides  the  millions  wasted  in  the  pur- 
suits of  tyranny,  sensuality  and  debauchery  ! 
The  mind  of  a  reflecting  Christian  is  almost 
overwhelmed  at  the  thought  that  such  sacri- 
legious enormities  should  have  been  so  long 
permitted  to  continue  under  the  moral  govern- 
ment of  God  ;  and  that  such  treasures  should 
have  been  consecrated,  for  so  many  ages,  to  the 
support  of  the  kingdom  of  darkness,  while  the 
true  Church  of  Christ  was  obliged  to  pine 
away  in  poverty,  and  hide  its  head  in  dens 
and  caves  of  the  earth.  But  such  are  the 
deplorable  and  overwhelming  effects  of  Covet' 
ousnesf.:,  when  it  gains  an  ascendency  in  the 
minds  of  individuals,  communities,  or  nations. 
To  accomplish  its  objects,  every  dictate  of 
prudence  is  discarded,  every  law,  human  and 
divine,  trampled  under  foot,  every  ordinance 
of  religion  violated  and  profaned,  every  threat- 
ening of  future  punishment  set  at  nought, 
the  happiness  or  misery  of  fellow-creatures 
entirely  disregarded,  atrocious  murders  per- 
petrated without  remorse,  and,  in  its  boundless 
projects,  the  whole  earth  appears  too  narrow  a 
field  for  the  scene  of  its  devastations. 

Let  us  now  attend  to  the  operations  of 
Covetousness  as  it  appears  in  individuals  and 
societies  connected  with  Protestant  and 
Evangelical  Churches. 

The  operation  of  this  affection  among  pro- 
fessing Christians  in  general,  is  apparent, 
from  the  eagerness  and  restless  activity  with 
which  the  acquisition  of  wealth  is  prosecuted. 
Diligence  and  activity  in  busi'^ess  is  the  duty 
of  every  man ;  and  he  who,  in  this  way, 
"  provides  not  for  his  household,  hath  denied 
the  faith,  and  is  worse  than  an  infidel."  But 
the  keenness  and  unwearied  exertion  so  fre- 
quently displayed  in  the  accumulation  of 
wealth,  are  very  different,  and  ought  to  be  dis- 
tinguished from  that  dutiful  attention  which 
every  man  ought  to  exercise  in  procuring  the 
means  of  comfortable  subsistence.  When  we 
look  around  us  on  the  world,  and  even  on  the 
conduct  of  many  Christians,  one  would  be 
almost  apt  to  conclude,  that  the  acquisition  of 
riches  and  honours  is  the  great  object  of  pur- 
suit, and  the  ultimate  end  of  human  existence. 
For  men  will  make,  sacrifices,  and  expose 
themselves  to  inconvenience,  privations,  and 
dangers,  to  acquire  money,  which  they  would 
refuse  to  do,  in  order  to  supply  the  wants  of  a 
poor  and  afflicted  family,  or  to  promote  the 
best  interests  of  an  immortal  soul,  even  when 
there  is  no  necessity  for  accumulating  wealth 
in  order  to  family  comfort.  This  disposition 
likewise  appears,  in  being  unsatisfied  with 
the  wealth  already  acquiredy  even  when  every 
tensitive  comfort  consistent  with  reason  and 
religion  is  already  enjoyed.  There  is  too 
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much  aiming  at  what  is  ^  aU  ul  independenct 
— a  want  of  conientm&nl  under  the  present 
allotments  of  Providence,  and  a  distiiust  of 
the  care  and  the  promises  of  Him  who  has 
said,  *'  Thy  bread  shall  be  given  thee,  and  thy 
water  shall  be  sure,"  and  "  I  will  never  leave 
thee  nor  forsake  thee."  How  few  are  there 
to  be  found,  even  among  evangelical  Chris- 
tians, whose  language  and  conduct  declare,— - 
"  We  are  perfectly  contented  with  the  ar- 
rangements of  the  Almighty,  and  with  that 
portion  of  earthly  good  which  he  has  bestowed 
upon  us,  and  we  confidently  trust  that  in  the 
use  of  all  proper  means,  he  will  cause  '  good- 
ness and  mercy  to  follow  us  all  the  days  of 
our  lives ;'  for  all  his  allotments  are  deter- 
mined by  Infinite  wisdom  and  rectitude  !" 
The  same  disposition  appears  in  refusing  to 
contribute  to  philanthropic  objects,  or  in  con- 
tributing the  smallest  and  most  trifling  sums. 
While  large  sums  are  unnecessarily  expended 
in  expensive  articles  of  dress  and  furniture, 
the  most  pitiful  and  niggardly  sums  are  some- 
times reluctantly  given  for  the  promotion  of 
objects  which  have  for  their  ultimate  end  the 
alleviation  of  human  misery,  the  diffusion  of 
divine  knowledge,  and  the  renovation  of  the 
world.  But,  leaving  such  general  observa- 
tions, it  may  be  expedient  to  descend  into  par- 
ticulars, and  fix  our  attention  for  a  little,  on 
some  of  the  more  prominent  modes  by  which 
covetous  affections  are  manifested  by  profess" 
ing  Christians. 

Covetousness  assumes  an  immense  variety 
of  dilTeient  shapes,  and  manifests  itself  in  such 
a  multiplicity  of  modes,  that  it  would  require 
volumes  of  description,  were  we  to  trace  it  in 
all  its  turnings  and  windings,  and  the  diver- 
sity of  phases  in  which  it  appears  in  different 
individuals,  and  throughout  the  ramifications 
of  Christian  society ;  and  therefore  I  shall 
confine  myself  to  some  of  its  more  general 
or  leading  aspects. 

1.  It  appears  in  its  most  abject  and  degrad- 
ing form  in  the  practice  of  ho aut)ii^g  money 
and  acquiring  houses  and  lands  for  the  mere 
purpose  of  accumulation^  when  there  is  no 
intention  of  enjoying  such  wealth,  or  bringing 
it  forward  for  the  good  of  society.  A  man 
who  is  under  the  influence  of  this  vile  propen- 
sity  will  sometimes  exhibit  an  apparent  de- 
cency and  respectability  of  conduct  to  general 
society.  He  will  seldom  be  distinguished  for 
gluttony,  drunkenness,  or  debauchery;  for 
such  indulgences  run  counter  to  his  love  of 
gain  and  his  hoarding  propensities.  He  will 
even  attend  with  punctiiality  on  the  public 
ordinances  of  religion,  and,  for  the  sake  of 
character,  will  give  his  half-penny  or  his 
penny  to  the  collections  for  the  poor,  and 
will  likewise  keep  up  a  routine  of  family 
worship  in  private,  because  it  costs  him  no- 
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thing.  Among  his  neighbours  he  may  enjoy 
the  reputation  of  being  a  sober,  industrious 
and  frugal  character,  and  be  set  in  contrast 
with  the  profligate  and  the  profane.  But  all 
the  while  his  heart  is  set  upon  his  covetous- 
ness.  To  acquire  money  by  every  mean  that 
will  not  subject  him  to  the  criminal  laws,  and 
to  place  it  in  security,  are  the  great  and  ulti- 
mate objects  of  his  pursuit ;  liis  whole  aifec- 
tions  are  absorbed  in  the  accumulation  of 
wealth  ;  mammon  is  the  great  idol  which  he 
adores ;  and  whatever  semblance  of  religion 
he  may  assume,  he  worships  and  serves  the 
creature  more  than  the  Creator.  He  is  hard 
and  griping  in  every  bargain  he  makes ;  he 
grinds  the  faces  of  the  poor,  and  refuses  to 
relieve  the  wants  of  the  needy ;  his  weights 
and  measures  are  frequently  found  deficient, 
and  he  cheats  without  remorse,  if  he  can  pass 
without  detection.  He  envies  the  man  who 
is  richer  or  more  prosperous  than  himself,  and 
he  casts  his  eyes  around  him  on  the  posses- 
sions of  the  poor,  if  perchance,  by  cunning 
and  deceit,  he  may  acquire  them  at  half  their 
value.  However  fast  his  wealth  may  increase, 
"  though  he  heap  up  silver  as  the  dust,"  and 
"  the  gold  of  Ophir  as  the  stones  of  the  brooks," 
his  wishes  are  never  satisfied,  and  his  accumu- 
lated wealth  always  lags  behind  his  avaricious 
desires.  He  thinks  he  has  a  right  to  be  rich, 
and  he  murmurs  against  the  dispensations  of 
Providence,  when  they  frustrate  his  schemes 
and  disappoint  his  expectations.  He  is  un- 
happy, because  he  is  unsatisfied  with  what  he 
has  acquired,  and  because  his  plans  for  accu- 
mulating gain  are  so  frequently  disconcerted. 
Gratitude  to  God  and  reliance  on  his  provi- 
dential care,  tenderness,  sympathy,  and  kind- 
ness, domestic  affection,  and  expansive  benefi- 
cence, are  virtues  which  can  never  find  an 
entrance  to  his  heart ;  for  all  the  avenues  to 
true  enjoyment  are  interrupted,  and  closely 
shut  up  by  the  cold  hand  of  avarice.  He 
denies  himself  those  sensitive  comforts  which 
Providence  has  put  within  his  reach,  and 
alm.ost  starves  himself  in  the  midst  of  riches 
and  plenty.  He  stints  the  comiforts  of  his 
family  and  dependants,  imparting  to  them  the 
necessaries  of  life  in  shreds  and  crumbs,  and 
stooping  to  the  meanest  and  most  debasing 
expedients,  in  order  to  save  a  shilling  or  to 
increase  his  store — days  and  years  roll  on  and 
carry  him  near  to  the  verge  of  time.  As  he 
approaches  nearer  the  grave,  into  which  his 
riches  cannot  descend,  his  desires  after  them 
still  increase,  and  he  clings  to  them  with  a 
more  eager  grasp.  His  last  sickness  seizes 
him  while  he  is  counting  his  gold,  arranging 
his  bills,  collecting  his  rents,  or  prosecuting  the 
poor  debtors  who  have  come  under  his  grasp. 
He  is  determined  to  hold  fast  his  treasures  till 
the  last  moment ;  even  the  near  prospect  of 


dissolution  is  insufficient  to  make  his  hearr 
relent  over  a  poor  family  whom  he  is  hurry- 
ing into  ruin,  and  in  the  very  article  of  death, 
his  heart  is  glued  to  earthly  treasures,  in  spite 
of  every  remonstrance ;  sometimes  grasping 
the  keys  of  his  coffers  with  a  desperate  reso- 
lution, till,  at  length,  his  soul  takes  its  down- 
ward flight  to  that  world  for  which  it  is  pre^ 
pared. 

Such  is  a  faint  picture  of  the  covetous  man 
who  "  lays  up  treasures  for  himself,  and  is  not 
rich  towards  God."  Such  is  the  character, 
more  or  less  deeply  marked,  of  not  a  few  who 
pass  under  the  Christian  name,  and  have  a 
place  in  the  Christian  church.  When  they 
are  dextrous  in  the  exercise  of  cunning  and 
deceit,  and  their  conduct  is  unmarked  with 
any  flagrant  vice,  they  may  long  continue 
their  course  without  much  reprobation  from 
general  and  even  Christian  society,  especially 
if  they  have  acquired  the  habit  of  dissimula- 
tion and  hypocritical  canting.  But  the  prin- 
ciple which  pervades  the  souls  of  such  persons, 
if  permitted  to  operate  without  control,  would 
display  itself  in  a  still  more  glaring  and  dis- 
gustful manner, — of  which  we  have  many 
examples  recorded  in  biography  and  history. 
In  order  to  exhibit  covetousness  in  its  real 
light,  and  to  impress  the  mind  with  the  base- 
ness and  revolting  nature  of  this  passion,  it 
may  not  be  improper  to  select  two  or  three 
examples. 

Edward  Nokes  was  by  trade  a  tinker,  at 
Horn-church  in  Essex.  His  apartments  por- 
trayed symptoms  of  the  most  abject  poverty, 
though,  at  his  death,  he  was  found  to  be 
possessed  of  between  five  and  six  thousand 
pounds.  He  had  a  wife  and  several  children 
whom  he  brought  up  in  the  most  parsimonious 
manner,  often  feeding  them  on  grains  and 
offals  of  meat  which  he  purchased  at  reduced 
prices.  In  order  to  save  the  expense  of 
shaving,  he  would  encourage  the  dirt  to 
gather  on  his  face,  to  hide  in  some  measure 
this  defect.  He  never  suffered  his  shirt  to  be 
washed  in  water,  but  after  wearing  it  till  it 
became  intolerably  black,  he  used  to  wash  it 
in  wine  to  save  the  expense  of  soap.  His 
coat,  which  time  had  transformed  into  a 
jacket,  would  have  puzzled  the  most  accom- 
plished chemist  to  determine  its  original 
colour,  so  covered  was  it  with  shreds  and 
patches  of  different  colours,  and  those  so 
diversified  as  to  resemble  the  trophies  of  the 
different  nations  of  Europe.  The  interest 
of  his  money,  together  with  all  he  could  heap 
up,  he  used  to  deposit  in  a  bag,  which  bag 
was  covered  up  in  a  tin  pot,  and  then  con- 
veyed to  a  brick  kitchen  where  one  of  the 
bricks  was  taken  up,  and  a  hole  made  just 
large  enough  to  hold  the  pot ;  the  brick  was 
then  carefully  marked,  and  a  tally  kept  behind 
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tlie  door,  of  the  sum  deposited.  One  day  his 
wite  discovered  the  hoard,  and  took  from  the 
pot  one  of  16  guineas  that  were  placed  therein ; 
iDut  when  her  husband  came  to  count  his 
money,  on  finding  it  not  to  agree  with  the 
tally,  behind  the  door,  which  his  wife  did  not 
know  of,  he  taxed  her  with  the  theft,  and  to 
the  day  of  his  death — even  on  Ids  death  bed, 
he  never  spoke  to  her,  without  adding  the 
epithet  *'  thief  ^^  to  every  expression.  A  short 
time  before  his  death  he  gave  strict  charge 
that  his  coflin  should  not  have  a  nail  in  it, 
which  was  actually  the  case,  the  lid  being 
fjistened  with  hinges  made  of  cords.  His 
shroud  was  made  of  a  pound  of  wool,  the 
cofFm  was  covered  with  a  sheet  instead  of  a 
pall,  and  was  carried  by  six  men,  to  each  of 
whom  he  left  half  a  crown.  At  his  particular 
desire,  no  one  who  followed  him  to  the  grave 
wore  mourning ;  even  the  undertaker  was 
habited  in  a  blue  coat  and  scarlet  waistcoat. 
He  died  in  1 802,  a  wretched  example  of  the 
degrading  effects  of  avarice. 

In  November,  1821,  a  person  of  the  name 
of  Harrison  died  in  Bennet  street,  Rathbone 
Place,  Oxford  road,  London,  where  he  had 
lodged  20  years.  The  furniture  in  his  room 
consisted  of  one  old  chair,  a  table,  an  old 
stump  bedstead,  and  a  bed  of  straw;  in  one 
corner  was  a  heap  of  ashes  ;  and  the  cupboard, 
the  day  after  his  decease,  contained  a  few 
potato  peelings  and  a  stale  roll.  His  body 
presented  a  picture  of  extreme  misery  and 
starvation,  though  he  had  no  family,  and  had 
property  in  the  funds  to  the  amount  of  oC  1500. 
A  female  friend  who  was  in  the  habit  of  visit- 
ing him,  deposed  before  the  coroner,  that  he 
would  let  no  person  but  her  enter  his  room, 
which  he  always  kept  padlocked  on  the  inside, 
for  fear  of  being  robbed.  He  lay  on  his  bed 
in  the  day  time,  and  sat  up  at  night  without 
any  fire,  always  burning  a  lamp.  A  few 
evenings  before  his  death,  he  told  her,  that 
many  persons  wanted  to  finger  his  cash,  but 
they  should  not.  He  then  desired  her  to 
lock  him  in,  and  take  the  key  with  her,  which 
she  did;  but  on  going  again  next  day,  she 
found  him  lying  on  his  bed,  with  his  clothes 
on,  quite  dead.  He  was  in  the  practice  of 
carrying  large  sums  of  money,  and  sewing 
them  up  in  different  parts  of  his  clothes,  for 
which  reason  he  never  pulled  them  off.  Up- 
wards of  JGIOO  was  found  upon  him  at  the 
time  of  his  death ; — on  the  night  previous  to 
which  he  sent  for  one  oyster,  half  a  pint  of 
beor,  and  a  pennyworth  of  figs,  which  he  ate. 
Such  is  the  wretchedness  and  degradation  to 
which  covetousness  reduces  those  miserable 
l>eings  who  live  under  its  influence.  Such 
*ixamples  form  a  striking  commentary  on  the 
words  of  Solomon:— ^" There  is  a  sore  evil, 
which  T  have  seen  under  the  sun ;  riches  kept 
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by  the  owners  thereof  to  their  hurt,  and  thoi*e 
riches  perish  by  evil  travail.  As  he  came 
forth  of  his  mother's  womb,  naked  shall  he 
return,  to  go  as  he  came,  and  shall  take 
nothing  of  his  labour  which  he  may  carry 
away  in  his  hand.  All  his  days  also  he 
eateth  in  darkness,  *or  wretchedness,'  and 
hath  much  sorrow  and  wrath  with  his  sick- 
ness" under  the  curse  and  displeasure  of 
God. 

Numerous  examples  of  this  kind  might  be 
brought  forward ;  but  I  shall  adduce  only  the 
following  well  authenticated  instance,  in  rela- 
tion to  John  Elwes,  Esq.,  who  was  for  some 
time  a  member  of  parhament  for  Berkshire. 

The  father  of  this  gentleman  v/as  a  brewer, 
of  great  eminence,  but  his  mother,  though  she 
was  left  nearly  £100,000  by  her  husband, 
Hterally  starved  herself  to  death.  About  the 
age  of  40,  Mr.  Elwes  succeeded  to  the  pro- 
perty of  his  uncle,  which  amounted  to  no  less 
j£250,000.  Yet  this  wretched  man,  notwith- 
standing his  immense  wealth,  denied  himself 
of  almost  every  comfort,  in  order  to  increase 
his  store.  He  would  walk  home  in  the  rain 
in  London,  rather  than  pay  a  shilling  for  a 
coach ;  he  would  sit  in  wet  clothes  sooner 
than  have  fire  to  dry  them  ;  he  would  eat  his 
provisions  in  the  last  stage  of  putrefaction, 
sooner  than  have  a  fi-esh  joint  from  the 
butchers ;  and  ^  \  wore  a  wig  for  a  certain 
time,  which  his  biographer  saw  him  pick  up 
out  of  a  rut  in  a  lane  where  they  were  riding ; 
which  had  all  the  appearance  of  the  cast-ofF 
wig  of  some  beggar.  When  setting  out  on  a 
journey,  his  first  care  w^as  to  put  two  or  three 
eggs,  boiled  hard,  into  his  great-coat  pocket, 
or  any  scraps  of  bread  which  he  found ;  then 
mounting  his  horse,  his  next  attention  was  to 
get  out  of  London  into  that  road  where  turn- 
pikes were  the  fewest;  then  stopping  under 
any  hedge  whose  grass  presented  stuff  for  his 
horse,  and  a  httle  water  for  himself,  he  would 
sit  down  and  refresh  himself  and  his  horse 
together,  without  ever  once  stopping  on  the 
road  at  any  house.  Two  of  his  residences 
he  chiefly  visited  were,  March  am  in  Suffolk, 
and  another  in  Berkshire.  Marcham  was  the 
place  he  most  frequently  visited  as  he  advanced 
in  life;  for  this  reason,  that  the  journey  into 
Suffolk  cost  him  only  two  pence  halfpenny, 
while  that  into  Berkshire  amounted  to  four 
pence.  To  save  fire  he  would  walk  about 
the  remains  of  an  old  green-house,  or  sit  with 
a  servant  in  the  kitchen.  During  the  harvest, 
he  would  go  into  the  fields  to  glean  the  corn 
on  the  grounds  of  his  own  tenants,  and  they 
used  to  leave  a  little  more  than  common,  to 
please  the  old  gentleman,  who  was  as  eager 
after  it  as  any  pauper  in  the  parish.  In  the 
advance  of  the  season,  his  morning  employ- 
ment was  to  pick  up  any  stray  chips,  bones, 
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*r  other  things,  to  carry  to  the  fire  in  Piis 
pocket ;  and  he  was  one  day  surprised  by  a 
neighbouring  gentleman,  hi  the  act  of  puhing 
down,  with  some  difficulty,  a  crow's  nest  for 
this  purpose.  On  the  gentleman  wondering 
why  he  would  give  himself  this  trouble,  "  Oh  ! 
sir,"  he  replied,  "it  is  really  a  shame  that 
those  creatuies  should  do  so.  Do  but  see 
what  a  waste  they  make— they  don't  care 
how  extravagant  they  are." 

As  he  approached  to  the  close  of  life,  his 
avaricious  disposition  increased,  and  his  penu- 
rious habits  became  still  more  inveterate.  He 
used  still  to  ride  about  the  country  on  one  of 
his  mares,  but  he  rode  her  on  the  soft  turf, 
adjoining  the  road,  to  save  the  expense  of 
shoes,  as  he  observed,  "  the  turf  is  very  plea- 
sant for  a  horse's  foot."  When  any  gentleman 
called  to  pay  him  a  visit,  and  the  stable-boy 
was  profuse  enough  to  put  a  little  hay  before 
the  horse,  old  Elwes  would  slyly  steal  back 
into  the  stable,  and  take  the  hay  very  carefully 
away.  He  would  continue  to  eat  game  in 
the  last  state  of  putrefaction,  and  meat  that 
walked  about  his  plate,  rather  than  have  new 
things  killed  before  the  old  provision  wag 
finished — a  species  of  provisions  not  alto- 
gether unsuitable  to  so  degraded  a  mind. 
During  this  period,  he  one  day  dined  upon 
the  remaining  part  of  a  moor-hen,  which  had 
been  brou,s?ht  out  of  the  river  by  a  rat ;  and 
soon  after  ate  an  undigested  part  of  a  pike, 
which  a  larger  one  had  swallowed,  but  had 
not  finiv«hed,  and  which  were  taken  in  this 
state  in  a  net — remarking  to  a  friend  with  a 
kind  of  satisfaction,  "  Ay  !  this  is  kiUing  two 
birds  with  one  stone."  It  is  supposed  that  if 
his  manors  and  some  grounds  in  his  own 
hands  had  not  furnished  a  subsistence,  where 
he  had  not  any  thing  actually  to  buy,  he 
would  have  suffered  himself  to  have  starved 
rather  than  have  bought  any  thing  with 
•money.  His  dress  was  in  unison  with  his 
mode  of  living.  He  would  walk  about  in  a 
tattered  brown-coloured  hat,  and  sometimes 
in  a  red  and  white  coloured  cap,  like  a  pri- 
soner confined  for  debt.  His  shoes  he  would 
never  suffer  to  be  cleaned,  lest  they  should  be 
worn  out  the  sooner ;  but  still,  with  all  this 
self-denial,  he  thought  he  was  too  profuse, 
and  would  frequently  say,  "  he  must  b<  a  little 
more  careful  of  his  property."  His  disquietude 
on  the  subject  of  money  was  now  continual. 
When  he  went  to  bed,  he  would  put  five  or 
six  guineas  into  a  bureau,  and  then  feel  of 
his  money,  after  he  had  retired  to  rest,  and 
sometimes  in  the  middle  of  the  night,  he 
would  come  down  to  see  if  it  was  there. 
Money  was  n.tw  his  only  thought;  he  rose 
upon  money — upon  money  lay  down  to  rest. 
He  would  carefully  wrap  up  a  few  guineas, 
in  various  papers,  and  deposit  thorn  in  diUerent 
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corners,  and  then  run  from  one  to  the  other 
to  see  whether  they  weie  all  safe ;  then  for- 
getting where  he  had  concealed  some  of  them, 
he  would  become  as  seriously  afflicted  as  a 
man  might  be  who  had  lost  all  his  property. 
During  the  last  winter  of  his  life,  he  would 
frequently  be  heard  at  midnight,  as  if  strug- 
gling with  some  one  in  his  chamber,  and  cry- 
ing out,  "  I  will  keep  my  money ;  I  will  j 
nobody  shall  rob  me  of  my  property."  At 
length,  on  the  26th  November,  1789,  expired 
this  miserably  rich  man,  while  absorbed  in  his 
avaricious  propensities,  leaving  to  the  world 
a  most  striking  and  melancholy  example  of 
the  miserable  and  debasing  effects  of  covet- 
ousness.  At  his  death,  his  property  amounted 
to  above  eight  hundred  thousand  pounds^ 
which  were  soon  dispersed  throughout  all 
parts  of  England.* 

Such  examples  may  be  considered  as  in- 
tended by  Divine  Providence  to  show  us  the 
wretched  and  degraded  condition  to  which 
avarice  reduces  the  soul  of  man,  and  to  serve 
as  beacons  to  guard  us  against  the  influence 
of  this  debasing  and  soul-ruining  propensity. 
For  it  is  impossible  for  a  soul  thus  absorbed 
in  the  accumulation  of  money  to  love  its 
Creator  or  its  fellow-creatures,  or  to  submit- 
to  the  requisitions  of  the  gospel ;  and  conse- 
quently it  must  be  altogether  unfit  for  engag- 
ing in  the  subhme  exercises  of  the  heavenly 
world,  and  for  relishing  the  enjoyments  of 
that  "  inheritance  which  is  incorruptible  and 
that  fadeth  not  away."  The  service  of  God 
and  mammon  are  absolutely  irreconcilable  \ 
and  the  man  who  devotes  himself  to  the  lat- 
ter, by  his  own  act  renders  himself  unfit  for 
being  a  partaker  of  the  inheritance  of  the 
saints  in  light.  Than  such  a  man  there  can 
scarcely  be  presented  a  more  pitiable  picture 
of  human  depravity  and  degradation.  An 
immortal  mind  grovelling  in  the  dust,  and 
having  for  its  highest  aim  to  heap  up  treasures 
which  are  never  to  be  enjoyed  !  and  despising 
those  incorruptible  riches  which  shall  endure 
forever !  what  folly  can  be  compared  to  the 
conduct  of  such  an  infatuated  mortal  ? 

"Oh.  rurspd  lupt  of  Gold  !  wlien  for  thy  3nke 
The  fool  throws  up  hi?;  interest  in  both  worlds  ; 
Fifist  starved  in  this,  then  damned  in  that  to  come.** 

Who  that  ever  tasted  the  pleasures  of 
knowledge,  or  felt  the  sweets  of  beneficence^ 
or  the  comforts  of  religion,  can  but  pity  the 
poor  wretch  whose  soul  is  chained  to  earthly 
treasures,  and  tortured  on  the  rack  of  avarice  1 
And,  let  it  be  remembered,  that  although  the 
examples  related  above  are  extreme  cases,  yet 
the  principle  of  covetousness  is  the  same  in 
every  individual  in  whose  heart  it  predomi" 

*  Selected  from  Topham*8  **  Life  of  John  EUv««» 
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nates,  and  it  is  owing  only  to  certain  restrain- 
hjg  circumstances,  that  it  does  not  carry  them 
to  the  same  stage  of  misery  and  degradation, 
as  in  the  instances  I  have  now  related.  Let 
this  depraved  principle  be  let  loose  to  operate 
without  control,  and  it  is  impossible  to  depict 
the  miseries  and  degradations  of  hnman  cha- 
racter that  would  follow  in  its  train.  The 
world  would  soon  become  an  immense  acel- 
dama,  and  its  inhabitants  a  society  of  fiends, 
fit  only  to  be  the  companions  of  the  prince  of 
darkness,  and  his  infernal  legions. 

2.  Another  way  in  which  Covetousness 
operates,  even  among  professed  Christians,  is, 
in  gratifying  a  desire  for  ostentatious  dis- 
play, and  a  spirit  of  pride  and  amtntion. 

The  Creator  evidently  intended  that  his 
creatures  should  be  suitably  clothed  and  ac- 
commodated with  comfortable  habitations  ;  for 
he  has  replenished  the  earth  with  every  thing 
requisite  for  those  purposes  ;  and  were  proper 
arrangements  made  in  the  social  state,  and  be- 
nevolence as  frequently  displayed  as  the  prin- 
ciple of  avarice — all  the  ranks  of  mankind 
would  be  comfortably  clothed,  and  conve- 
niently accommodated.  A  spirit  of  covetous- 
ness is  not  necessarily  connected  with  a  desire 
after  decent  apparel  and  comfortable  dwellings, 
nor  with  those  exertions  which  are  requisite 
to  procure  them.  But  when  I  behold  a  pro- 
fessed Christian  decking  himself  and  family 
with  gaudy  attire,  replenishing  his  dwelling 
with  the  most  expensive  furniture,  erecting  a 
huge  mansion,  superior  to  those  of  all  his 
neighbours,  and  sufficient  to  accommodate 
three  or  four  families — contenting  himself  at 
the  same  time  with  subscribing  half  a  guinea 
a  year  for  a  religious  or  philanthropic  institu- 
tion, and  so  eagerly  engaged  in  the  pursuit  of 
wealth,  that  time  is  scarcely  left  for  mental 
improvement  or  family  religion — I  cannot 
help  drawing  the  conclusion,  that  covetous- 
ness is  a  principle  which  rules  in  such  a  mind 
for  the  purpose  of  fostering  a  spirit  of  vanity 
and  pride,  and  a  desire  for  w^orldly  ostentation 
and  parade.  I  have  seen  in  the  house  of  a 
professor  of  religion,  whose  income  did  not 
exceed  j£150  a  year,  an  article  of  furniture, 
of  no  great  utility,  which  cost  twenty  or 
thirty  guineas,  while  a  sixth  part  of  this  sum 
would  have  been  sufficient  to  have  procured 
a  neat  article  to  have  answered  every  purpose 
for  which  it  was  intended.  Yet  if  the  indi- 
vidual had  been  urged  to  subscribe  a  guinea 
for  a  benevolent  institution,  it  would  have 
been  refused  as  a  most  extravagant  demand. 
I  have  seen  a  single  flat  of  a  house  furnished, 
at  an  expense  of  seven  or  eight  hundred 
guineas,  where  there  was  scarcely  a  family  to 
occupy  it,  and  where  the  proprietor,  in  all 
probability,  never  gave  the  tenth  part  of  this 
siun  to  the  purposes  of  religion  or  human  im- 
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provement.  Without  calling  in  question  lh# 
right  of  those  to  whom  God  hath  given  wealth 
and  riches,  to  adorn  their  mansions  with 
splendid  furniture  or  decorations,  it  may  still 
be  proper  to  inquire,  if  the  paltry  sum  gene- 
rally given  by  many  such  persons  for  the  pur- 
poses of  philanthropy,  be  at  all  proportionable 
to  the  expenses  incurred  in  pDcuring  siich 
costly  articles  and  decorations.  Is  it  the  [rirt 
of  a  Christian  man  to  be  so  liberal  and  even 
extravagant  in  his  external  trapp&ngs,  while 
he  can  scarcely  be  induced  to  put  his  hand 
into  his  pocket  to  supply  the  means  of  propa- 
gating the  gospel  through  the  world, — and 
vs^hile  the  one  half  of  his  superfluities  would 
be  hailed  as  a  precious  boon  for  this  purpose  '^ 
To  such  persons  we  might  applythe  wordM 
of  the  prophet  Haggai,  "  Is  it  time  for  you, 
O  ye,"  fashionable  Christians,  "  to  dwell  in 
your  decorated  houses,  and  this  house  of  the 
Lord  lie  waste]  Therefore,  thus  saith  the 
Lord  of  Hosts,  Consider  your  ways.  Ye 
have  sown  much,  and  bring  in  little ;  ye  eat, 
but  ye  have  not  enough  ;  ye  drink,  but  ye  are 
not  filled  with  drink ;  ye  clothe  you,  but  there 
is  no  warm ;  and  he  that  earneth  wages, 
earneth  wages  to  put  them  in  a  bag  full  of 
holes."  In  the  course  of  his  providence, 
God  frequently  causes  such  persons  to  behold 
their  sin  in  their  punishment,  by  blasting  their 
hopes  of  worldly  gain,  and  sweeping  away 
their  treasures  by  unforeseen  accidents  and 
adverse  dispensations.  Such  was  the  case  in 
the  days  of  Haggai,  when  the  people  refused 
to  exert  themselves  in  rebuilding  the  temple. 
"  Ye  looked  for  much,  and  lo,  it  came  to  little, 
and,  when  ye  brought  it  home,  I  did  blow 
upon  it.  Why  1  saith  the  Lord  of  Hosts ; 
because  of  mine  house  which  is  waste ;  and 
ye  run  every  man  unto  his  own  house." 
With  how  much  propriety  may  such  declara- 
tions be  applied  to  many  religionists  in  our 
times,  when  there  are  so  many  urgent  calls  to 
arise  and  build  the  New  Testament  Church, 
and  extend  its  boundaries — and  who  yet  run 
every  one  to  his  "  decorated  houses,"  to  in- 
dulge in  ease  and  luxury,  wliilc  the  extension 
of  the  house  of  God  and  the  reparation  of  its 
desolations  require  their  most  vigorous  exer- 
tions 1  The  money  which  is  wasted  in  unne- 
cessary decorations,  in  regard  to  dress  and 
furniture,  and  other  superfluities,  even  by 
Christians — were  it  collected  into  one  sum, 
would  amount  to  far  more  than  the  whole  of 
the  funds  belonging  to  all  the  Religious  and 
Philanthropic  institutions  of  the  British  Em- 
pire, and  may  be  considered  as  nothing  lesa 
than  a  robbery  of  the  Most  High  of  his  "  tithes 
and  offerings." 

3.  Covetousness  manifests  itself  undfer  pre^ 
terice  of  providing  suitable  portions  for  chil 
dren. 


Hosted  by  Google 


ON  THF  EFFECTS  OF  COVETOUSNESS. 


27 


This  is  a  very  common  apology  for  the  keen 
prosecution  of  wealth,  and  the  anxious  care 
which  is  exercised  in  securing  it.  In  most 
instances,  however,  it  is  nothing  more  than  a 
cloak  to  cover  the  vile  principle  of  covetous- 
ness,  when  it  is  beginning  to  sway  its  sceptre 
over  the  mind.  But,  supposing  a  regard  for 
the  temporal  interests  of  children  to  mingle 
itself  with  a  covetous  affection,  the  practice 
of  laying  up  fortunes  for  children,  so  as  to 
make  them  independent,  is  both  injudicious, 
and  immoral  in  its  general  tendency.  Every 
parent  ought  to  give  his  children  a  good  edu- 
cation, so  far  as  in  his  power,  and  above  all 
things,  "train  them  up  in  the  nurture  and 
admonition  of  the  Lord."  So  far  as  his  cir- 
cumstances permit,  he  should  indulge  them  in 
every  innocent  enjoyment;  and  when  they 
are  beginning  business  or  setting  up  in  life, 
he  may  afford  them  as  much  money  as  he  can 
spare  for  enabling  them  to  conduct,  with  suc- 
cess, the  professions  or  employments  in  which 
they  engage.  This  is  nearly  all  that  a  Chris- 
tian parent  should  be  anxious  to  accomplish, 
in  reference  to  the  temporal  condition  of  his 
children.  For,  when  a  young  man  has  re- 
ceived an  education  suitable  to  his  station, 
and  adequate  allowance  for  the  commence- 
ment and  prosecution  of  his  business,  and  is, 
at  the  same  time,  given  to  understand  that  the 
whole  of  his  future  happiness  and  success  in 
life  will  depend  upon  his  own  prudence,  ex- 
ertions and  moral  conduct, — he  will  more 
readily  apply  the  powers  of  his  mind  to  his 
profession,  and  attend  to  the  dictates  of  pru- 
dence, than  if  he  had  a  constant  dependence 
on  the  wealth  and  support  of  his  parents, 
whatever  conduct  he  might  pursue.  Every 
young  person  should  be  taught  that  he  has  a 
certain  part  to  act  in  the  world,  for  which  he 
is  accountable  to  the  great  Lord  of  all — that 
his  happiness  or  misery  in  this  world,  (under 
God,)  is  dependent  upon  himself  and  the 
course  he  pursues — that  he  ought  not  to  live 
merely  for  the  gratification  of  his  own  humour 
or  pleasure,  but  for  the  good  of  mankind — 
and  that  there  are  certain  physical  and  moral 
laws  which  he  can  never  violate  without  feel- 
mg  a  corresponding  punishment. 

But,  if  a  parent  act  on  a  different  principle ; 
if  he  indulge  his  covetous  disposition  for  the 
purpose  of  enriching  his  children,  and  give 
them  reason  to  expect  that  they  shall  inherit 
wealth  and  independency,  when  he  shall  have 
left  the  world,  the  worst  consequences  may 
ensue,  both  to  himself  and  to  his  offspring. 
When  children  begin  to  discover  that  the 
penurious  disposition  of  their  parents  is  a 
mean  cringing  vice,  they  will  be  led  to  con- 
clude that  extravagance  is  a  virtue,  and  thus 
n  broad  path  will  be  opened  for  licentious 
conduct   in   the   future   part  of   their   lives, 


They  are  trained  up  in  the  idea,  that  their 
parents  are  accumulating  a  mass  of  wealth, 
which  they  are  destined  one  day  to  spend, 
and  they  live  under  restraints  and  privations, 
which  they  hope  the  death  of  their  parents 
will  soon  remove.  The  children  of  very 
covetous  parents  are  frequently  found  in  this 
situation.  The  old  men  die,  and  we  imme- 
diately behold  the  children  entering  on  the 
career  of  gaiety  and  licentiousness,  and  run- 
ning headlong  to  poverty  and  destruction ; 
and,  instead  of  feeling  grateful  to  their  parent 
for  the  riches  he  had  accumulated,  can 
scarcely  conceal  their  joy,  that  they  are  re- 
moved from  under  his  restraints.  The  mo- 
ment of  his  death,  is  the  signal  for  the  plunder 
of  his  penurious  savings.  "  I  never  knew  the 
son  of  a  miser,"  says  a  certain  writer,  "  either 
feeling  or  expressing  the  least  gratitude  for 
the  means  which  his  father  had  employed  to 
amass  his  fortune.  The  heir  of  this  kind  of 
wealth  receives  it  as  a  debt  which  has  been 
long  due,  and  which  has  been  recovered  by  a 
vexatious  law-plea.  He  may  dispute  the 
sum,  but  he  will  not  esteem  the  person  who 
has  prevented  him  from  enjoying  it."  Many 
examples,  were  it  expedient,  might  be  pro- 
duced to  illustrate  the  fact,  that  the  riches  of 
the  covetous  man,  after  his  death,  "make 
themselves  wings  and  fly  away,"  and  that 
those  to  whom  they  are  left,  too  frequently 
"  fall  into  snares  and  drown  themselves  in 
destruction  and  perdition." 

It  is  truly  astonishing,  that  so  many  indi- 
viduals are  to  be  found,  whose  faculties  are 
unimpaired,  who  appear  in  other  respects  men 
of  sense,  and  profess  a  decent  respect  for  the 
ordinances  of  religion,  and  3^et  allow  the  love 
of  money,  and  the  absurd  desire  of  heaping 
up  useless  wealth,  to  triumph  over  every 
rational  and  religious  principle.  When  we 
speak  to  them  on  the  subject,  they  attempt  to 
silence  every  argument  by  expatiating  on  the 
necessity  of  providing  for  their  children,  as  if 
they  wished  to  prove  that  money  is  a  better 
provision  than  training  them  in  intelligence, 
and  in  moral  and  religious  habits,  and  in 
rendering  them  meet  to  be  heirs  of  a  blessed 
immortality.  Now,  even  in  a  temporal  point 
of  view,  nothing  can  be  more  injurious  to  a 
young  man,  than  to  leave  him  such  a  poition 
of  wealth  as  will  render  him,  in  the  language 
of  the  world,  independent,  especially  if  he 
have  little  relish  for  rational  and  religious 
pursuits.  He  has  no  stimulus  for  cultivating 
his  intellectual  and  moral  powers;  his  time 
frequentl}^  lies  heavy  on  his  hands;  to  pro- 
mote the  physical  or  moral  comfort  of  others, 
forms  no  part  of  his  plan  ;  his  faculties  become 
benumbed ;  he  becomes  a  prey  to  the  crafly 
and  licentious;  he  wanders  about  from  one 
place  to  another,  and  from  one  pleasure  tc* 
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another^  witlioul  any  defined  object  in  view, 
but  the  gratification  of  his  humours ;  he  feels, 
on  the  wiioie,  but  little  enjoyment,  for  this  is 
only  to  be  founf^  in  mental  and  bodily  activity  ; 
he  gives  up  at  length  to  licentious  habits  and 
sensual  indulgences;  his  resources  begin  to 
be  diminished — he  feels  pecuniary  embarrass- 
ments ;  his  pleasures  are  interrupted,  and  his 
mi.^;eries  increase ;  and  thus  he  passes  through 
life  in  a  fretful  humour,  without  rational  en- 
joyment, and  without  contributing  to  the  good 
of  others.  Such  is  too  frequently  the  case 
with  the  children  of  those  who  have  worn 
themselves  out  in  avaricious  activity,  and  de- 
prived themselves  of  almost  every  comfort,  in 
order  to  lay  up  an  inheritance  for  their  off- 
spring. 

Every  young  man,  even  the  son  of  a  noble- 
man, should  be  taught  that  he  is  placed  in  a 
scene  of  action,  as  well  as  of  enjoyment ;  that, 
to  contribute  to  the  good  of  society,  ought  to 
be  one  main  object  of  his  life;  and,  that 
although  he  may  not  need  to  earn  his  sub- 
sistence by  the  labour  either  of  his  hands  or  of 
his  mind — he  ought  to  engage  in  some  honour- 
able pursuit,  which  may  tend  to  promote  his 
own  happiness,  the  improvement  of  society, 
and  the  glory  of  his  Maker.  Even  the  sons 
of  the  most  opulent  ought  not  to  consider  it 
as  a  degradation  to  learn  a  mechanical  em- 
ployment, and  to  apply  their  corporeal  powers, 
occasionally,  to  useful  industry.  Among  many 
other  advantages,  it  might  tend  to  strengthen 
their  animal  system,  to  invigorate  their  minds, 
and  to  enable  them  to  form  a  judicious  esti- 
mate of  the  value  of  mechanical  inventions, 
and  of  the  employments  and  intercourses  of 
general  society.  And  their  earnings  might 
become  a  source  of  wealth  for  carrying  for- 
ward improvements,  and  adding  spirit  and 
vigour  to  every  philanthropic  movement. 
With  regard  to  the  female,  members  of  a 
family;  if  a  parent  have  any  wealth  or  in- 
heritance to  Iqave,  the  greater  part  should  bo 
bestowed  on  them,  as  they  are  neither  so  well 
adapted  by  Nature  for  active  labour,  nor  have 
the  same  op})ortunities  as  the  male  branches, 
for  engaging  in  business  and  increasing  their 
store.  Yet,  even  the  female  sex,  in  the 
higlier  ranks,  ought  not  to  consider  them- 
selves as  exempted  from  any  labours  to  which 
they  are  competent,  and  in  which  they  may 
promote  the  best  interests  of  mankind.  In 
short,  it  may  be  laid  down  as  a  kind  of  maxim, 
that  a  great  fortune  bestowed  upon  a  young 
man  is  one  of  the  greatest  evils  than  can  befal 
him,  unless  he  make  it  one  of  his  great  objects 
to  devote  a  considerable  portion  of  it  to  the 
good  of  society;  and,  that  /a6oi*r,  both  of 
body  and  rnind,  is  essential  to  the  ti'ue  happi- 
ness of  man. 

4  Covetousness  displays  itself  on  an  ©x- 
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tensive  scale,  and  in  an  innumerable  variety' 
of  modes— m  the  various  mercantile  trans 
actions  of  mankind* 

It  would  be  impossible  to  describe  all  the 
variety  of  manoeuvres  by  which  (^ovetousnes* 
is,  in  this  way,  displayed,  even  by  multitudes 
who  consider  themselves  as  followers  of 
Christ ;  and,  therefore,  I  shall  only  glance  at 
some  of  the  nefarious  means  which  are  fre- 
quently employed.  Among  other  well-known 
practices,  are  the  following :  varnishing  over 
deteriorated  articles  with  a  fair  outside,  in 
order  to  deceive  the  purchaser,  and  to  prevent 
the  real  state  of  the  commodity  from  being 
perceived.  Hence,  a  pound  of  butter  has 
frequently  been  found  with  a  quantity  of 
Scotch  porridge  in  its  interior;  milk  mixed 
with  chalk  and  water;  sugar  mixed  with 
white  sand ;  the  under  part  of  a  chest  of  tea 
of  an  inferior  quaUty  to  that  of  the  top ;  and 
many  such  frauds  and  deceptions,  best  known 
to  the  nefarious  trader.  Other  practices  are, 
taking  advantage  of  ignorance  to  pass  off  an 
unsaleable  commodity,  and  asking  more  than 
the  just  value  of  whatever  is  offered  for  sale ; 
in  a  merchant  denying  the  goods  which  he 
has  in  his  possession,  when  there  is  the  pros- 
pect of  an  advancing  price ;  in  his  overcharg- 
ing for  the  articles  of  which  he  is  disposing, 
and  undervaluing  those  he  intends  to  pur- 
chase; in  using  light  weights  and  deficient 
measures,  when  there  is  little  prospect  of  their 
being  detected  ;  in  the  jealousies,  slanders,  and 
evil  surmising  which  one  trader  harbours,  and 
endeavours  slyly  to  throw  out  against  another ; 
in  their  attempts  to  extol  their  own  article? 
beyond  their  just  value,  and  to  depreciate  the 
characters  and  the  commodities  of  their  neigh- 
bours; in  their  engaging  in  smuggling  and 
other  unchristian  modes  of  traffic ;  in  taking 
advantage  of  the  necessities  of  tlie  poor  and 
unfortunate,  in  order  to  procure  their  goods  at 
half  their  value ;  in  selling  spirituous  liquors 
to  the  worthless  and  dissipated,  whether  men, 
women,  or  children,  to  swell  the  list  of  "  trans- 
gressors among  men,"  merely  for  the  sake  of 
the  paltry  profit  of  such  a  traffic ;  in  trafficking 
in  wind-bills,  bribing  the  officers  of  justice  for 
the  liberty  of  continuing  a  nefarious  trade,  and 
in  a  thousand  other  modes  which  the  fraudulent 
dealer  alone  is  best  qualified  to  describe.  In 
all  such  transactions,  not  only  is  covetousness 
displayed,  but  a  principle  of  falseJiood  runs 
through  all  his  mercantile  negotiations,  so 
that  every  fraudulent  trader  is  of  necessity  a 
systematic  liar, 

I  have  known  high-flying  professors,  of  reli- 
gion guilty  of  most  of  the  frauds  to  which  I 
now  allude.  I  have  known  a  merchant,  an 
office-bearer  in  a  Christian  church,  who,  by  a 
dexterous  mode  of  measuring  his  cloth,  kopt 
off  nearly  an  inch  firora  every  yard,  and  whs 
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«liarged  a  higher  price  for  his  commodities 
than  any  of  his  neighbours ;  another  of  the 
same  pretensions,  who  seemed  to  consider 
himself  as  hoHer  than  others,  who  possessed 
a  considerable  quantity  of  wealth  along  with 
a  good  business,  and  who  could,  notwithstand- 
ing, degrade  himself  and  gratify  his  avarice, 
by  selling  drams  and  gills  of  whiskey  and  gin 
over  his  counter,  to  dissipated  women,  and  all 
others  who  chose  to  be  his  customers  I  have 
seen  such  practices  in  the  shop  eve?  of  the 
mayor  of  a  large  town,  who  was  also  a  distin- 
guished member  of  the  church.  I  have  known 
atheis  of  similar  religious  pretensions,  who 
have  engaged  in  smuggling  spirituous  liquors, 
paper,  teas,  and  other  commodities,  who  have 
even  forged  excise  stamps,  and  who  seemed 
to  consider  such  practices  as  nowise  inconsis- 
tent with  the  principles  of  Christianity.  I 
have  known  such  whose  weights  and  mea- 
sures were  deficient,  whose  quartern  loaves 
were  from  five  to  ten  ounces  below  the  just 
standard,  and  whose  butter,  when  exposed  to 
sale  in  the  public  market,  has  been  frequently 
seized  by  police  ofhcers,  on  account  of  its  de- 
ficiency in  weight.  I  have  seen  the  confi- 
dence of  their  brethren  in  this  way  grossly 
abused  by  their  assumed  character  of  piety 
and  rectitude,  and  have  been  sometimes  tempt- 
ed to  suspect  the  honour  and  honesty  of  every 
one  who  made  high  pretensions  to  sanctity 
and  evangelical  religion.  Yet  many  such 
nefarious  practices  are  overlooked  in  Chris- 
tian churches,  as  scarcely  worthy  of  censure, 
especially  if  the  guilty  individuals  have  a 
large  shave  of  wealth,  and  regularly  attend 
the  public  ordinances  of  religion.  M^ere  it 
expedient  in  the  present  case,  numerous  ex- 
amples of  the  above  description  might  be 
brought  forward. 

Another  way  in  which  merchants  display 
their  covetous  disposition  is,  by  toiling  their 
apprentices  and  servants,  and  confining  them 
for  so  many  long  hours,  that  their  health  is 
injured,  and  their  intellectual  and  religious 
improvement  prevented.  I  have  known  ap- 
prentices not  above  thirteen  years  of  age, 
confined  in  shops  from  seven  in  the  morning 
till  twelve  at  midnight,  and  sometimes  to  an 
early  hour  in  the  morning,  and  having  scarcely 
two  hours  out  of  the  twenty  four  alloted  them 
for  meals;  and  that  too,  by  merchants  who 
made  a  splendid  profession  of  piety,  and  vvere 
considered  as  pillars  of  Dissenting  churches. 
By  such  comhict  young  persons  are  not  only 
deprived  of  that  recreation  which  is  necessary 
to  the  vigour  of  their  animal  system,  but  pre- 
v(;  nted  from  attending  the  means  of  moral  and 
religious  instruction,  and  from  storing  their 
minds  with  that  knowledge  which  they  ought 
to  possess  as  rational  and  immortal  beings. 
li,  ill   the  present  state  of  things,  merchants 


and  others  require  so  long  continued  drudgery 
from  their  servants,  other  arrangements  onght 
to  be  made,  and  additional  servants  or  appren- 
tices procured,  so  that  a  moderate  and  reason- 
able service  only  should  be  required  from  them. 
But  such  arrangements  would  run  counter  to 
the  principle  of  avarice.  Similar  practices 
have  long  been  complained  of  in  regard  to 
many  of  our  spinning-mills,  and  other  public 
manufactories,  and  yet  they  have  been  de- 
fended by  Christian  men,  as  if  the  labouring 
classes  were  to  be  considered  in  no  other  light 
than  as  mere  animal  machines,  or  as  beasts 
of  burden.  Covetousness  likewise  displays 
itself  in  keeping  open  shops  to  late  hours,  and 
thus  preventing  families,  servants,  shopmen, 
and  apprentices  from  domestic  enjoyment, 
and  from  the  means  of  rational  improvement ; 
and,  when  measures  have  been  concerted  to 
put  a  stop  to  this  evil,  I  have  known  two  or 
three  professed  Christians,  by  their  obstinacy 
and  avaricious  disposition,  disconcert  every 
plan  which  had  been  formed  for  this  purpose. 

5.  The  covetous  principle,  conjoined  with 
glaring  acts  of  inhumanity  and  injustice,  is 
frequently  displayed  in  cases  q/*BANKiiuPTCT 

How  frequently  do  we,  find  persons  estab- 
lishing an  extensive  business  on  credit  when 
they  have  no  funds  of  their  own  ;  using  wind- 
bills  and  sometimes  forgeries;  furnishing  ele- 
gant houses  with  money  which  is  not  their 
own  ;  living  in  luxury  and  splendour;  dashing 
along  in  gigs  and  landaus ;  entertaining  friends 
with  sumptuous  dinners,  and  indulging  in  all 
the  fashionable  follies  of  life,  till,  in  the  course 
of  two  or  three  years,  they  are  run  aground 
and  declared  to  be  Bankrupts,  who  can 
scarcely  pay  a  dividend  of  three  shillings  a 
pound.  Previous  to  such  bankruptcies,  many 
cases  of  fraud  and  injustice  very  frequently 
occur.  I  have  known  office-bearers  in  Chris- 
tian churches,  distinguished  for  their  high  pre- 
tensions to  religion  and  piety,  who,  only  a 
few  day  previous  to  their  failure  in  business, 
have  borrowed  pretty  large  sums  of  money, 
and  that,  too,  even  from  an  industrious  me- 
chanic, who  was  induced,  by  deceitful  words, 
to  lend  the  whole  of  what  he  had  accumulated 
by  industry  and  economy,  during  a  course  pf 
many  years, — scarcely  a  fraction  of  which  was 
ever  recovered.  In  such  cases  we  not  unfic- 
quently  behold  selfishness  assuming  a  vast 
variety  of  forms  ;  practising  low  cunning  and 
dishonesty,  resorting  to  all  possible  shifts  of 
duplicity,  to  prolong  the  credit  of  a  tottering 
establishment ;  concealing  property  which  be- 
longed to  others,  or  secretly  disposing  of  it  at 
half  its  value ;  dealing  in  contraband  articles, 
defrauding  government  of  its  revenues,  de- 
ceiving the  unwary,  weaving  a  web  of  entan- 
glement throughout  every  de])artment  of  the 
mercantile  concern,  gathering  up  payments 
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of  money  and  merchandise  against  the  crisis 
which  is  approaching,  and  implicating  friends 
and  acquaintances,  and  even  the  poor  indus- 
trious labourer  in  their  concerns,  and  involv- 
ing them  in  the  impending  ruin.  If  such 
were  the  practices  merely  of  professed  worldly 
men,  we  might  cease  to  wonder.  But,  alas ! 
such  wiles  and  shufflings  and  dishonesties,  are 
too  frequently  displayed  by  those  who  profess 
to  be  seeking  after  an  incorruptible  inherit- 
ance. 

But  the  exhibition  of  covetousness  and  dis- 
honesty does  not  end  at  the  period  of  bank- 
ruptcy. After  a  legal  settlement  has  been 
obtained,  and  business  resumed,  similar  exhi- 
bitions are  repeated.  I  have  known  many 
individuals,  belonging  both  to  the  established 
church  and  to  dissenters,  men  whose  profes- 
sions of  religion  were  ostentatious  and  glaring ; 
who,  after  having  become  bankrupts,  lived  as 
luxuriously,  dressed  as  gaily,  gave  their  chil- 
dren as  fashionable  an  education,  and  set 
them  up  in  as  lucrative  professions,  as  if  no 
such  event  had  taken  place.  I  have  known 
others  who,  after  having  paid  six  or  seven 
shillings  on  the  pound,  and  been  permitted  to 
resume  trade,  have,  in  the  course  of  a  few 
years,  purchased  heritable  property  to  a  con- 
siderable amount,  without  ever  thinking  of 
restoring  to  their  creditors  a  single  shilling 
of  what  they  had  lost  by  their  bankruptcy. 
Because  they  obtained  a  settlement  from  their 
creditors,  and  therefore  are  not  legally  bound 
to  refund  their  loss,  thercfen-e,  they  imagine 
that  they  are  under  no  moral  obligation  to 
perform  such  an  act  of  ^ia^t^ra/ justice.  The 
cases  of  this  kind  which  daily  occur,  are  so 
numerous  and  striking,  that  it  would  be  need- 
less to  condescend  to  particular  instances.  It 
is  little  short  of  a  libel  on  the  moral  percep- 
tions of  general  society,  and  particularly  on 
the  Christian  world,  that  a  man  voluntarily 
coming  forward  and  settling  with  his  creditors, 
when  he  is  not  legally  bound  to  do  so,  should 
be  considered  ps  a  kind  of phe7io7nenon  in  the 
commercial  world,  and  worthy  of  being  pub- 
lished in  every  newspaper,  when  it  is  nothing 
more  than  what  a  sense  of  natural  justice 
would,  in  all  cases,  obviously  dictate.  It  is 
true,  indeed,  that  the  men  of  the  world  seldom 
consider  such  cases  as  I  have  alluded  to,  as 
of  a  criminal  nature  ;  but  it  is  amazing  that 
Christian  churches  should  almost  entirely 
overlook  such  displays  of  covetousness  and 
injustice,  and  inflict  no  censure  on  the  offend- 
ers, notwithstanding  the  malignant  and  anti- 
christian  dispositions  and  practices  with  which 
they  are  associated. 

6.  There  is  too  frequently  a  striking  dis- 
play of  covetousness  in  the  case  of  many  of 
the  ministers  of  religion. 

Not  to  mention  the  buying  and  selling  of 
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benefices  and  other  Simoniacal  prartices^* 
which  have  long  abounded,  and  whi(;h  have 
tended  to  throw  disgrace  on  the  sacred  ofHce ; 
there  are  many  other  ways  in  which  worldly- 
mindedness  is  manifested  by  not  a  few  in  this 
class  of  Christian  society.  Although  I  wish 
to  speak  with  the  greatest  respect  of  the  mir>- 
isters  of  the  church,  on  account  of  the  sanctity 
and  importance  of  the  sacred  office,  for  which 
no  one  entertains  a  higher  veneration  ;  yet  I 
cannot  shut  my  eyes  to  the  many  examples 
around  me,  v/hich  prove  that  not  a  few  Chris- 
tian ministers  are  too  much  actuated  an<l 
directed  in  their  movements,  by  a  won.lly- 
minded  and  avaricious  disposition.  This  pro- 
pensity is  displayed  in  aspirings,  with  the 
utmost  keenness,  after  ecclesiastical  dignities 
and  preferments — not  for  the  sake  of  the 
ditties  connected  with  such  situations,  nor 
with  a  view  of  occupying  a  field  of  more  ex- 
tensive usefulness  ;  but  for  increasing  their 
revenues,  and  living  in  opulence  and  splen- 
dour. The  general  conduct  of  many  to  whom 
I  allude,  their  neglect  of  the  flock  over  which 
they  have  been  made  overseers,,  and  their 
indulgence  in  the  fashionable  pursuits  and 
amusements  of  the  world,  too  plainly  evince 
the  ruling  disposition  of  their  hearts.  Would 
to  God  that  such  persons  would  consider  what 
views  they  will  have  of  such  things,  when 
stretched  upon  that  bed  from  which  they  are 
to  rise  no  more,  and  about  to  enter  the  con- 
fines of  the  eternal  world  !  The  pious  Mr. 
Hervey,  about  four  days  before  his  deaths 
when  Dr.  Stonehouse  paid  him  a  visit,  and 
was  discoursing  on  the  emptiness  of  worldly 
honours  to  an  immortal,  and  on  the  unprofit- 
ableness of  riches  to  the  irreligious,  replied, 
'*  True,  Doctor,  true,  the  only  valuable  riches 
are  in  heaven.  What  would  it  avail  me  now, 
to  be  the  Archbishop  of  Canterbury  1  Dis- 
ease would  show  no  respect  to  my  mitre. 
That  prelate  is  not  only  very  great,  but  I  am 
told,  he  has  religion  really  at  heart.  Yet  it  is 
godliness,  and  not  grandeur,  that  will  avail 
him  hereafter.  The  gospel  is  offered  to  me, 
a  poor  country  parson,  the  same  as  to  his 
Grace.  Oh !  why  then  do  ministers  thus 
neglect  the  charge  of  so  kind  a  Saviour,  fawn 
upon  the  great,  and  hunt  after  worldly  prefer- 
ments with  so  much  eagerness,  to  the  disgrace 
of  our  order  1  These  are  the  things  which 
render  the  clergy  so  justly  contemptible  to  the 
worldlings.  ISFo  wonder  the  service  of  our 
church  has  become  such  a  formal,  lifeless  thing, 
since  it  is,  alas  !  too  generally  executed  by 
persons  dead  to  godliness  in  all  their  conver- 
sation ;  whose  indifference  to  religion,  and 
worldly-minded  behaviour,  proclaim  thp.  little 
regard  they  pay  to  the  doctrines  of  the  Lord, 
who  bought  them." 

The  same  covetous  propensity  is  indicated, 
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when  a  ramister  leaves  an  affectionate  people, 
among  whom  he  has  a  competent  support,  for 
a  larger  and  more  opulent  congregation,  where 
his  income  will  he  considerably  increased.  I 
have  seldom  known  an  instance  in  which  a 
minister  voluntarily  left  his  charge,  unless 
when  he  had  the  prospect  of  a  larger  stipend. 
There  are,  doubtless,  valid  reasons  why  a 
minister  of  the  gospel  may,  with  propriety, 
leave  his  charge;  but  if  he  has  previously 
been  in  moderately  comfortable  circumstances, 
and  if  the  increase  of  income  be  the  chief  or 
only  motive  for  the  change,  there  is  too  much 
reason  to  suspect,  that  a  covetous  disposition 
has  lurked  in  the  breast,  and  has  influenced 
his  decision.  Not  long  ago,  a  dissenting 
pastor  received  a  call  from  a  congregation  in 
a  large  town  where  he  was  offered  a  larger 
stipend  than  he  had  previously  received.  He 
was  generally  beloved  by  his  people,  he  had 
received  from  them  handsome  presents,  as 
testimonials  of  their  gratitude  and  affection ; 
he  received  from  them  an  income  adequate  to 
his  station,  and  to  the  supply  of  every  reason- 
able want ;  they  pressed  him  to  remain,  and 
promised  to  do  every  thing  that  might  promote 
his  comfort.  But,  for  no  other  reason,  appa- 
rently, than  the  prospect  of  about  £50  more 
being  added  to  his  income,  he  parted  with 
them  almost  abruptly,  and  left  them  to  draw 
the  inference,  (which  they  did  not  hesitate  to 
do,)  that  he  had  more  regard  to  his  worldly 
interests  than  to  superintend  the  spiritual  in- 
terests of  an  affectionate  people.  I  am  much 
mistaken  if  even  the  temporal  happiness  of 
such  a  person  shall  be  augmented  by  such 
conduct;  and  if  God,  in  the  course  of  his 
Providence,  does  not  try  him  with  unexpected 
difficulties,  and  rhake  him  behold  his  sin  in 
his  punishment. 

This  covetous  disposition  is  likewise  dis- 
played by  ministers  of  the  gospel  v/hen  they 
take  large  farms  and  engage  with  keenness  in 
the  pursuits  of  agriculture,  and  when  they 
embark  in  extensive  mercantile  concerns  and 
speculations,  for  the  purpose  of  increasing  their 
fortiuies,  and  enabling  them  to  live  in  splen- 
dour and  affluence.  It  is  not  long  since  a 
dissenting  minister  was  advertised  in  the 
newspapers,  among  the  list  of  bankrupts,  as 

"  the  Rev.  Mr.  H ,  Banker  and  Builder  J' 

And,  even  a  Doctor  of  Divinity,  who  enjoyed 
a  handsome  stipend,  and  was  distinguished 
as  a  popular  preacher,  has  been  known  to 
have  embarked  with  eagerness  in  mercantile 
speculations,  connected  with  shipping  affairs, 
spinning  mills,  banking,  building,  and  other 
departments,  for  the  purpose  df  gratifying  a 
worldly  disposition,  and  enabling  him  to  leave, 
at  his  death,  several  thousands  of  pounds  to 
each  member  of  his  family.  Another  of  the 
same  description  has  been  known  to  engage 


in  extensive  agricultural  operations,  in  sur- 
veying and  superintending  roads  and  acting 
as  factor  for  neighbouring  Squires,  in  order 
to  hoard  up  worldly  treasures,  although  hm 
stipend  was  one  of  the  largest  in  the  country 
around..  Indeed,  instances  of  this  descriptior 
are  so  far  from  being  uncommon,  that  they 
are  scarcely  considered  as  inconsistent  with 
the  sacred  office ;  and  a  man,  under  the  influ- 
ence of  such  principles,  will  pass  through  life 
with  a  certain  degree  of  respect  fj'om  the 
church  and  the  world,  as  if  he  had  acted  in 
no  way  inconsistent  with  the  character  of  a 
Christian.  In  the  case  of  such,  the  duties  of 
their  office  generally  form  only  a  subordinate 
object  of  attention.  Another  way  in  which 
covetousness  sometimes  manifests  itself,  espe« 
cially  in  the  case  of  dissenting  ministers,  is — 
their  concealing  certain  important  truths  in 
their  public  ministrations,  and  neglecting  to 
apply  the  principles  and  precepts  of  Chris- 
tianity to  the  particular  cases  of  every  class 
of  gospel-hearers  without  respect  of  persons, 
for  fear  of  offending  certain  leading  indivi- 
duals of  the  church,  and  risking  the  loss  of  a 
portion  of  emolument.  It  is  likewise  mani- 
fested in  winking  at  the  delinquencies  of  men 
of  wealth  and  influence,  in  cringing  to  such 
characters,  and  attempting  to  screen  them 
from  censure  when  their  conduct  demands  it. 
In  all  such  cases  as  those  to  which  I  allude, 
the  conduct  of  a  Christian  pastor  requires  to 
be  guided  by  wisdom  and  prudence.  Bufc 
when  he  clearly  perceives  the  path  of  truth 
and  duty,  he  ought  at  once,  without  fear  of 
consequences,  to  act  on  the  principle  "Fiai 
Justitia  mat  ccelumr  Let  what  is  accordant 
with  eternal  truth  and  righteousness  be  per- 
formed, although  the  mighty  should  rage,  the 
heavens  fall,  and  the  elements  rush  into  con- 
fusion. 

But,  in  general,  it  will  be  found,  that  he 
who  prudently  discharges  his  duty,  trusting 
for  support  in  the  Providence  of  God,  will 
seldom  be  left  to  sink  under  his  difficulties,  or 
to  want  the  means  of  comfortable  support. 
The  conduct  of  the  apostles,  in  such  cases, 
should  be  imitated  by  every  Christian  minister. 
When  Peter  was  brought  before  the  .Jewish 
rulers  io  account  for  his  conduct  in  healing 
the  impotent  man,  and  preaching  the  resur^ 
rection  of  Jesus,  he  boldly  declared,  "  Be  il 
known  to  you  all,  that  by  the  name  of  JeauB 
Christ  of  Nazareth,  whom  ye  crucified,  whom 
God  raised  from  the  dead,  even  hy  him  doth 
this  man  stand  before  you  whole.  This  is  the 
stone  that  was  set  at  nought  of  you  builders, 
which  is  become  the  head  of  the  corner.'^ 
And  when  he  was  commanded  to  teach 
no  more  in  the  name  of  Jesus,  he  replied^ 
with  the  same  fearlessness  of  conseque^ices  j 
"  Whether  it  be  right  in  the  sight  of  God  to 
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hearken  unto  you  more  than  unto  KiiO^,  judge 
ye.  For  I  cannot  but  speak  the  things  which  I 
nave  seen  and  heard."  And  Paul,  when  he 
was  about  to  leave  the  church  of  Ephesus, 
could  declare,  "  I  have  kept  back  nothing  that 
was  profitable  unto  you  ;  I  have  not  shunned 
to  declare  to  you  all  the  counsel  of  God :  I 
have  coveted  no  man's  gold,  nor  silver,  nor 
apparel,  for  these  hands  have  ministered  to 
my  necessities.  I  have  showed  you  all  things, 
how  that  so  labouring  ye  ought  to  support  the 
weak,  and  to  remember  the  words  of  the  Lord 
Jesus,  how  he  said.  It  is  more  blessed  to  give 
than  to  receive."  Were  all  Christian  ministers 
animated  by  the  spirit  which  actuated  these 
holy  apostles,  we  should  seldom  find  pastors 
shrinking  from  their  duty,  from  the  fear  of 
man,  or  from  worldly  motives,  "  shunning  to 
declare  the  whole  counsel  of  God."  Much 
Jess  should  we  ever  behold  men  more  careful 
to  fleece  their  flocks  than  to  feed  them  with 
knowledge — and  who  have  the '  effrontery  to 
receive  many  hundreds,  an"B  even  thousands 
of  pounds  a  year,  as  Christian  ministers  ap- 
pointed to  the  charge  of  souls,  while  yet  they 
spend  their  incomes  in  fashionable  dissipation 
in  foreign  lands,  regardless  of  the  spiritual 
interests  of  those  precious  souls  which  were 
committed  to  their  care.  It  is  by  such  con- 
duct in  the  clerical  order,  that  religion  and  its 
ordinances  are  despised  and  treated  with  con- 
tempt, more  than  by  all  the  efforts  of  avowed 
and  unblushing  infidelity  ;  and  it  becomes  all 
such  seriously  to  consider  how  far  they  are 
responsible  for  the  demoralization  of  society, 
the  prevalence  of  irreligion,  and  the  ruin  of 
immortal  souls  ;  and  what  account  they  will 
one  day  be  called  to  give  of  the  manner  in 
which  they  discharged  the  important  office 
committed  to  their  trust. 

I  shall  now  adduce  a  few  miscellaneous 
examples,  illustrative  of  the  ascendency  of  the 
covetous  principle  in  those  who  made,  or  who 
still  make  a  flaming  profession  of  religion. 

A  certain  member  of  a  dissenting  church, 
who  had  long  been  a  zealous  supporter  of  its 
peculiar  modes  and  tenets,  had,  in  the  course 
of  his  business  as  a  carpenter,  and  by  penurious 
habits,  amassed  a  considerable  portion  of  pro- 
perty, but  was  remarked  to  be  of  a  hard  and 
griping  disposition,  and  could  seldom  be  in- 
duced to  contribute  to  any  religious  object. 
He  had  a  brother,  a  man  of  good  character, 
and  a  member  of  the  same  church,  who,  by 
family  and  personal  di.-tress,  had  been  reduced 
to  extreme  poverty.  Some  of  his  Christian 
brethren  represented  to  him  the  case  of  this 
distressed  brother,  and  urged  him  to  afford 
the  family  a  little  pecuniary  relief.  He  re- 
plied, "  My  brother  httle  knows  how  difficult 
it  is  for  me  to  get  money ;  I  have  nothing  that 
I  can  spare.  Does  he  know  that  I  have  lately 
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bought  a  house,  and  have  the  price  of  it  ta 
pay  in  a  few  days?"— and  he  peremptorily 
refused  to  bestow  a  single  shiUing  upon  his 
distressed  relative.  Yet  no  public  notice  was 
taken  of  such  conduct  by  the  religious  society 
with  which  he  was  connected,  for,  unfortu- 
nately, such  cases  are  not  generally  considered 
as  scandals,  or  tests  of  the  want  of  Christian 
principle.  His  wife,  who  survived  him,  and 
who  was  of  a  similar  disposition,  while  lying 
on  her  death-bed,  kept  the  keys  of  h(5r  trunks 
and  drawers  constantly  in  her  hands,  and 
would,  on  no  account,  part  with  them  to  any 
individual,  unless  when  she  was  in  a  position 
to  perceive  exactly  every  thing  that  was 
transacted  while  the  keys  were  used,  and 
appeared  to  be  restless  and  uneasy  till  they 
were  returned.  The  idea  of  losing  a  single 
sixpence,  or  the  least  article,  seemed  to  ^o 
like  a  dagger  to  her  heart.  After  she  had 
breathed  her  last)  a  bag,  containing  bank- 
notes, bills,  and  other  documents,  was  found 
in  her  hand,  which  she  had  carefully  con- 
cealed from  her  attendants,  as  if  she  had 
expected  to  carry  it  along  with  her  to  the 
world  of  spirits.  Such  are  the  degrading  and 
awful  effects  of  covetousness,  when  suffered 
to  gain  the  ascendency  over  the  heart.  Can 
such  a  spirit  be  supposed  to  be  prepared  for 
the  mansions  of  the  just,  and  for  entering  into 
that  inheritance  which  is  incorruptible,  and 
that  fadeth  not  away  1 

The  following  is  another  example,  relating 
to  a  lady  in  comfortable  circumstances,  who 
died  three  or  four  years  ago.  This  lady  was, 
married  to  a  gentleman  who  was  generally 
respected  as  a  worthy  man  and  a  zealous 
Christian.  His  habits  were  somewhat  penu- 
rious ;  and  from  a  low  situation,  he  rose  by 
various  means,  some  of  which  were  scarcely 
honourable,  to  a  state  of  wealth  and  inde- 
pendence, so  that,  about  12  years  before  his 
death,  he  was  enabled  to  retire  from  the  duties 
of  his  office,  to  live  in  a  state  of  respectability. 
His  wife  was  likewise  a  professed  religious 
character;  she  had  no  children,  and  her  great 
anxiety  was  to  preserve,  if  possible,  any  por- 
tion of  her  husband's  property  from  pasaing 
into  the  hands  of  his  relations.  When  any 
of  her  husband's  relatives  happened  to  live 
with  them  for  the  sake  of  sociality  or  for 
affording  them  assistance  in  their  old  age,  the 
denied  them  almost  every  comfort,  and  grum- 
bled at  the  least  article  they  received,  as  if  it 
had  been  a  portion  of  flesh  torn  from  he? 
body — till,  one  by  one,  all  such  relatives  for- 
sook her.  After  her  husband's  death,  the 
same  penurious  habits  remained,  and,  as  is 
usually  the  case,  grew  stronger  and  more 
inveterate.  After  her  death,  a  purse  was 
found  concealed  under  her  pillow,  contain- 
ing above  J2300  in  cash  and  bank-notes,  to 
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which,  it  appears,  her  heart  had  been  more 
(irmly  wedded  than  to  "  the  treasure  in  the 
heavens  that  faileth  not,"  and  "  the  glory 
which  fadeth  not  away."  Yet  this  sordid 
mortal  passed  among  Christian  society  as  a 
follower  of  Jesus.  Another  old  woman  died 
lately,  who  was  a  professed  zealot  for  the 
truth,  for  "  a  covenanted  work  of  reforma- 
tion," and  for  testifying  against  abounding 
errors  and  immoralities  in  the  church.  She 
was  noted  among  her  neighbours  for  telling 
fibs,  and  giving  false  representations  of  her 
own  circumstances  and  those  of  others.  She 
represented  herself  as  destitute  of  money,  and 
almost  of  daily  bread — that  she  could  scarcely 
attain  the  enjoyment  of  the  coarsest  morsel — 
and,  of  course,  she  was  favoured  with  a  small 
aliment  from  a  charitable  fund.  She  was  also 
distinguished  as  a  busy-body  and  tale-bearer, 
and  was  frequently  caught  secretly  listening  to 
the  conversation  of  her  immediate  neighbours, 
and  had  burrowed  a  hole  below  the  partition 
Vk^hich  separated  her  apartment  from  that  of 
another  family,  in  order  that  she  might  indulge 
in  this  mean  and  unchristian  practice.  In  a 
short  time  after  she  had  represented  herself 
as  a  destitute  pauper,  she  died,  and,  after  her 
death,  when  her  store  was  inspected,  it  was 
found  to  contain  a  considerable  quantity 
of  confectionaries  of  different  kinds,  spirits, 
wines,  and  not  a  small  portion  of  money  and 
other  articles,  some  of  which  had  been  accu- 
mulating for  years.  Yet  no  one  was  more 
zealous  than  Margaret  for  the  truth,  and  for 
lestifying  against  the  "defections"  of  the 
established  church,  and  the  sins  and  immo- 
ralities of  the  age.  Such  examples  as  those 
now  stated,  are  to  be  found  throughout  almost 
every  portion  of  the  visible  church,  and  might 
be  multiplied  to  an  indefinite  extent. 

There  is  not  a  more  common  case  of  covet- 
ousness  that  occurs  in  Christian  society,  than 
that  of  taking  advantage  of  the  civil  law, 
in  opposition  to  natural  justice,  in  order  to 
gratify  an  avaricious  affection.  A  father  dies 
s"addenly  without  a  will ;  certain  relations, 
perhaps  the  son  of  the  first  marriage,  seize 
upon  the  father's  property,  while  the  widow 
and  her  infant  children  are  turned  adrift  from 
tJieir  accustomed  dwelling,  either  with  nothing, 
or  with  a  pittance  so  small  as  to  be  insufficient 
to  procure  the  coarsest  necessaries  of  life.  Or, 
perhaps  a  will  has  been  drawn  up,  specifying 
(he  intention  of  the  father  in  regard  to  the  in- 
heritance of  his  property,  but  he  dies  before 
he  has  had  an  opportunity  of  subscribing  the 
document.  Though  the  will  of  the  father 
was  clearly  made  known  to  all  concerned,  yet 
a  person  called  the  heir  at  law,  will  imme- 
diately step  in  and  claim  the  whole  property 
which  the  parent  intended  to  bequeath,  with- 
out any  regard  to  the  natural  rights  of  others. 


The  death  of  parents  and  relatives  frequently 
produces  a  scene  of  rapacity  and  avarice 
which  is  truly  lamentable  to  a  pious  mind, 
and  which  no  one  could  previously  have  ex- 
pected. The  death  of  friends,  which  should 
naturally  lead  us  to  reflections  on  the  vanity 
of  worldly  treasures,  and  the  reality  of  a  fu- 
ture state,  not  unfrequently  steels  the  heart 
against  every  generous  feeling,  and  opens  all 
the  avenues  of  ambition  and  avarice.  As  a 
certain  writer  has  observed,  "  The  voice  from 
the  tomb  leads  us  back  to  the  world,  and  from 
the  very  ashes  of  the  dead  there  comes  a  fire 
which  enkindles  our  earthly  desires."  The 
instances  of  this  kind  are  so  numerous,  that 
volumes  might  be  filled  with  the  details.  In 
opposition  to  every  Christian  principle,  and 
to  the  dictates  of  natural  justice,  professed 
religionists  will  grasp  at  wealth  wrung  from 
the  widow  and  the  orphan,  because  the  civil 
law  does  not  interpose  to  prevent  such  bare- 
faced robberies ;  and  yet  they  will  dare  to 
hold  up  their  fices,  without  a  blush,  in  Chris- 
tian society — vdiile  one  who  had  committed 
}■'.  far  less  extensive  robbery,  in  another  form, 
would  be  held  up  to  execration,  and  doomed 
to  the  gibbet.  I  know  no  practical  use  of 
Christian  principle,  unless  it  leads  a  man  in 
such  cases  to  perform  an  act  of  natural  jus- 
tice, altogether  independent  of  the  compul- 
sions or  regulations  of  civil  codes.  "The 
law,"  says  Paul,  "  was  not  made  for  a  right- 
eous man,  but  for  the  lawless  and  disobedient, 
the  ungodly  and  the  profane ;"  and  he  who, 
in  cases  which  natural  justice  should  deter- 
mine, takes  shelter  under  the  protection  of 
law,  in  committing  an  act  of  oppression,  ought 
to  be  excluded  from  the  society  of  the  faithful, 
and  regarded  as  a  "  heathen  man  and  a  pub- 
lican." That  such  characters  are  so  frequently 
found  in  the  visible  church,  is  a  plain  evidence 
that  the  laws  of  Christ's  kingdom  are  not  yet 
strictly  and  impartially  administered. 

The  forms  of  our  civil  lavv's  are  a  striking 
proof  of  the  extensive  range  of  the  operations 
of  the  covetous  principle,  and  a  kind  of  libel 
on  the  character  of  mankind,  however  much 
refined  by  civilization  and  Christianity.  "  It 
is  impossible,"  says  a  periodical  writer,  "  to  see 
the  long  scrolls  in  which  CA^ery  contract  is  in- 
cluded, with  all  the  appendages  of  seals  and 
attestation,  without  wondering  at  the  depravity 
of  those  beings  who  must  be  restrained  from 
violation  of  promises  by  such  formal  and  pub- 
lic evidences,  and  precluded  from  equivocation 
and  subterfuge  by  such  punctilious  minute- 
ness. Among  all  the  satires  to  which  folly 
and  wickedness  have  given  occasion,  none  is 
equally  severe  with  a  bond  or  a  settlement." 
And  is  it  not  a  satire  upon  Christianity,  that 
its  professed  votaries  require  such  legal  obli- 
gation, and  punctilious  forms  and  specilica- 

(249^ 


Hosted  by  Google 


34  KSSAY  ON  COVETOUSNESS. 

tions,  to  prevent  the  inroads  of  avarice  1    and  Do.      conUngen. _^exper,^ses^at 

that  no  one  can  safely  trust  money  or  pro-  of  pilgrimage,    -    ••       10,:>89      1,373 

perty  to  any  one  on  the  faith  of  a  Christian,  Do.      of    his    elephants    and 

or  dependmg  purely  on  his  sense  of  equity  ^^       ^^  ^.^  ^,;^,^^,  ^^^^^  ^^^_ 

and  justice'!  riage,  or  the  car  and 

Before  proceeding  to  the  next  department  tower  of  the  idol,  6,713    83S 

of  our  subject,  it  may  not  be  improper  to  ad-  Rupees,   69  616    ^£8,702 

vert  to  our  covetousness  and  idolatry,  consi-  — -— 

dered  as  a  nation.  In  the  item  "  wages  of  servants,"  are  in- 
Great  Britain  has  long  been  designated  by  eluded  the  wages  of  the  courtezans,  or  strum- 
the  title  of  a  Christian  nation.  But,  if  proud  pets  who  are  kept  for  the  service  of  the  temple, 
ambition  and  an  inordinate  love  of  riches  and  Mr.  Hunter,  the  collector  of  the  pilgrim  tax- 
power  be  inconsistent  with  the  religion  of  for  the  year  1806,  told  Mr.  Buchanan  that 
Jesus,  we  have,  in  many  instances,  forfeited  three  state  carriages  were  decorated  that  year, 
our  right  to  that  appellation.  Without  ad-  with  upwards  of  <£200  sterling  of  English 
verting  to  the  immense  load  of  taxation  which  broadcloth  and  haize. 

has  long  been  levied  from  the  mass  of  the  The  following  items  show  the  gain  of  this 

people,    and    the   extravagance   vvith   which  unnatural  association  with  idolatry  at  some  of 

many  portions  of  it  have  been  expended — the  the  principal   stations  appropriated   for   idol 

heavy  imposts  on  foreign   produce,  and   the  worship. 

harassing   regulations   of  the   excise,  which  ^^            .        ^    .,    •     .       *  t            «.  ,^"P^^^' 

,      r-       •                         -Li.  r      '           4.-  Net  receipts  of  pi  grim  tax  at  Juggernaut 

prevent  a  hee  intercourse  with  foreign  nations  ^'««'- '^^^'i "-»       for  1815,       -    „^    -    -    135.667 

--the  keenness  of  our  merchants  and  manu-  Do.         at  Gva  for  1816,     -    _    -    -    182.876 

facturers  in  accumulating  wealth  and  amass-  Do.         at  Allahabad,  ^*>r  If J^-  ;    *      "^3,053 

^  ,  ^  ,,  c  Do.  at  Kashee-pnor,  >nrkuree, 
mg  immense  fortunes  tor  the  purposes  ot  Sumbal  and  Kawa  for 
luxury — the  eagerness  with  which  our  Land-  1816,  _-----  5,683 
holders  endeavour  to  keep  up  the  price  of  Do.  at  T>ipPgt|y.  near  Madras,^  ^^^^^^^ 
grain,  although  the  poor  should  thus  be  de-  '  — ! — 
prived  of  many  of  their  comforts — the  poverty  Rupees,*  549,279 
of  one  class  of  our  clergy  and  the  extravagant  •  r.-  ut\  '4.-  ~e  xr;^ 
incomes  enjoyed  by  others-passing  the  con-  ^  Mr.  Hamilton,  m  his  "  Description  of  Hin- 
sideration  of  these  and  similar  characteristics,  doft«"  "  '^^  quoted  by  Mr.  Peggs,  m  h  s  '  P.l- 
I  shall  only  mention  one  circumstance  which  8""'.  tax  in  India,"  states  with  respect  to  ^e 
appears  altogether  inconsistent  with  our  cha-  district  of  Tanjore,  that  "in  almost  every  vil- 
racter  as  a  Christian  nation,  and  that  is,  the  I«ge,  there  is  a  temple  with  a  loity  gateway 
revenues  derived  from  the  support  of  Ii.ol^-  °f  ™^^^'™  architecture,  where  a  great  many 
Tur  m  India,  Jul  the  encouragement  thus  Brahmins  are  mamtained,  partly  iv«n«fo««- 
given  to  the  cruelties  and  abominations  of  f™'^'^  fi"'"  government.  The  B™J"™"^ J'^ 
Pagan  worship.  ^''"'.  extremely  loyal,  on  account  of  the  pro- 
In  another  age,  it  will  perhaps  scarcely  be  tection  they  receive,  and  also  for  an  allow- 
believed,  that  Britain,  distinguished  for  her  anceg^-anUd  them  hy  the  Bnhs^^^^^ 
zeal  in  propagating  the  gospel  throughout  the  of  A5,000  pagoda.':  or  £  8,000  annually 
heathen  world,  has,  for  manv  years  past,  de-  ^'^^^h  u  dtstnbufed  for  the  supp,yrt  of  the 
rived  a  revenue  from  the  worshippers  of  the  poorer  temples,  -a  ™™  which  would  pur- 
idol  Juggernaut,  and  other  idols  of  a  similar  ehase  one  hundred  and  eighty  thousand  Bibles 
descripuSn  at  Gya,  AUaliabad,  Tripetty,  and  at  two  shiUings  each !  Can  any  thing  be 
other  places  in  Hindostan.  From  the  year  more  inconsistent  than  the  conduct  of  a  pro- 
181.3  to  1825,  there  was  collected,  by  order  tessed  Clj,M,an  nation  ,n  hus  supporting  a 
of  the  British  government,  from  the  pilgrims  fy^'em  of  idolatry,  the  mos^  revolting  cruel 
of  Juggernaut  alone,  about  1,360,000  rupees,  Ifciv.ous,  and  profane  1  Yet  a^  m™>''e.  <.f 
or  £170,000 ;  a  great  part  of  which  was"^  de-  the  pariiament  C.  Buller,  Esq.,  in  hi  letter 
voted  to  the  support  of  the  idol,  and  the  to  the  Com-t  of  Directors,  relative  to  lugger- 
priests  who  officiated  in  conducting  the  cere-  n.^f.  '».  18.13.  fJ^^  ".I  «=>""<"  ^^''.^'^^t  ('«: 

nonies  of  this  abominable  worship.     Dr.  Bu-  ^''''e  objection  there  is  to  the  continuance  of 

chanan.  in  his  "Christian  Researches,"  states,  »"   established    tax,   particolariy  when    it    is 

fromomcial  accounts,  that  the  annual  expense  taken  into  consideration  what  large  posses, 

of  the  idol  Juggernaut  presented  to  the  Eng-  ««">' '"  l™''  '"'^^  ""'"'^y  «™  """"^"^  %  "»'' 

lish  government  is  as  follows:  ,  ^  Rvfr.e,  tlionili  jrennrnlly  cnnsidcrpd  in  he 

Rnpee.s(.       £.  ^^\y  ^^^,  viihie  of  half  a  rrowii.  y-'t  i^  ri'ckonpd  in 

Gxpensosnf  the  Table  of  the  Idol,    36.115  or  4,514  thnciise  of  tho  pilsrims  of  India.  In  hi-  ccjuivalenl 

Do        of  Iii'i  Hrf"*s   or  wearin'^  in  llif^  valine  of  one  pound  sterlitur  loan  inhaidtan 

apparel.     -     -     -    -          2.712          .■!3!l  of  Britain,  so  that,  in  this  point   of  view,  rupees 

Do        wages  ofiiis  servants,       10,057       1,259  may  be  considered  as  equivaleiu  to  pounds. 
(250) 
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^xyv&rnjne7it,  in  a)l  parts  of  the  country,  for 
keeping  tip  the  religious  institutions  of  the 
Hindoos  and  the  Mussulmans, 

The  scenes  of  Juggernaut  and  other  idol- 
temples  are  so  well  known  to  the  British  pub- 
lic, that  I  need  not  dwell  on  tlie  abominations 
and  the  spectacles  of  misery  presented  in 
these  habitations  of  cruelty.  I  shall  only  re- 
mark that,  from  all  parts  of  India,  numerous 
bodies  of  idol-worshippers  or  pilgrims  travel 
many  hundreds  of  miles  to  pay  homage  to 
the  different  idols  to  whicli  I  have  alluded. 
A  tax  is  imposed  by  the  British  government 
on  these  pilgrims,  graduated  according  to  the 
rank  or  circumstances  of  the  pilgrim,  and 
amounting  from  one  to  twenty  or  thirty  ru- 
pees— which,  according  to  the  estimate  stated 
in  the  preceding  note,  (}t.  34),  will  be  equiva- 
lent to  one  pound  sterling  to  tlie  poorest  class 
of  pilgrims.  Those  journeying  to  Allahabad, 
for  example,  are  taxed  at  the  following  rates. 
On  every  pilgrim  on  foot,  one  rupee.  On 
every  pilgrim  with  a  horse  or  palanquin,  two 
rupees.  On  every  pilgrim  with  an  elephant, 
twenty  rupees,  &c.  Vast  numbers  of  deluded 
creatures  flock  every  year  to  these  temples. 
In  1825,  the  number  that  arrived  at  Jugger- 
naut was  estimated  at  two  hundred  and 
twenty-Jive  thousand,  and  in  some  cases  they 
have  been  calculated  to  aniouDt  to  more  than 
a  ndllion.  The  deprivations  and  miseries 
suffered  by  many  of  these  wretched  beings 
are  almost  incredible.  Dr.  Buchanan,  who 
visited  Juggernaut  temple  in  June,  1806, 
gives  tlie  following  statement.  *•  Numbers  of 
pilgrims  die  on  the  road,  and  their  bodies 
generally  remain  unburied.  On  a  plain  near 
the  pilgrim  caravansera,  100  miles  from  Jug- 
gernaut, I  saw  more  than  100  skulls;  the 
dogs,  jackals,  and  vultures,  seem  to  live  here 
on  human  prey.  Wherever  T  turn  my  eyes, 
I  meet  death  in  one  shape  or  other.  From 
the  place  wliere  I  now  stand,  I  have  a  view 
of  a  host  of  people,  like  an  army  encamped 
at  the  outer  gate  of  the  town  of  Juggernaut, 
where  a  guard  of  soldiers  is  posted,  to  prevent 
them  from  entering  the  town  until  they  have 
paid  the  tax.  A  pilgrim  announced  that  be 
vv^as  ready  to  offer  himself  a  sacrifice  to  the 
idol.  He  laid  himself  down  on  the  road  be- 
fore the  car  as  it  was  moving  along,  on  his 
face,  with  his  arms  stretched  forward.  The 
multitude  passed  him,  leaving  the  space  clear, 
and  he  was  crushed  to  death  by  the  wheels. 
How  much  I  wished  that  the  proprietors  (f 
India  stock  ivould  have  attended  the  wheels 
of  Juggernaut,  and  seen  this  peculiar  source 
of  their  revenue !  I  beheld  a  distressing 
scene  this  morning  in  the  place  of  skulls ;  a 
poor  woman  lying  dead,  or  nearly  so,  and  her 
two  children  by  her,  looking  at  the  dogs  and 
vultures  which  were  near.  The  people  passed 


by  without  noticing  the  children!  I  afked 
them  where  was  their  home]  Tixcy  said 
they  had  no  home  but  where  their  mothel 
was.  O  there  is  no  pity  at  Juggernaut! 
Those  who  support  his  kingdom,  err,  I  trust, 
from  ignorance ;  they  know  not  what  they  do." 

"  The  loss  of  life,"  says  Colonel  Phipps, 
who  witnessed  this  festival  in  1822,  ''by  this 
deplorable  superstition,  probably  exceeds  that 
of  any  other.  The  aged,  the  weak,  the  sick, 
are  persuaded  to  attempt  this  pilgrimage  as  a 
remedy  for  all  evils.  The  number  of  women 
and  children  is  also  very  great,  and  they  leave 
their  families  and  their  occupations  to  travel 
an  immense  distance,  with  he  delusive  hojje 
of  obtaining  eternal  bliss.  Their  means  of 
subsistence  on  the  road  are  scanty,  and  their 
light  clothing  and  little  bodily  strength,  are  ill 
calculated  to  encounter  the  inclemency  of  the 
v/eather.  When  they  approach  the  temple, 
they  find  scarcely  enough  left  to  pay  the  tax 
to  government,  and  to  satisfy  the  repacious 
brahmins ;  and,  on  leaving  Juggernaut,  with 
a  long  journey  before  them,  their  means  of 
support  are  often  quite  exhausted.  The  work 
of  death  then  becomes  rapid,  and  the  route  of 
the  pilgrims  may  be  traced  by  the  bones  left 
by  jackals  and  vultures,  and  the  dead  bodies 
may  be  seen  in  every  direction." 

The  Rev.  W.  Bampton,  in  an  account  of 
this  festival,  in  July,  1823,  states,  "in  the 
front  of  one  of  the  cars  lay  the  body  of  a  dead 
man ;  one  arm  and  one  leg  were  eaten  ;  and 
two  dogs  were  then  eating  him  ;  many  people 
were  near,  both  moving  and  stationary,  but 
they  did  not  seem  to  take  any  notice  of  the 
circumstance.  I  went  to  see  the  pilgrims, 
who,  because  they  could  not  pay  the  tax,  were 
kept  without  one  of  the  gates.  In  the  course 
of  the  morning,  I  saw,  within  a  mile  of  the 
gate,  six  more  dead,  and  the  dogs  and  birds 
were  eating  three  of  them.  Five  or  six  lay 
dead  within  a  mile  of  the  gate.  A  military 
officer  pointed  out  a  piece  of  ground,  scarcely 
an  acre,  on  which  he  had,  last  year,  counted 
twenty-jive  d.cad  hodiesP  Mr.  Lacey,  a  mis- 
sionary, who  was  at  the  festival  in  June,  1825, 
states,  "  On  the  evening  of  the  1 9th,  I  counted 
upwards  of  sixty  dead  and  dying,  from  the 
temple,  to  about  half  a  mile  below — leaving 
out  the  sick  that  had  not  much  life.  In  every 
street,  corner,  and  open  space — in  fact,  where- 
ever  you  turned  your  eyes,  the  dead  and  the 
dying  met  your  sight.  I  visited  one  of  the 
Golgothas  between  the  town  and  the  principal 
entrance,  and  I  saw  sights  which  I  never  shall 
forget.  The  small  river  there  was  quite  glutted 
with  the  dead  bodies.  The  wind  hud  drifted 
them  all  together,  and  they  were  a  comph^'te 
mass  of  putrefying  flesh-  They  also  lay  upon 
the  ground  in  heaps,  and.  the  dogs  and  birds 
were  able  to  do  but  little   towards  dovouring 
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them."  Such  horrid  details  could  be  multi- 
plied \\ithout  number ;  every  one  who  has 
visited  such  scenes  of  misery  and  depravity, 
gives  similar  relations,  some  of  which  are  still 
more  horrible  and  revolting.  With  regard  to 
the  number  that  perish  on  such  occasions, 
tlie  Rev.  Mr.  Ward  estimates  that  4000  pil- 
grims perish  every  year,  on  the  roads  to,  and 
at  holy  places — an  estimate  which  is  con- 
sidered  by    others   as   far   below    the   truth. 

Captain  F estimates  those  who  died 

at  Cuttack  and  Pooree,  and  between  the  two 
stations,  at  5000.  How  many  of  these  miser- 
able people  must  have  died  before  Lhey  reached 
their  homes  !  many  of  them  coming  three,  six, 

or  nine  hundred  miles.     Mr.  M ,  the 

European  collector  of  the  tax  at  Pooree^  esti- 
mated the  mortality  at  20,000  ! 

Juggernaut  is  one  of  the  most  celebrated 
stations  of  idolatry  in  India.  All  the  land 
within  twenty  miles  is  considered  holy  ;  but 
the  most  sacred  spot  is  inclosed  within  a  stone 
wall  twenty-one  feet  high,  forming  a  square 
of  about  656  feet.  Within  this  area  are  about 
fifty  temples  ;  but  the  most  conspicuous  build- 
ings consist  of  one  lofty  stone  tower,  184  feet 
high  and  twenty-eight  and  a  half  feet  square 
mside.  The  idol  Juggernaut,  and  his  brother 
Bulbudra,  and  his  sister  Sabadra,  occupy  the 
tower.  The  roofs  are  ornamented  with  re- 
presentations of  monsters ;  the  walls  of  the 
temple  are  covered  with  statues  of  stone,  re- 
presenting Hindoo  gods,  with  their  wives,  in 
attitudes  grossly  indecent.  The  three  cele-, 
brated  idols  alluded  to,  are  wooden  busts  six 
feet  high,  having  a  rude  resemblance  of  the 
human  head,  and  are  painted  white,  yellow, 
and  black,  with  frightfully  grim  and  distorted 
countenances.  They  are  covered  with  spangled 
broadcloth,  furnished  from  the  export  ware- 
house of  the  British  governrrcent.  The  car  on 
which  the  idol  is  drawn,  measures  forty-three 
and  a  half  feet  high,  has  sixteen  wheels,  of 
six  and  a  half  feet  diameter,  and  a  platform 
thirty-four  and  a  half  feet  square.  The  cere- 
monies connected  with  this  idolatrous  worship, 
are,  in  many  instances,  exceedingly  revolting 
and  obscene.  At  Ranibut,  in  the  province  of 
Gurwal,  is  a  temple  sacred  to  Rajah  Ishwara, 
which  is  principally  inhabited  by  dancing 
women.  The  initiation  into  this  society  is 
performed  by  anointing  the  head  with  oil 
taken  from  the  lamp  placed  before  the  altar, 
by  which  act  they  make  a  formal  abjuration 
of  their  parents  and  kindred,  devoting  their 
future  lives  to  prostitution,  and  the  British 
government,  by  giving  annually  512  rupees  to 
the  religious  mendicants  who  frequent  this 
temple,  directly  sanction  this  system  of  ob- 
scenity and  pollution.  Many  tem]:)les  of  im- 
purity exist  in  oth^r  places  of  Hindostan. 
Tavernier  mentions  a  village  where  there  is  a 
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pagoda  to  which  all  the  Indian  courtezans 
come  to  make  their  oilerings.  This  pagoda  i& 
ftill  of  a  great  number  of  naked  images.  Girls 
of  eleven  or  twelve  years  old,  who  have  been 
bought  and  educated  for  the  purpose,  aie  sent 
by  their  mistresses  to  this  pagoda,  to  offer  and 
surrender  themselves  up  to  this  idoL 

In  order  to  induce  ignorant  devotees  to 
forsake  their  homes,  and  commence  pilgrims 
to  these  temples  of  impurity  and  idolatry,  a 
set  of  avaricious  villains,  termed  Pilgrim 
hunters,  &xe  employed  to  traverse  the  country, 
and  by  all  manner  of  falsehoods,  to  proclaim 
the  greatness  of  Juggernaut  and  other  idols. 
They  declare,  for  example,  that  this  idol  has 
now  so  fully  convinced  his  conquerors  [that 
is,  the  British]  of  his  divinity,  that  they  have 
taken  his  temple  under  their  own  superintend- 
ency,  and  that  they  expend  60,000  rupees 
from  year  to  year  to  provide  him  with  an 
attendance  worthy  of  his  dignity.  These 
pilgrim  hunters  are  paid  hy  the  British  gov- 
ernment. If  one  of  them  can  march  out  a 
thousand  persons  and  persuade  them  to  under- 
take the  journey,  he  receives  1500  rupees,  if 
they  be  of  the  lower  class;  and  3000  rupees, 
if  they  be  persons  belonging  to  the  highest 
class.  But,  what  is  worst  of  all — the  conduct 
of  the  British  government  in  relation  to  this 
system,  has  led  many  of  the  natives  to  believe 
that  the  British  nation  approves  of  the  idol-' 
atrous  worship  established  in  India.  A  Hin- 
doo inquired  of  a  missionary  in  India,  "  If 
Juggernaut  be  nothing,  why  does  the  Com- 
pany take  so  much  money  from  those  who 
come  to  see  himl"  Mr.  Lacey,  a  missionary, 
who  went  to  relieve  the  destitute  on  the  road 
to  Cuttack,  during  one  of  the  festivals,  relates 
the  following  incident : — "  You  would  have 
felt  your  heart  moved,  to  hear,  as  I  did,  the 
natives  say — *  Your  preaching  is  a  lie  ; — -/or, 
if  your  Saviour  and.  your  religion  are  thus 
merciful,  how  do  you  then  take  away  tha 
money  of  the  'poor  and  suffer  him  to  starve?'''* 
It  is  indeed  no  wonder  that  when  the  natives 
see  a  poor  creature  lying  dying  for  want,  they 
should  reflect,  that  the  two  rupees  he  paid  as 
a  tax,  would  have  kept  him  alive.  Nor  is  it 
indeed  a  pleasing  reflection  to  a  European 
mind,  tliat  these  two  7^upees  form  precisely 
the  difference  between  life  and  death  to  many 
who  have  perished  for  want  on  their  7'oad 
home.  Another  missionary  relates,  "  Passing 
one  evening  a  large  temple,  I  caught  a  sight 
of  one  of  the  idols,  and  exclaimed,  sinful,  sin- 
ful. The  native  who  was  with  me  asked, 
^  Sir,  is  that  sinful  for  which  the  Company 
give  thousands  V  A  man  said  to  me  a  few 
days  ago,  *  If  the  government  does  not  forsake 
Juggernaut,  how  can  you  expect  that  we 
should  V  "  In  this  way  the  efforts  of  Chris- 
tian  missionaries   to   turn  the  Hindoo  f"om 
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idolatry,  are,  in  many  instances,  completely 
paralyzed.* 

Such  is  the  worship  which  the  British  gov- 
ernment supports,  and  from  which  it  derives 
an  annual  revenue  :  Such  is  the  covetousness 
literally  and  directly  connected  with  ^^  idola- 
try,*^ manifested  hy  those  who  give  their  sanc- 
tion and  support  to  a  system  of  idol-worship, 
distinguished  for  rapacity,  cruelty,  obscenity, 
and  every  thing  shocking  to  the  feelings  of 
humanity  !  If  we  are  commanded  to  "  flee 
from  idolatry,"  "  to  abstain  from  meats  offered 
to  idols,"  and  to  "hate  even  the  garment 
spotted  by  the  flesh,"  what  shall  we  think  of 
the  practice  of  receiving  hundreds  of  thou- 
sands of  rupees  annually,  for  permitting  blind- 
ed idolaters  to  worship  the  most  despicable 
idols — of  clothing  those  idols,  repairing  their 
temples,  and  paying  the  rapacious  and  unfeel- 
ing priests  that  minister  at  their  altars  ]  What 
shall  we  think  of  the  practice  of  Christian 
Britons  sending  forth  a  body  of  idol-mission- 
aries, far  exceeding  in  number  all  the  Christian 
aiissionaries,  perhaps,  throughout  the  world, 


who,  from  year  to  year,  propagate  dehi*?ioii, 
and  proclaim,  for  the  sake  of  gain — the  tran- 
scendent efficacy  of  beholding  "  a  log  of 
wood  /"  "  Be  astonished,  O  ye  heavens,  at 
this."  No  wonder  if  Christian  missicmaries 
have  the  most  formidable  opposition  to  en- 
counter, when  the  very  nation  that  sent  them 
forth  to  undermine  the  fabric  of  Pagan  su})er- 
stition,  gives  direct  countenance  and  support 
to  every  thing  that  is  abhorrent  and  debasing 
in  the  system  of  idolatry. 
-  How  appropriate  the  wish  expressed  by  Dr. 
Buchanan, "  that  the  proprietors  of  India  stock, 
could  have  attended  the  wheals  of  Juggernaut, 
and  seen  this  pecuHar  source  of  their  revenue  !" 
I  would  live  on  "  a  dinner  of  herbs,"  or  even 
on  the  grass  of  the  fields,  before  I  would  handle 
a  sum  of  money  procured  in  this  way,  to  sup- 
ply the  most  delicious  fare.  From  whatever 
motives  support  is  given  to  this  system  of 
Idolatry,  it  will  remain  an  indelible  stain  on 
the  British  nation,  to  generations  yet  unborn, 
and  its  miserable  and  demoralizing  effects  will 
only  be  fully  known  in  the  eternal  world. 


CHAPTER  II. 

On  the  Mnurdity  and  Irraiionalily  of  Covetousness, 


The  Creator  has  endowed  man  with  men- 
tal faculties  which,  if  properly  directed  and 
employed,  would  be  sufficient,  in  many  cases, 
to  point  out  the  path  of  virtue,  and  to  show 
the  folly  and  unreasonableness  of  vice.  All 
the  laws  of  God,  when  properly  investigated 
as  to  their  tendency  and  effects,  will  be  found 
accordant  with  the  dictates  of  enfightened 
reason,  and  calculated  to  produce  the  greatest 
sum  of  human  happiness ;  and  the  disposi- 
tions  and  vices  which  these  laws  denounce 
will  uniformly  be  found  to  have  a  tendency 
to  produce  discomfort  and  misery,  and  to  sub- 
vert the  moral  order  and  happiness  of  the  intel- 
ligent system.  On  these  and  similar  grounds, 
it  may  not  be  inexpedient  to  offer  a  few  re- 
marks on  the  folly  and  irrationality  of  the  vice 
to  which  our  attention  is  directed. 

In  the  first  place,  the  irrafionuUty  of  Cmet- 
ousnessj  will  appear,  if  we  consider  the  nob/e 
intellectual  faculties  with  which  man  is  en- 
dowed* 

Man  is  furnished  not  only  with  sensitive 
powers  to  perceive  and  enjoy  the  various  ob- 
jecjts  with  which  his  terrestrial  habitation  is 
replenished,  but  also  with  the  powera  of  me- 
mory, imagination,  judgment,  reasoning,  and 
the  moral  faculty.     By  these  powers  he  can 

♦  Mopt  of  the  facts  ahove  stared  have  heeni  ae- 
lecfed  nrul  abridged  from  Mr.  Pugg's  '' Pi-'grjm  tax 
in  ladia." 


retrace  and  contemplate  the  most  remarkable 
events  which  have  happened  in  every  period  of 
the  world,  since  time  began  ;  survey  the  mag- 
nificent scenery  of  nature  in  all  its  variety  and 
extent ;  dive  into  the  dc'pths  of  the  ocean  ;  as- 
cend into  the  regions  of  the  atmosphere ;  pry 
into  the  invisible  regions  of  creation,  and  behold 
the  myriads  of  animated  beings  that  people  the 
drops  of  water ;  determine  the  courses  of  the 
celestial  orbs ;  measure  the  distances  and  mag- 
nitudes of  the  planets ;  predict  the  returns  of 
comets  and  eclipses;  convey  himself  along 
mighty  rivers,  and  across  the  expansive  ocean  ; 
render  the  most  stubborn  elements  of  nature 
subservient  to  his  designs  and  obedient  to  his 
commands ;  and,  in  short,  can  penetrate  be- 
yond all  that  is  visible  to  common  eyes,  to  thost\ 
regions  of  space  where  suns  unnumbered  shine, 
and  mighty  worlds  are  running  their  solemn 
rounds;  and  perceive  the  agency  of  Infinilf 
Power  displaying  itself  throughout  the  unlim- 
ited regions  of  the  universe.  By  these  powers 
he  can  trace  the  existence  and  the  attributes 
of  an  Invisible  and  Almighty  Being  operating 
in  the  sun,  the  moon,  and  the  starry  orbs,  in 
the  revolutions  of  the  seasons,  the  agency  of 
the  elements,  the  process  of  vegetation,  the 
functions  of  animals,  and  the  moral  relations 
which  subsist  among  intelligent  beings;  and 
in  such  studies  and  contemplations  he  cm\ 
er.joy  a  happiness  infinitely  superior  to  all  the 
Y  (25;{/ 
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delights  of  mere  animal  sensation.  How  un- 
reasonable then,  is  it,  for  a  being  who  pos- 
sesses such  subhme  faculties,  to  have  his 
whole  soul  absorbed  in  raking  together  a  few 
pallry  pounds  or  dollars,  which  he  either  ap- 
plies to  no  useful  object,  or  employs  merely 
for  purposes  of  pride  and  ostentation  !  We 
are  apt  to  smile  at  a  little  boy  hoarding  up 
heaps  of  cherry  stones,  small  pebbles,  or  sea 
shells ;  but  he  acts  a  more  rational  part  than 
the  covetous  man  whose  desires  are  concen- 
trated in  "  heaping  up  gold  as  the  dust,  and 
silver  as  the  stones  of  the  brook ;"  for  the  boy 
has  not  arrived  at  the  full  exercise  of  his 
rational  powers,  and  is  iucapable  of  forming 
a  comprehensive  judgment  of  those  pursuits 
which  ought  to  be  the  great  end  of  his  exist- 
ence. The  aims  and  pursuits  of  every  intelli- 
gence, ought  to  correspond  with  the  faculties 
he  possesses.  But  does  the  hoarding  of  one 
shilling  after  another,  day  by  day,  and  the 
absorption  of  the  faculties  in  this  degi*ading 
object,  while  almost  every  higher  aim  is  set 
aside, — correspond  to  the  noble  powers  with 
which  man  is  invested,  and  the  variety  and 
sublimity  of  those  objects  which  solicit  their 
attention  "?  Is  there,  indeed,  any  comparison 
between  acquiring  riches  and  wealth  as  an 
ultimate  object,  and  the  cultivation  of  the 
intellectual  faculties,  and  the  noble  pursuit  of 
knowledge  and  moral  improvement?  If  man 
had  been  intended  to  live  the  life  of  a  miser, 
he  would  rather  have  been  formed  into  the 
shape  of  an  ant  or  a  pismire,  to  dig  among 
mud  and  sand  and  putrefaction,  to  burrow  in 
holes  and  crevices  of  the  earth,  and  to  heap 
up  seeds  and  grains  against  the  storms  of 
winter ;  in  which  state  he  would  live  accord- 
ing to  the  order  of  nature,  and  be  incapable 
of  degrading  his  mental  and  moral  powers. 

There  cannot  be  a  more  absurd  and  pre- 
posterous exhibition,  than  that  of  a  man  fur- 
nished with  powers  capable  of  arresting  the 
elements  of  nature,  of  directing  the  lightnings 
in  their  course,  of  penetrating  to  the  distant 
regions  of  creation,  of  weighing  the  masses 
of  surrounding  worlds,  of  holding  a  sublime 
intercourse  with  his  Almighty  Maker,  and  of 
perpetual  progression  in  knowledge  and  feli- 
city, throughout  an  interminable  round  of 
existence  ;  yet  prostrating  these  noble  powers 
by  concentrating  them  on  the  one  sole  object 
of  amassing  a  number  of  guineas  and  bank- 
notes, which  are  never  intended  to  be  applied 
to  any  rational  or  benevolent  purpose ;  as  if 
man  were  raised  no  higher  in  the  scale  of 
intellect,  than  the  worms  of  the  dust !  Even 
Bome  of  the  lower  animals,  as  the  dog  and  the 
horse,  display  more  noble  and  generous  feel- 
ings, than  the  earth-worm,  from  whose  grasp 
you  cannot  wrench  a  single  shilling  for  any 
brmeficent  object  And  sliall  man,  who  was 
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formed  after  the  image  of  his  Maker,  antl 
invested  with  dominion  over  all  the  inferioi 
tribes  of  animated  nature,  thus  reduce  himselt 
by  his  grovelling  affections  below  the  rar.k 
of  the  beasts  of  the  forest  and  the  fowls  of 
heaven  1  Nothing  can  atford  a  plainer  proof 
of  man's  depravity,  and  that  he  has  fallen 
from  his  high  estate  of  primeval  innocence 
and  rectitude ;  and  there  cannot  be  a 
greater  libel  on  Christianity  and  on  Chris- 
tian churches,  than  that  such  characters 
should  assume  the  Christian  profession,  and 
have  their  names  entolied  among  the  society 
of  the  faithful. 

2.  The  folly  of  covetousness  appears  in 
the  absolute  want  of  utility  which  cha- 
racterizes the  conduct  of  the  avaricious  man. 

True  wisdom  consists  in  proportioning 
means  to  ends,  and  in  proposing  a  good  and 
worthy  end  as  the  object  of  our  pursuit.  He 
would  be  accounted  a  fool,  who  should  attempt 
to  build  a  ship  of  war  on  one  of  the  highest 
peaks  of  the  Alps  or  the  Andes,  or  who  should 
spend  a  large  fortune  in  constructing  a  huge 
machine  which  was  of  no  use  to  mankind, 
but  merely  that  they  might  look  at  the  motion 
of  its  wheels  and  pinions ;  or  who  should 
attempt  to  pile  up  a  mountain  of  sand  within 
the  limits  of  the  sea,  which  the  foaming  bil- 
lows, at  every  returning  tide,  would  sweep 
away  into  the  bosom  of  the  deep.  But  the 
man  "  who  lays  up  treasures  for  himself  and 
is  not  rich  towards  God,"  acts  with  no  less 
unreasonableness  and  folly.  He  hoards  riches 
which  he  never  intends  to  use ;  he  vexes  and 
torments  himself  in  acquiring  them ;  he  stints 
himself  of  even  lawful  sensitive  comforts ;  and 
his  sole  enjoyment  seems  to  be  that  of  brood- 
ing over  in  his  mind  an  arithmetical  idea 
connected  with  hundreds  or  thousands  of 
circular  pieces  of  gold,  or  square  slips  of 
paper.  The  poor  are  never  to  be  warmed, 
or  fed,  or  clothed,  the  oppressed  relieved,  the 
widow's  heart  made  to  leap  for  joy,  the  igno- 
rant instructed,  the  ordinances  of  religion 
supported,  or  the  gospel  promoted  in  heathen 
lands,  by  means  of  any  of  the  treasures  which 
he  accumulates.  He  "  spends  his  money  for 
that  which  is  not  bread,  and  his  labour  for 
that  which  satisfieth  not;"  and  neither  bin)- 
self,  his  family,  his  friends,  his  country,  oi 
the  world,  is  benefited  by  his  wealth.  I  have 
read  of  a  Reverend  Mr.  Hagamore  of  Cats- 
hoge,  Leicestershire,  on  whose  death,  in  Janu- 
ary, 1776,  it  was  found  that  he  had  accumu- 
lated thirty  gowns  and  cassocks,  one  hundred 
pair  of  breeches,  one  hundred  pair  of  boots, 
four  hundred  pair  of  shoes,  eighty  wigs,  yd 
always  wore  his  own  hair,  fifty-eight  dogfi, 
eighty  wagons  and  carts,  eighty  ploughs,  and 
used  7ione,  fifty  saddles,  and  furniture  for  the 
menage,    tiiirty    v/heelbarrows,    sixty   horses 
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and  mares,  seventy- four  ladders,  two  hundred 
pick-axes,  two  hundred  spades  and  shovels, 
two  hundred  and  forty  liine  razors,  and  so 
many  waikijig-sticks,  that  a  toysman  in  Lei- 
cesterfields,  offered  eight  pounds  sterling  to 
procure  them.*  Every  one  will  at  once  per- 
ceive that  this  man,  although  he  had  the  title 
of  "  Keverend"  affixed  to  his  name,  must  have 
been  nothing  else  but  a  Reverend  fool,  or 
something  approaching  to  a  maniac ;  for,  to 
accumulate  such  a  number  of  useful  articles, 
inerely  for  the  purpose  of  looking  at  them,  or 
brooding  over  the  idea  that  they  were  in  one's 
possession,  without  any  higher  object  in  view, 
is  surely  the  characteristic  of  folly  and  irra- 
tionality, if  any  thing  ought  to  designate  a 
person  a  fool  or  a  madman. 

Now,  let  us  suppose  for  a  moment,  instead 
of  money,  a  man  were  to  hoard  in  a  garret  or 
a  warehouse  appropriated  for  the  purpose — 
10,000  pots  or  caldrons  that  were  never  to 
be  used  in  cooking  victuals,  or  for  any  other 
process,— 15,000  tea-kettles,  30,000  coffee- 
pots, 25,000  pair  of  boots,  30,000  knee- 
buckles,  32,000  great  coats,  and  40,000  pair 
of  trowsers — suppose  that  none  of  these  arti- 
cles were  intended  to  be  sold  or  appropriated 
to  such  uses  as  they  are  generally  intended  to 
serve,  but  merely  to  be  gazed  at  from  day  to 
day,  or  contemplated  in  the  ideas  of  them  that 
float  before  the  imagination — what  should  we 
think  of  the  man  who  spent  his  whole  life, 
and  concentrated  all  the  energies  of  his  soul 
in  such  romantic  pursuits  and  acquisitions? 
We  should  at  once  decide,  that  he  was  un- 
qualified for  associating  with  rational  beings, 
and  fit  only  for  a  place  within  the  precincts 
of  bedlam.  But  what  is  the  great  difference 
between  accumulating  twenty  thousand  cork- 
screws, or  thirty  thousand  shoe-brushes,  and 
hoarding  as  many  thousands  of  shillings,  dol- 
lars or  pieces  of  paper  called  bank  notes,  which 
are  never  intended  to  be  brought  forth  for  the 
benefit  of  mankind]  The  cases  are  almost 
exactly  parallel ;  and  he  who  is  considered  as 
a  fool  or  maniac,  in  the  one  case,  deserves  to 
be  branded  with  the  same  epithets,  in  the 
other.  Were  a  man  to  employ  the  greater 
part  of  his  life  in  laying  up  millions  of  cherry- 
stones or  pin-heads,  and  find  his  chief  delight 
in  contemplating  his  heaps,  and  continually 
adding   to  their  number,  he  would  be  con- 


*  This  singular  clergyman,  when  he  died,  was 
worth  £700  p<'r  annum,  tuui  £1000  in  money, 
wliich  fell  to  a  ticket  porfer  in  f-ondon.  He  kept 
one  servant  of  each  sex.  whom  he  locked  np  every 
night,  'lis  l;if«t  employnient  on  an  evening,  was 
to  ijo  ro'und  his  premises,  let  loose  his  dogs,  and 
fire  his  jriin.  He  lost  his  life  as  fo!iows  :  going 
one  moTnijiir  to  let  out  his  servants,  the  dops 
fawned  upon  hint  suddenly,  and  threw  him  into 
a  pond,  where  he  was  found  dead.  His  servants 
hfard  his  calls  for  asi^ifitarice,  but,  being  locked  «p, 
i'iiay  cosaM  njl  lend  him  any  help. 


sidered  as  below  the  scale  of  a  rational  being, 
and  unfit  for  general  society.  But  there  is  no 
essential  difference  between  such  a  fool,  and 
the  man  whose  great  and  ultimate  aim  is  to 
accumulate  thousands  of  dollars  or  of  guineas. 
Both  classes  of  persons  are  in  reaUty  maniacs 
— with  this  difference,  that  the  first  class 
would  be  considered  as  labouring  under  a 
serious  mental  derangement,  and  therefore 
objects  of  sympathy  and  pity ;  while  the  other 
are  considered  as  in  the  full  exercise  of  their 
intellectual  powers,  although  they  are  pros- 
trating them  in  the  pursuit  of  objects  as  de- 
grading and  irrational,  as  those  which  ei  gross 
the  imagination  of  the  inmates  of  bedlam. 

But,  suppose  that  riches  are  coveted,  not 
for  the  purpose  of  being  hoarded,  but  for  the 
purpose  of  being  expended  in  selfish  gratifica- 
tions, there  is  almost  as  much  folly  and  irrK- 
tionality  in  the  latter  case  as  in  the  former. 
Suppose  a  man  to  have  an  income  of  £3000 
a  year,  and  that  £800  are  sufficient  to  procure 
him  all  the  sensitive  enjoyments  suitable  to  his 
station — is  it  rational,  is  it  useful,  either  to 
himself  or  others,  that  he  should  waste  £2200 
in  vain  or  profligate  pursuits,  in  balls,  mas- 
querades, gambling,  hounding,  horse  racing, 
expensive  attire,  and  splendid  equipages — 
when  there  are  so  many  poor  to  be  relieved, 
so  many  ignorant  to  be  instructed,  so  many 
improvements  requisite  for  the  comfort  of 
general  society,  so  many  sciences  to  cultivate, 
so  many  arts  to  patronize,  and  so  many  arduous 
exertions  required  for  promoting  the  general 
renovation  of  the  world — and  scarcely  a  single 
guinea  devoted  to  either  of  these  objects'? 
Such  conduct  is  no  less  irrational  and  degrad- 
ing, in  a  moral  and  accountable  agent,  than 
that  of  the  grovelling  wretch  who  hoards  his 
money  in  a  bag  which  is  never  opened  but 
with  jealous  care  when  he  has  a  few  more 
guineas  or  dollars  to  put  into  it.  In  both 
cases,  wealth  is  turned  aside  from  its  legiti- 
mate channel,  and  perverted  to  purposes 
directly  opposite  to  the  will  of  the  Creator, 
and  the  true  happiness  of  mankind. 

3,  The  folly  of  Avarice  will  appear,  if  we 
co?isider  it  in  relation  to  rational  enjoyment* 

The  rational  enjoyment  of  life  consists, 
among  other  things,  in  the  moderate  use  of 
the  bounties  of  Providence  which  God  has 
provided  for  all  his  creatures — in  the  exercise 
of  our  physical  and  mental  powers  on  those 
objects  which  are  calculated  to  afford  salisfac- 
tion  and  delight — in  the  emotions  of  content- 
ment and  gratitude  towards  our  Creator— in 
the  sweets  of  an  approving  conscience — in 
the  acquisition  of  knowledge — in  the  flow  of 
the  benevolent  affections,  in  affectionate  social 
intercourse  with  our  fellow  men,  in  the  exer- 
cise of  tenderness,  sympathy,  and  good  wi!) 
towards  others,  and  in  that  calmness  or  equa 
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nimity  which  remains  unruffled  amidst  the 
changes  of  fortune,  and  the  untoward  inci- 
dents of  human  li^e.  Now,  in  none  of  these 
respects  can  the  covetous  man  experience  the 
sweets  of  true  enjoyment.  He  has  it  in  his 
power  to  enjoy  all  the  sensitive  pleasures  in 
which  a  rational  being  ought  to  indulge,  yet 
he  stints  himself  even  of  necessary  comforts, 
and  lives  upon  husks  when  he  might  feast 
himself  on  the  choicest  dainties,  because  it 
might  prevent  him  from  adding  new  stores  to 
his  secret  treasures.  He  will  shiver  amidst 
the  colds  of  winter,  under  a  tattered  coat,  or  a 
thread-bare  covering,  and  sit  benumbed  in  his 
apartment  without  a  fire  to  cheer  him,  because 
the  purchase  of  requisite  comforts  would  dimi- 
nish the  number  of  his  pounds,  shillings,  and 
pence.  He  will  lie  on  a  bed  of  straw,  during 
the  dark  evenings  of  winter,  like  a  mere  animal 
existence,  rather  than  furnish  oil  for  a  lamp, 
and  will  wallow  like  a  sow  amidst  mire  and 
filth,  rather  than  give  the  smallest  trifle  to  a 
person  to  cle.an  his  apartment.  Of  menial 
pleasures  he  can  scarcely  be  said  to  enjoy  the 
smallest  share,  except  in  so  far  as  the  ideas 
of  accumulated  gold  and  silver  are  concerned. 
He  is  necessarily  oppressed  with  restless 
anxiety.  The  o!)jects  of  his  covetousness 
are,  in  most  instances,  necessarily  uncertain. 
He  strives  te  obtain  them,  but  is  doubtful  of 
success ;  his  mind  hangs  between  hope  and 
fear;  his  desires  are,  however,  continually 
exerted ;  he  is  on  the  rack  as  it  were,  till  he 
sees  the  issue  of  his  adventure,  and  in  nume- 
rous cases,  his  hopes  are  blasted,  and  his 
schemes  disconcerted ;  and  when  the  plans 
of  gain  he  had  laid  are  frustrated,  or  a  portion 
of  his  wealth  destroyed  by  an  unexpected 
accident,  he  feels  all  the  pains  and  agonies 
of  a  man  verging  towards  poverty  and  ruin. 
While  a  contented  man  may  become  rich,  to 
every  desirable  degree,  amid  the  full  posses- 
sion of  serenity  of  mind,  and  self  approbation, 
the  anxiety  of  the  covetous  is  necessarily  great 
and  distressing ;  and  that  is  one  part  of  the 
punishment  he  inevitably  suffijrs  under  the 
righteous  government  of  God,  on  account  of 
his  infringement  of  the  natural  and  moral 
laws  of  the  universe.  To  the  misery  of  per- 
petual anxiet}'  are  added  incessant  lahoiiA\ 
and  an  endless  and  wearisome  train  of  exer- 
tion to  augment  his  gains  and  secure  himself 
from  losses.  Like  a  slave  or  a  mill-horse,  he 
drudges  on  in  a  state  of  travail,  and  in  an  un- 
reasing  whir!  of  toil  and  e(Tort,  which  leave  no 
hitervals  for  rational  reflection  and  enjoyment ; 
and,  after  all,  his  desires  are  still  craving  and 
still  unsatisfied. 

In  the  midst  of  such  labour  and  mental 
efforts   and  perplexities,   he  meets  with  fre- 
quent disappointments.     His  deeds  or  obliga- 
tioi:»*«  are  found  to  b6  defective ;  his  bills  are 
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refused  to  be  discounted  ;  his  agents  prove 
cheats  and  deceivers ;  storms  will  blow  iri 
spite  of  him,  and  sink  his  ships  in  the  mighty 
waters ;  floods  and  inundations  will  swtiep 
away  the  produce  of  his  fields ;  his  crops  will 
fail ;  his  cattle  die ;  his  debtors  abscond  or 
become  bankrupts,  and  the  devouring  flames 
will  seize  upon  his  houses  and  barns,  or  his 
shops  and  warehouses,  and  consume  them  to 
ashes.  In  all  such  cases,  where  a  contented 
mind  will  endeavour  to  submit  with  calmness 
to  the  allotments  of  Providence,  the  mind  of 
the  covetous  impugns  the  rectitude  of  the 
Divine  dispensation,  and  heaves  with  unutter- 
able throes  of  agony  and  despair.  In  the  lan- 
guage of  inspiration  '*  he  is  pierced  through," 
or,  compassed  on  every  side  "with  many 
sorrows"  and  the  inward  language  of  his 
heart  is — and  it  is  awfully  appropriate,  "  Ye 
have  taken  away  my  gods ;  and  what  have  I 
more  1"  Amidst  such  misfortunes  and  mental 
pangs,  he  is  frequently  left  without  friends, 
without  pity,  or  sympathy,  or  commiseration 
— 'Pointed  at  with  the  finger  of  scorn,  stung 
by  the  keen  scarcasnis  of  his  neighbours,  and 
considered  as  a  fit  mark  for  the  shafts  of  con- 
tempt and  derision,  while  the  lashes  of  his 
own  conscience  add  a  keenness  to  his  anguish. 
It  is  almost  needless  to  add,  that  he  derives  no 
enjoyment  from  the  exercise  of  kindness  and 
benignity,  from  the  pursuits  of  knowledge 
the  contemplation  of  nature,  the  aflectionate 
association  of  his  fellow-men,  or  the  satisfac- 
tion which  arises  from  deeds  of  beneficence^ 
for  his  degrading  pursuits  leave  him  neither 
leisure  nor  relish  for  such  refined  gratifications. 
Who,  then,  that  has  any  regard  to  rational 
enjoyment,  would  desire  the  state  of  mind, 
and  the  condition  of  such  a  wretched  mortalj 
even  although  his  bags  were  full  of  gold,  and 
his  barns  filled  with  plenty. 

Nor  are  the  enjoyments  much  superior,  of 
the  man  who  covets  riches  merely  for  the 
purpose  of  living  in  splendour  and  fashionable 
dissipation.  To  a  rational  mind  conscious  of 
its  dignity,. jind  of  the  noble  powers  v/ith  which 
it  is  furnished,  how  poor  a  gratification  would 
it  receive  from  all  the  pleasures  and  gewgaws 
that  fascinate  the  worldly  minded  and  the  gay  1 
Arc  the  pldlasures  derived  from  rich  viand^j 
delicious  wines,  costly  apparel,  stately  man- 
sions, splendid  equipages,  fashionable  parties 
and  diversions,  an  enjoyment  adequate  Ui 
the  sublime  faculties,  and  the  boundless  de- 
sires of  an  immortal  mind  ]  How  many  of 
those  who  make  such  pleasures  the  grand 
object  of  their  pursuit,  are  found  the  slaves 
of  the  most  abject  passions,  with  hearts  over- 
flowing with  pride,  rankling  with  envy,  fired 
with  resentment  at  every  trivial  affront,  re- 
vengeful of  injuries,  and  hurried  along,  by 
the    Uist   of  ambition,   into   every  folly   ans) 
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CTitravagance  1  Where  Hiich  passions  are 
continually  operating,  along  with  all  their 
idndred  emotions,  and  where  benevolence  is 
seldom  exercised,  it  is  impossible  that  true 
happiness  can  ever  be  enjoyed.  And  hence, 
we  find,  among  persons  of  this  description, 
more  instances  of  suicide,  anti  more  numerous 
examples  of  family  feuds,  contentions,  and 
separations,  than  among  any  other  class  of 
general  society.  So  that  there  is  no  reason 
to  desire  the  enjoyments  of  covetousness  in 
whatever  channel  it  may  run,  or  whatever 
shape  it  may  assume. 

4.  The  folly  and  iirationality  of  covetous- 
ness  appears,  when  ive  conuder  the  immortal 
destinafum  of  man. 

There  are  thousands  of  misers  and  other 
worldlings  who  are  governed  by  the  lust  of 
ambition  and  covetousness,  who  admit  the 
doctrine  of  a  future  state  of  punishments  and 
rewards.  Independently  of  those  arguments 
which  may  be  drawn  from  the  nature  of  the 
human  soul,  its  desires  of  knowledge  and 
capacious  intellectual  powers,  the  unlimited 
range  of  view  which  is  opened  to  these  facul^ 
ties,  throughout  the  immensity  of  space  and 
duration,  the  moral  attributes  of  God,  the  une- 
qual distribution  of  rewards  and  punishments 
in  the  present  state,  and  other  considerations, 
—there  is  a  premonition  and  a  powerful  im- 
pression in  almost  every  human  mind,  that  the 
range  of  its  existence  is  not  confined  to  the  pre- 
sent life,  but  that  a  world  of  bliss  or  woe  awaits 
it  beyond  the  grave.  And,  as  vast  multitudes 
of  worldly  and  avaricious  characters  are  to  be 
found  connected  with  the  visible  church,  or 
frequenting  its  services ;  by  this  very  circum- 
stance, they  formally  admit,  that  there  is 
another  scene  of  eKistence  into  which  they 
enter  at  the  hour  of  dissolution. 

Now,  how  irrational  and  inconsistent  is  it 
for  a  man  to  admit,  that  there  is  a  world 
beyond  the  present  which  is  to  be  the  scene 
of  his  everlasting  abode,  and  yet  continue  to 
have  his  whole  thoughts  and  affections  ab- 
mrbed  in  pursuing  the  riches  and  transiton,'- 
gratifications  of  the  present  life,  without  cast- 
ing a  serious  glance  on  the  realities  of  the 
invisible  state,  or  preparing  to  meet  them? 
If  we  had  just  such  views  of  all  the  mo- 
mentous realities,  and  the  scenes  of  glory, 
and  of  terror,  connected  with  the  idea  of  an 
eternal  world,  and  could  contrast  them  with 
the  vain  and  fleeting  enjoyments  of  this  mortal 
scene,  we  should  perceive  a  fully  and  even  a 
species  of  madness  in  such  conduct,  more 
astonishing  than  what  is  seen  in  any  other 
course  of  action  pursued  by  human  beings. 
If  a  man  have  an  estate  in  a  distant  country, 
on  the  proceeds  of  which  a  considerable  por- 
tion of  his  income  depends,  he  will  not  forget 
diat  he  has  an  interest  in  that  country ;  he 
33 


wall  correspond  with  it,  and  will  be  anxious 
to  learn  intelligence  respecting  its  affairs  from 
periodical  journals  and  other  sources  of  in- 
formation. If  a  person,  on  the  expiry  of  ten 
years,  has  the  prospect  of  entering  on  the 
possession  of  a  lich  inheritance,  he  will  look 
forward  to  it,  with  longing  expectations,  and 
will  employ  his  thoughts  in  making  arrange- 
ments for  enjoying  it,  though  perhaps  he  may 
not  live  to  take  possession.  Nay,  v/e  shall 
find  many  individuals  spending  weeks  and 
months  in  melancholy  and  chagrin  for  the 
loss  of  a  few  guineas  or  dollars,  and,  at  other 
times,  deriving  their  chief  pleasure  from  the 
prospect  of  a  paltry  gain.  Yet  strange  to  tell, 
many  such  persons  remain  altogether  insen- 
sible to  the  joys  and  sorrows  of  a  future  world, 
and  never  make  the  least  arrangement  in 
reference  to  that  state ;  although  there  is  an 
absolute  certainty  that  it  awaits  them,  and 
that  it  is  possible  they  may  be  ushered  into 
it  before  to-morrow's  dawn.  Can  any  speciea 
of  folly  with  which  men  are  chargeable,  be 
compared  with  such  apathy  and  indifference 
about  everlasting  things,  when  such  things 
are  admitted  to  have  a  real  existence  7 

It  is  a  dictate  of  wisdom,  and  even  of  com 
mon  sense,  that  when  a  person  has  a  prospect 
of  occupying  any  office  or  condition  in  life, 
he  ought  to  engage  in  that  course  of  prepara- 
tion which  will  qualify  him  for  performing  its 
duties  and  enjoying  its  comforts.  But  whal 
preparation  does  the  covetous  man  make  for 
enabling  him  to  relish  the  enjoyments,  and  to 
engage  in  the  exercises  of  the  eternal  world  1 
Will  heaping  up  silver  as  the  dust,  and  filbng 
his  bags  with  sovereigns  and  dollars,  and  con- 
centrafing  his  thoughts  and  affections  on 
such  objects,  prepare  him  for  the  sublime 
contemplations  of  the  spirits  of  just  men  made 
perfect,  and  the  hallelujahs  of  the  heavenly 
hostl  Will  his  hard  griping  disposition 
which  never  permitted  him  to  drop  the  tear 
of  sympathy,  or  to  relieve  the  widow  and  the 
orphan,  render  him  meet  for  associating  with 
the  inhabitants  of  that  world,  where  love  and 
the  purest  affections,  in  all  their  varied  ramifi- 
cations, forever  prevail  1  Will  his  anxious 
desires  and  his  incessant  toils  from  morning 
to  night,  to  add  to  the  number  of  his  guineas, 
and  the  extent  of  his  propert}",  qualify  him 
for  surveying  the  wonderful  works  of  God, 
and  contemplating  the  glory  of  Him  "who 
was  slain  and  hath  redeemed  us  to  God  by 
his  blood  1"  Can  any  man,  who  has  the 
least  spark  of  rationaHty  within  hini,  imagine 
that  such  conduct  and  such  dispositions,  are 
at  all  compatible  with  preparation  for  the  feli- 
cities of  the  heavenly  state!  Or,  does  the 
poor  degraded  miser  really  believe  that  heaven 
is  filled  with  bags  of  gold  and  silver,  and  that 
there  is  no  employment  there  but  "  buyijjg 
y2  <257> 
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and  selling,  and  getting  gamT"  If  the  man- 
sions of  heaven,  and  the  exercises  of  its  inha- 
bitants, be  such  as  the  Scriptures  delineate, 
then,  there  is  an  utter  incompatibility  between 
the  employments  of  the  celestial  state,  and 
the  train  of  action,  and  the  temper  of  mind, 
of  the  covetous  man,  which  renders  him  alto- 
gether unqualified  for  its  enjoyments.  And, 
if  he  be  unprepared  for  the  joys  and  the  ser- 
vices of  the  heavenly  state,  he  caimot,  in  con- 
sistency with  the  constitution  of  tlie  moral 
world,  be  admitted  into  its  mansions,  but  must 
necessarily  sink  into  ^'thu  blackness  of  dark- 
ness for  ever." 

Nor  are  the  pursuits  of  the  worldling,  who 
spends  his  vv^ealth  in  vanity  and  luxury,  more 
compatible  with  the  joys  of  the  heavenly 
world.  This  will  appear,  if  we  consider  some 
of  the  ingredients  which  enter  into  the  essence 
of  heavenly  felicity.  From  tiie  representa- 
tions of  this  state  given  in  tlie  Scriptures,  we 
iearn,  that  it  is  a  state  of  perfect  purity  and 
holiness;  that  the  minds  of  its  inhabitants 
are  irradiated  with  divine  knowledge,  and 
adorned  with  every  divine  virtue ;  that  love 
pervades  and  unites  the  hearts  of  the  whole 
of  that  vast  assembly ;  that  humility  is  one 
of  their  distinguishing  characteristics;  that 
they  are  for  ever  engaged  in  beneficent  ser- 
vices ;  that  the  contemplation  of  the  works 
and  ways  of  God  forms  a  part  of  their  em- 
ployment; and  that  they  are  unceasingly  en- 
gaged in  sublime  adorations  of  the  Creator  of 
the  universe,  in  contemplating  the  glory  and 
celebrating  the  praises  of  Him  "  who  hath 
loved  us,  and  washed  us  from  our  sins  in  his 
own  blood."  But  what  resemblance  is  there 
between  such  a  state  and  such  employments, 
and  the  pursuits  of  the  gay  worldling  whose 
heart  is  set  upon  his  riches  as  the  chief  object 
of  his  affections'?  Would  the  man  who 
spends  his  wealth  in  hounding,  horse-racing, 
eock-fighting,  and  gambling,  find  any  similar 
entertainments  for  his  amusement  in  the  upper 
world  ?  AVould  the  proud  and  ambitious, 
who  look  down  on  the  vulgar  throng  as  ii 
they  were  the  worms  of  the  dust,  and  who 
value  themselves  on  account  of  their  stately 
mansions  and  glittering  equipage,  find  any 
enjoyment  in  a  world  where  hursdlity  is  the 
distinguishing  disposition  of  all  its  inhal3itants  ? 
Would  the  warrior,  who  delights  in  carnage 
and  devastation,  expect  to  have  cities  to  storm, 
towns  to  pillaore,  or  anpies  to  manoDuvre,  or 


would  he  think  of  rehearsing  in  "  the  assembly 
of  the  just,"  the  deeds  of  violence  and  slaugli» 
ter  which  he  perpetrated  upon  eaith  '\  Would 
the  fine  lady  who  struts  in  all  the  gaiety  and 
splendour  of  dress,  who  spends  half  her  time 
at  her  toileiie,  and  in  fashionable  visits,  whose 
chief  delight  consists  in  ratthng  dice  and 
shuffling  cards,  in  attending  balls,  masque- 
rades, and  plays;  who  never  devotes  a  si ngk 
sovereign  to  beneficent  purposes,,  or  to  tho 
propagation  of  religion;  v.diose  life  is  otie 
continued  round  of  frivolity  and  dissipation  ' 
would  such  a  character  meet  with  any  similar 
entertainments  in  the  society  of  the  angelic 
hosts,  and  of  the  spirits  of  just  men  made 
perfect  ]  In  short,  can  it  be  supposed  in  con- 
sistency with  reason,  that  such  dispositions 
and  pursuits  have  a  tendency  to  produce  a 
relish  for  the  enjoyments  of  the  celestial 
world,  and  to  prepare  the  soul  for  joining, 
with  delight,  in  the  exercises  of  its  inhabitants  ? 
If  not,  then  such  characters  would  find  no  en- 
joyment, although  they  were  admitted  within 
the  gates  of  paradise ;  but,  like  the  gloomy 
owl,  which  shuns  the  light  of  day,  and  the 
society  of  the  feathered  tribes,  they  would  ^te 
from  the  society  and  the  abodes  of  the  blessed, 
to  other  retreats,  and  to  more  congenial  com- 
panions, 

1'hus  it  appears,  that  covetousness,  what- 
ever form  it  may  assume,  is  utterly  inconsistent 
Vt^ith  any  rational  or  scriptural  ideas  we  cao 
entertain  in  relation  to  man's  eternal  destinya 
He  is  a  poor,  pitiable  fool  who  makes  tlio 
slightest  pretences  to  religion,  while  his  heart 
is  the  seat  o^  avaricious  desires,  or  who  makes 
riches,  gay  apparel,  foolish  amusements,  and 
the  gratification  of  pride  and  vanity,  tlie  chief 
object  of  his  pursuit.  He  subjects  himself 
to  unnecessary  distress  by  the  compunctions 
of  conscience,  which  the  denunciations  of  re- 
hgion  must  occasionally  produce ;  and,  if  hs 
has  any  measure  of  common  sense,  he  must 
plainly  perceive,  that  any  hopes  of  happiness 
he  may  indulge  in  relation  to  a  future  state, 
are  founded  on  "  the  baseless  fabric  of  a 
vision."  The  only  consistent  plan,  therefore, 
which  he  can  adopt — if  he  is  determined  to 
prosecute  his  avaricious  courses— is,  to  endea- 
vour to  prove  religion  a  fable,  to  abandon 
himself  to  downright  scepticism,  to  scout  tho 
idea  of  a  Supreme  Governor  of  the  universe, 
and  to  try,  if  he  can,  to  live  "  without  GckI, 
and  without  hope  in  the  world/' 
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CHAPTER  III. 

On  the  Inconsistency  of  Covetousness  with  the   Word  of  God» 


There  is  no  vicious  propensity  of  the  hu- 
man heart  more  frequently  alluded  to,  and 
more  severely  denounced  in  the  scriptures  of 
truth,  than  the  sin  of  covetousness.  For  it 
strikes  at  the  root  of  all  true  religion,  saps  the 
foundati'bns  of  piety  and  hevevolence,  and  is 
accompanied  with  innumerable  vices  and  evil 
propensities,  which  rob  God  of  his  honour 
and  glory,  and  "  drown  men  in  destruction 
and  perdition."  It  would  be  too  tedious  to 
enter  into  all  the  views  which  the  word  of 
God  exhibits  of  the  nature  and  tendencies  of 
this  sin,  of  the  threatenings  which  are  de- 
nounced against  it,  and  of  its  utter  incon- 
sistency with  the  benevolent  spirit  of  the 
religion  of  Jesus;  and  therefore,  I  shall  select 
for  illustration,  only  two  or  three  prominent 
particulars. 

In  the  first  place,  this  propensity  is  branded 
in  Scripture  with  the  name  of  Idolatry. 
"  Let  not  covetousness,"  says  Paul  to  the 
Ephesians,  "  be  once  named  among  you,  as 
becometh  saints.  For  this  ye  know,  that  no 
covetous  man,  who  is  an  idolater,  hath  any 
inheritance  in  the  kingdom  of  Christ  and  of 
God."  And,  in  his  Epistle  to  the  Colossians, 
he  enumerates,  among  the  vices  which  bring 
down  the  wrath  of  God  upon  the  children  of 
disobedience,  ^^covetousness  which  is  idola- 
^ry."* 

Idolatry  is  one  of  the  greatest  crimes  of 
which  a  rational  being  can  be  guilty  ;  for  it  is 
that  which  is  the  source  of  all  the  ignorance, 
superstition,  cruelties,  immoralities,  and  ob- 
scene abominations  of  the  heathen  world. 
It  is  to  idolatry  we  are  to  accribe  the  burning 
of  widows  in  Hindostan,  the  cruel  rites  of 
Juggernaut,  the  exposing  of  the  sick  and 
dying  on  the  banks  of  the  Ganges,  the  mur- 
der of  infants,  the  infernal  sacrifices  of  the 
Mexicans,  the  making  of  children  pass  through 
the  fire  to  Moloch,  the  human  butcheries 
which  are  perpetrated  in  almost  every  pagan 
land  to  appease  imaginary  deities,  the  abomi- 
nations of  the  vincient  Canaanites,  the  mur- 
ders and  obscenities  of  the  South  Sea  Islanders, 
the  degradation  of  intellect  which  is  found  in 
every  heathen  country,  and  the  innumerable 
vices  and  moral  pollutions  of  all  descriptions 
which  abound  among  the  tribes  and  nations 
that  are  ignorant  of  the  living  and  true  God. 
So  that  idolatry  may  be  considered  as  a  com- 

*  Ephei.  V.  3,  .*>.    Colos.  iii.  5. 


prehensive  summary  of  every  species  of  vna* 
iignity,  impiety,  and  wickedness. 

It  was  for  this  reason  that  the  children  (vf 
Israel  were  separated  from  the  nations  around, 
and  so  strictly  interdicted  from  the  least  inter- 
course or  communion  with  idolaters.  So 
"jealous"  was  the  God  of  Israel  in  reference 
to  idolatry,  that  the  least  approach  to  such 
worship,  either  in  word  or  action,  or  even  in 
imagination,  was  pointedly  forbidden : — "In 
all  things  that  I  have  said  unto  you  be  circum- 
spect ;  make  no  mention  of  the  naivte  of  other 
gods,  neither  let  it  be  heard  out  of  thy  mouth. 
Thou  shalt  not  bow  down  to  their  gods  nor 
serve  them,  nor  do  after  their  works,  but  thou 
shalt  utterly  overthrow  them  and  quite  break 
down  their  images ;  ye  shall  destroy  their 
altars  and  cut  down  their  groves.  Neither 
shalt  thou  make  marriages  with  them ;  for 
they  will  turn  away  thy  son  from  following 
me,  and  the  anger  of  the  Lord  will  be  kindled 
and  destroy  thee  suddenly ."■]- 

If  idolatry  had  not  been  strictly  forbidden 
and  undermined,  the  knowledge  and  the  wor- 
ship of  the  true  God  would  never  have  been 
established  in  the  earth.  In  accordance  with 
these  injunctions,  the  first  and  fundamental 
precept  of  the  moral  law  was  given,  which 
has  a  reference  not  only  to  the  Jews,  but 
to  all  the  inhabitants  of  the  world,  "thou 
shalt  have  no  other  gods  before  me  /"and  the 
second,  which  forbids  any  visible  representa- 
tions of  Deity,  has  this  strong  and  impressive 
sanction,  "for  I,  the  Lord  thy  God,  am  a 
jealous  God,  visiting  the  iniquity  of  the 
fathers  upon  the  children  unto  the  third  and 
fourth  generation  of  them  that  hate  me." 
For  this  reason,  likewise,  the  nations  of  Ca- 
naan were  devoted  to  utter  destruction.  For 
they  not  only  worshipped  a  multitude  of 
strange  gods,  but  offered  human  victims  on 
their  altars,  and  sacrificed  even  their  sons  and 
daughters  to  devils ;  and  such  practices  led  to 
adultery,  incest,  sodomy,  bestiality,  and  other 
kindred  crimes,  by  which  these  nations  were 
distinguished ;  so  that,  by  these  abominations, 
they  rendered  themselves  unworthy  of  a  place 
within  the  precincts  of  terrestrial  existence; 
they  were  blotted  out  as  a  stain  upon  the 
creation  of  God ;  and  their  doom  was  intended 
as  an  awful  warning  to  the  Israelites,  of  the 
evil  and   danger  of  turning  aside  from  the 

t  Exod.  xxiii.  13,  24,  &c    Deut.  vii.  3,  &c. 
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true  God  to  idolatry.  Hence  the  curses  and 
denunciations  that  were  threatened  against 
the  least  tendency  of  the  heart  to  idol-worship. 
"  Cursed  he  the  man  that  maketh  any  graven 
or  molten  image,  an  abomination  to  the  Lord, 
the  work  of  the  hands  of  the  craftsman,  and 
putteth  it  in  a  secret  place."  "Every  one  of 
the  house  of  Israel,  or  of  the  stranger  that 
sojourneth  in  Israel,  who  separateth  himself 
fiom  me,  and  setteth  up  his  idols  in  his  heart, 
and  cometh  to  a  prophet  to  inquire  of  him 
concerning  me,  I  the  Lord,  will  answer  him 
by  myself,  and  I  will  set  my  face  against  that 
man,  and  will  make  him  a  sign  and  a  proverb, 
and  I  will  cut  him  off  from  the  midst  of  mif 
people,  and  ye  shall  know  that  I  am  Je- 
hovah."* Htjnce  the  punishment  of  death 
which  was  uniformly  denounced  and  inflicted 
upon  the  idolater.  "If  there  be  found  among 
you  man  or  woman  that  hath  gone  and  served 
other  gods  and  worshipped  them,  either  the 
sun  or  moon,  or  any  of  the  host  of  heaven  ; 
then  shalt  thou  bring  forth  that  mm  or  that 
woman,  who  have  committed  that  wicked 
thing,  unto  thy  gates,  and  shalt  stone  them 
with  stones  till  they  die."|  Such  denuncia- 
tions may  be  seen  running  through  the  whole 
of  the  prophetical  writings  in  reference  to  Is- 
rael ;  and  almost  every  judgment  of  God, 
either  threatened  or  inflicted,  is  ascribed  to 
the  abounding  of  idolatry,  and  the  sins  con- 
nected with  it,  as  its  procuring  cau^se. 

These  circumstances,  therefore,  may  be  con- 
sidered as  stamping  upon  idolatry  a  higher 
degree  of  opprobiura  and  malignity  than  upon 
any  other  crime ;  and  consequently,  as  repre- 
senting the  idolater  as  the  most  depraved  and 
degraded  of  human  beings.  We  are,  there- 
fore, apt  to  recoil  from  such  a  character,  as 
one  who  labours  under  a  peculiar  mental  and 
moral  derangement,  in  virtually  denying  the 
first  principle  of  human  reason,  and  "  the  God 
that  is  above" — as  one  whom  we  would  al- 
most shudder  to  receive  into  our  company, 
and  would  think  unworthy  to  enjoy  the  com- 
mon sympathies  of  human  creatures.  But, 
wherein  lies  the  great  difference  between 
"  the  covetous  man  who  is  an  idolater,"  and 
him  w^ho  falls  down  to  Moloch  or  Juggernaut, 
or  w^orsuips  the  sun,  and  moon,  and  the  host 
of  heaven  1  There  is  the  same  mental  de- 
rangement, the  same  malignity  of  affection, 
and  the  same  dethronement  of  God  from  the 
heart,  in  the  former  case  as  in  the  latter, 
though  they  are  manifested  by  different  modes 
of  operation.  Let  us  consider,  for  a  little,  the 
resemblance  between  these  two  moda'j  of 
»dolatry. 

Covetousness  may  be  considered  in  two 
points  of  view :  as  consisting  either  in  the  in- 

*  Dent  xxvii.  15.    Ezek,  xiv.  7,  8 
f  Deut.  xvii.  2,5. 
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ordinate  love  of  money  on  its  own  ac&mfit^ 
or  in  the  love  of  those  sensitive  gratifications 
which  it  procures  ;  and  in  both  these  respectsi 
it  may  be  shown  to  partake  directly  of  the 
nature  of  idolatry.  In  what  does  the  essence 
of  idolatry  consist,  but  in  the  estrangement 
of  the  heart  from  God,  and  setting  up,  in 
competition  with  him,  any  other  object,  as  the 
supreme  object  of  our  affections  and  the  ulti- 
mate end  of  all  our  pursuits  1  While  the 
pious  soul  joins  in  unison  with  the  Psalmist, 
and  says,  "whom  have  I  in  heaven  but  thee, 
O  Lord,  and  there  is  none  on  earth  that  I  de» 
sire  besides  thee ;"  the  covetous  man  says  of 
his  gold,  "  thou  art  my  hope,  and  to  the  fine 
gold,  thou  art  my  confidence.  I  rejoice,  be- 
cause my  wealth  is  great  and  my  hands  have 
gotten  me  much."  And  such  mental  idolatry 
is  no  less  irrational  and  hateful  in  the  sight 
of  the  Most  High,  than  that  of  the  blinded 
pagan  who  prostrates  himself  before  a  block 
of  wood  or  the  figure  of  a  crocodile. 

Pagan  idolatry  consists  either  in  worship- 
ping the  sun,  moon,  or  stars,  or  in  paying 
homage  to  a  statue  of  gold  or  silver,  brass  or 
stone.  Mental  idolatry  consists  in  paying  a 
similar  homage  to  gold  and  silver,  ev:her  ab- 
stractly considered,  or  to  those  sensual  objects 
and  pleasures  whi.*h  they  are  the  means  of 
procuring.  The  idolater  bovi's  down  before 
the  shrine  of  a  splendid  image ;  perhaps  one 
formed  of  the  richest  materials,  such  as  the 
golden  image  set  up  by  Nebuchadnezzar,  in 
the  plain  of  Dura,  which  was  ninety  feet 
high,  and  contained  a  thousand  Babylonish 
talents  of  gold,  or  about  four  millions  of  Bri- 
tish money.  To  this  splendid  image  he  pays 
his  homage  in  the  midst  of  assembled  multi- 
tudes, and  at  the  sound  of  the  correct,  flute, 
harp,  sackbut,  psaltery,  dulcimer,  and  all  kinds 
of  music.  The  glittering  pomp  and  splendour 
of  such  a  scene  fascinates  his  aflections  and 
overpowers  his  reason,  so  that  he  may  be  led 
for  a  moment  to  imagine  that  it  is  a  fit  repre- 
sentation of  the  unknown  God.  But  the 
covetous  idolater  worships  an  image,  or  an 
imaginary  idea,  still  more  degrading.  He 
adores,  or,  in  other  words,  he  conrentraies  hi? 
ajfections  upon  a  circular  piece  of  gold  whic  h 
he  can  carry  in  his  pocket,  or  a  thousand  such 
pieces  tied  up  in  a  bag,  or  locked  in  his  cof- 
fers. On  such  objects  his  mind  incessantly 
broods,  even  when  they  are  not  present  to  his 
senses ;  and  when  he  is  deprived  of  them  by 
any  accident,  he  is  overwhelmed  with  anguish, 
and  exclaims  in  despair,  "  my  gods  are  taken 
away,  and  what  have  I  more  ]"  Inhere  can 
be  no  essential  difference  between  gold  and 
silver  shaped  into  statuary,  adorned  with 
splendid  trappings,  and  set  up  for  the  worship 
of  Pagan  nations,  and  the  same  metals  shaped 
into  the  form  of  guineas,  crowns,  and  dollars 
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to  which  a  similar  homage  is  paid  by  the  in- 
habitants of  an  enlightened  land.  The  forms 
of  the  idol  and  ihe  modes  of  adoration  are 
somewhat  different;  but  the  idolatry,  in  all 
its  main  points  and  bearings,  is  substantially 
the  same.  Which  of  these  species  of  idola- 
try, then,  is  most  irrational  and  debasing] 
There  can  no  apology  whatever  be  made  for 
idol-worship,  in  any  shape  or  under  any  cir- 
cumstances. But,  in  the  case  of  the  Pagan 
idolater,  there  may  be  certahi  extenuating 
circumstances.  The  ignorance  and  supersti- 
tion in  which  he  has  been  trained  from  early 
life,  the  opinions  of  his  relatives  and  of  so- 
ciety around  him,  the  strong  prejudices  and 
the  numerous  associations  connected  with  the 
religion  of  his  country,  the  importance  he  has 
been  taught  to  attach  to  his  superstitious  rites, 
and  the  apparent  splendour  of  the  idol  he 
adores,  and  of  the  ceremonies  connected  with 
its  worship,  might  lead  us  to  commiserate, 
while  we  cannot  but  condemn,  the  idolatrous 
heathen.  \V'"e  might  almost  cease  to  wonder 
that  a  rude  savage  should  mistake  the  glorious 
sun  in  the  firmament  for  his  Almighty  Maker, 
and  the  silver  moon  and  the  radiant  stars  for 
the  ministers  of  his  kingdom.  When  we 
consider  the  splendours  they  exhibit,  the  light 
they  diffuse,  and  the  general  utility  of  their 
influence  on  terrestrial  objects,  we  can  scarcely 
be  surprised  that  fallen  reason  should  have 
mistaken  them  for  their  Divine  Oiiginal.  But 
what  sympathy  can  we  feel,  or  what  apology 
can  we  make  for  those  who  are  trained  in  a 
civilized  and  Christian  country,  who  are  freed 
from  Pagan  prejudices,  who  have  the  free  use 
of  their  reasoning  powers,  and  who  have  been 
instructed  in  the  existence  and  attributes  of 
an  Almighty  and  Eternal  Being,  and  yet 
practice  an  idolatry  even  more  degrading  than 
that  of  the  Lama  of  Thibet,  or  of  the  most 
untutpred  savage]  "Be  astonished,  O  ye 
heavens,  at  this,  and  be  horribly  afraid  !  For 
my  people  (saith  God)  have  forsaken  the 
fountain  of  living  waters,™ hewn  out  to  them- 
selves broken  and  empty  cisterns,  and  have 
gloried  in  their  shame." 

The  other  species  of  covetousness- — namely, 
that  which  consists  in  gratifying  the  lust  of 
the  flesh  and  the  pride  of  life,  while  God  is 
banished  from  the  heart,  partakes  no  less  of 
die  nature  of  idolatry,  than  that  which  con- 
sists in  the  love  of  money,  abstractly  consi- 
dered. He  who  is  incessantly  engaged  in  the 
pursuit  of  money  for  the  purpose  of  increas- 
ing the  extent  of  his  property,  living  in  luxury 
and  splendour,  dashing  along  in  his  chariot, 
holding  intercourse  with  the  higher  ranks  of 
society,  spending  his  time  in  fashionable  di- 
versions, or  in  laying  up  a  fortune  for  his  de- 
ficendants,  to  render  them  independent,  while 
tu'  has  no  higher  ends  or  aims,  is  as  much  an 


idolater  as  the  votary  of  Bacchus,  or  the  wor- 
shipper of  Baal.  For,  if  such  pursuits  be 
considered  as  the  great  ends  of  our  existence; 
if  they  occupy  the  greatest  share  of  out 
thoughts  and  affections ;  if  our  chief  happi- 
ness is  placed  on  the  enjoyments  they  afford  ; 
if  every  thing  else  is  estimated  only  in  so  far 
as  it  contributes  to  such  ends,  and  "  if  we 
trust  in  the  abundance  of  our  riches,  and 
make  not  God  our  confidence,"  we  frustrate 
the  great  ends  for  which  we  were  bi ought 
into  existence,  and  are  guilty  of  every  thing 
that  enters  into  the  essence  of  idolatry.  Tlje 
first  duty  of  every  rational  creature  is  to  love 
God  supremely  and  affectionately,  to  render 
him  the  highest  homage  of  our  hearts,  and  to 
serve  him  throughout  every  period  of  our  ex- 
istence, in  preference  to  every  other  object  or 
being.  In  this  manner  we  testify  that  he  is 
Divinely  Great  and  Excellent,  worthy  of  our 
highest  reverence  and  regard,  and  that  we  are 
under  obligations  to  Him  for  every  enjoyment 
we  possess.  Angels,  and  the  holy  inhabitants 
of  all  worlds,  are  obedient  to  his  laws,  and 
make  his  glory  the  great  end  of  all  their  ac- 
tions. They  bow  in  cordial  submission  to 
his  allotments,  "  they  do  his  pleasure  and 
hearken  to  the  voice  of  his  word,"  and  he  is 
the  supreme  object  of  their  affection  and  ado- 
ration. But,  when  we  permit  any  other  ob- 
ject to  occupy  our  supreme  regard,  affection 
or  esteem,  we  virtually  dethrone  Jehovah  from 
our  hearts,  and  banish  him  from  his  own  uni- 
verse. "  If  we  make  gold  our  hope,  and  fine 
gold  our  confidence,"  if  the  favour  of  the 
great,  the  honour  that  coraeth  from  men,  the 
vain  pageantry  of  life,  the  richness  of  our 
dress,  the  elegance  of  our  furniture,  the  inde- 
pendence of  our  fortune,  and  the  greatness  of 
the  inheritance  we  provide  for  our  children, 
are  the  objects  that  stand  highest  in  our  affec- 
tions; these  are  the  gods  at  whose  shrine  we 
worship,  and  whose  attributes  we  adore.  In 
so  doing,  we  are  guilty  of  the  grossest  false- 
hood;  for  we  practically  deny  that  Jehovah 
is  possessed  of  those  attributes,  which  demand 
the  highest  tribute  of  homage  and  affection 
from  his  intelligent  offspring.  We  are  guilty 
of  i7ijustice ;  for  we  violate  the  rightful  claim 
of  the  Deity  to  the  obedience  of  rational 
agents,  and  render  to  creatures  the  service  and 
regard  which  is  due  to  Him  alone.  We  are 
guilty  of  the  basest  ingratitude ,-  for,  to  his 
Power  and  Wisdom  we  owe  our  very  exist- 
ence, and  to  his  boundless  Benevolence,  all 
the  rich  variety  of  comforts  we  enjoy.  In 
short,  by  such  conduct,  we  give  evidence  that 
pride,  rebellion,  selfishness,  hatred  of  moral 
excellence,  and  all  their  kindred  emotions 
rankle  in  our  breasts,  and  sway  their  sceptre 
over  all  our  moral  faculties. 

This  sin  is  not  onlv  neculiarly  malignant  in 
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Itself,  but  lies  at  the  foundation  of  every  other 
species  of  impiety  and  luickedness.  The 
commencement  of  moral  turpitude  in  any  in- 
telligent being,  wherever  existing  throughout 
creation,  is  found  in  the  alienation  of  the 
heart  from  God,  and  the  preference  of  any 
other  object  to  the  Eternal  Jehovah.  Hence 
the  fall  of  Lucifer,  and  the  malignity  of  his 
designs,  and  the  dismal  effects  which  have 
followed  in  the  moral  order  of  our  terrestrial 
system ;  and  hence  the  anxiety  which  this 
arch  enemy  of  the  moral  universe  displayed 
in  order  to  tempt  the  Saviour  of  the  world 
to  eovetoiisness,  ambition,  and  distrust  m  the 
care  of  Divine  Providence.  In  proportion  as 
this  spirit  prevails,  vAW  wickedness  of  every 
kind  reign  triumphant.  Wherever  God  is 
acknowledged,  and  loved,  and  adored,  all  di- 
vine virtues  flourish  and  shed  their  benign 
influence.  But  wherever  the  affections  are 
ahenated  from  the  original  source  of  felicity, 
every  heavenly  virtue  declines  and  dies,  and 
its  place  is  usurped  by  every  species  of  moral 
abomination. 

Hence  the  monstrous  iniquities  and  cruel- 
ties, flowing  from  their  religion,  which  have 
distinguished  every  nation  of  the  heathen 
world.  As  they  had  gods  of  all  descriptions 
and  characters ;  as  almost  every  being,  real 
or  imaginary,  was  included  in  the  list  of  dei- 
ties; as  every  degree  of  stupidity,  folly,  im- 
purity, revenge,  and  other  species  of  moral 
turpitude,  was  attributed  to  such  beings, — 
so  the  moral  conduct  of  their  votaries  cor- 
responded with  the  character  of  the  idols  at 
whose  shrines  they  paid  their  adorations. 
Hence  the  unnatural  ci^uelties  connected  with 
their  worship;  the  various  species  of  tor- 
ture enjoined  for  obtaining  remission  of  sins ; 
the  thousands  of  human  victims  which  have 
bled  and  are  still  sacrificed  on  their  altars; 
the  murder  of  female  infants  as  soon  as  they 
breathe  the  vital  air ;  the  burning  of  widows 
on  the  bodies  of  their  deceased  husbands  ; 
the  crushing  to  death  of  the  worshippers  o^ 
Juggernaut,  and  the  want  of  humanity  and 
natural  affection  which  forms  a  striking  cha- 
racteristic of  the  rites  of  Paganism.  Hence  the 
spirit  of  daring  /<2/se^ooc?  displayed  in  their 
lying  oracles  and  modes  of  divination,  their 
pretended  cures  of  diseases,  their  selection  of 
human  victims,  their  representations  of  the  fu- 
ture world,  their  fallacious  predictions,  dreams, 
and  visions,  which  pervade  the  whole  of  their 
mysteries  and  systems  of  mythology.  Hence 
the  obscene  pollutions  and  abominations  in- 
corporated with  the  ceremonies  of  idolatry, 
by  which  both  matrons  and  virgins,  with  the 
most  revolting  rites,  are  consecrated  in  an 
idol-temple,  to  a  life  of  impurity  and  prostitu- 
tion ;  and  hence  the  wars  of  revenge  and  de- 
''astation,  with  all  the  enormities,  immoralities, 
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and  revolting  atrocities,  which  have  followtiir 
in  their  train. 

Now,  the  idolatry  of  covetousness ;  as  hav' 
{7ig  its  origin  in  the  same  alienation  fi^om 
God,  and  the  same  depravity  of  the  affections, 
is  the  source  of  similar  evils  and  immoralities, 
wherever  its  influence  extends,  as  appears 
from  certain  facts  and  illustrations  already 
stated,  and  which  I  shall  more  particularly 
elucidate  under  another  department  of  this 
subject.  When  the  objects  on  which  tlie 
mind  is  fixed,  are  low,  debased,  and  impure ; 
and  when  they  are  connected  with  pride, 
falsehood,  ingratitude,  inhumanity  and  injus- 
tice, being  destitute  of  higher  conceptions  and 
nobler  aims,  it  conforms  all  its  views  and 
affections  to  the  character  of  such  objects, 
and,  therefore,  nothing  can  flow  forth  in  the 
conduct  but  what  is  immoral  and  impure. 
God  is  the  sun  of  the  human  soul,  and  of 
every  intelligent  being.  Wherever  he  dis- 
plays his  radiance,  there  is  moral  day,  spirit- 
ual life,  and  holy  energy;  and,  under  his 
quickening  beams,  every  divine  virtue  springs 
up  with  vigour  and  beauty.  But,  where  the 
light  of  this  divine  Luminary  is  excluded,  and 
the  eyes  of  the  understanding  shut  to  its 
glorious  excellencies,  darkness  and  desolation 
ensue ;  a  moral  winter ,  chills  every  faculty, 
and  the  genuine  fruits  of  righteousness  can 
never  appear.  And  hence  the  world  has 
become  little  else  than  a  suburb  of  Pande- 
monium, the  greater  part  of  its  inhabitants 
"  being  filled  with  all  unrighteousness,  forni- 
cation, wickedness,  maliciousness,  envy,  de- 
ceit, and  malignity ;"  and  bearing  the  character 
of  "  backbiters,  haters  of  God,  proud,  boasters, 
covenant-breakers,  inventors  of  evil  things, 
disobedient  to  parents,  without  natural  affec- 
tion, implacable,  and  unmerciful.  Who  know- 
ing the  judgment  of  God ;  that  they  who  do 
such  things  are  worthy  of  death,  not  only  do 
the  same,  but  have  pleasure  in  them  that  do 
them." 

Again,  covetousness  hears  another  resem- 
hlance  to  idolatry,  in  that  it  is  essentially 
connected  with  Atylya^m. 

Idolatry,  strictly  speaking,  is  not  atheism  \ 
for  it  recognizes  the  existence  of  superioj 
beings  as  the  objects  of  adoration.  But, 
although  in  theory,  there  appears  a  shade  of 
difference,  it  is  substantially  the  same,  «9  to 
all  its  practical  results.  For,  in  banishnig 
the  idea  of  the  true  God  from  the  understand- 
ing and  the  affections,  it  virtually  deposes  the 
Divinity  from  the  universe  ;  and  all  the  immo- 
ralities and  enormities  which  would  flow  from 
atheism,  were  its  influence  universal,  result 
from  heathen  idolatry,  wherever  it  abounds- 
The  same  thing  may  be  said  of  covetousness ; 
it  is  virtually,  and  to  all  intents  and  purposes, 
a  species  of  atheism.     For,  if  atheism  throws* 
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•off  all  conridence  in  God,  and  trust  in  his 
Providence,  so  does  covetousness  in  all  its 
multifarious  transactions.  Look  at  the  man 
whose  highest  object  is  to  jnake  a  fortune, 
and  to  fdl  his  coffers  with  gold.  He  devotes 
his  time,  his  affections,  the  power  of  his 
understanding,  and  his  acquired  knowledge 
and  experience,  with  a  steady  and  persevering 
nim  to  secure  this  ultimate  end.  He  sits  all 
day  long  in  his  shop  or  counting-house,  poring 
over  his  ledgers,  examining  his  bills  and  secu- 
1  ities  with  unremitting  attention  ;  devising 
plans  of  profit,  selecting  every  mean  that 
ingenuity  can  suggest,  and  seizing  on  every 
opportunity,  however  deceitful  the  means 
employed,  for  diiving  a  profitable  bargain, 
and  increasing  his  store.  No  hopes  transport 
him  but  the  prospect  of  gain,  and  no  fears 
torment  him  but  the  risk  of  loss,  except,  per- 
haps, the  chance  of  accidents  or  the  fear  of 
death.  When  he  has  placed  his  treasures  in 
proper  security,  whether  in  his  bags  or  coffers, 
in  the  bank  or  the  stocks,  in  title  deeds  or 
books  of  registration,  he  feels  himself  as  inde- 
pendent upon  God,  and  the  movements  of  his 
Providence,  as  if  a  Supreme  Moral  Governor 
had  no  existence.  Without  such  securities, 
he  feels  no  more  dependence  on  an  Invisible 
Power,  than  the  confirmed  and  avowed  atheist. 
I  appeal  to  every  one  who  knows  the  world,  and 
to  the  consciences  of  multitudes,  if  there  are 
not  thousands  of  characters  of  this  description 
in  the  church,  the  state,  and  every  department 
of  the  commercial  world.  And  what  is  the 
great  difference  between  such  dispositions 
and  conduct,  and  downright  atheism  1  Sup- 
pose the  idea  of  a  Deity  to  be  a  mere  chimera, 
and  the  notion  of  his  existence  for  ever  ban- 
ished from  their  thoughts,  would  their  conduct 
be  much  altered,  or  would  it  be  altered  in  the 
least ']  except  perhaps  that  they  v*^ould  deem 
it  unnecessary,  in  compliance  with  custom,  to 
attend  the  external  forms  of  worship.  Would 
they  be  more  griping,  deceitful  or  penurious, 
more  eager  and  persevering  to  lay  up  treasures 
on  earth,  and  to  add  house  to  house  and  field 
to  field,  or  trust  more  confidently  in  their 
riches,  or  feel  more  independent  of  a  Supreme 
Being,  than  they  do  at  present?  It  cannot 
be  supposed  ;  for  they  have  already  carried 
these  propensities  and  practices  to  the  highest 
pitch,  which  their  ingenuity  and  energies 
would  permit;  and  therefore,  the  existence 
or  non-existence  of  the  Deity  may  be  con- 
eidered  in  relation  to  such  characters,  as  a 
matter  of  mere  indifference.  Their  wealth 
stands  to  them  in  the  place  of  God,  on  which 
they  depend,  and  to  which  they  look  as  the 
fountain  of  their  enjoyments,  and  the  founda- 
tion of  all  their  future  prospects,  both  for 
themselves  and  their  descendants.  Eten 
although   the  whole   course  of  nature  were 


deranged,  the  earth  turned  into  a  dry  imd 
parched  desert,  "  the  windows  of  heaven" 
never  opened  to  pour  down  fruitfulness  upon 
the  earth,  and,  consequently,  money  cease  to 
be  of  any  utility  for  procuring  the  means  of 
enjoyment;  still,  such  are  the  associationn 
connected  with  this  irrational  propensity,  that 
they  v^'ould  cling  to  gold  and  silver,  and 
houses  and  landed  property  as  their  darling 
object,  "  their  high  tower  and  rock  of  defence." 
The  same  things  may  be  affirmed  in  regard 
to  those  who  covet  money  for  the  sole  purpose 
of  self-gratification,  and  indulging  in  luxury 
and  sensual  enjoyments.  *  They  drink  of  the 
streams,  but  forget  the  fountain.  They  store 
up  from  the  rich  abundance  of  nature,  what- 
ever treasures  they  can  collect  for  contributing 
to  their  splendour  and  giving  a  relish  to  the 
pleasures  of  their  senses ;  but  they  forget  the 
benevolent  operations  of  Him  "who  givdth 
rain  from  heaven  and  fruitful  seasons,  and 
filleth  the  hearts  of  men  with  food  and  glad- 
ness." They  buoy  themselves  up  with  the 
idea  that  their  own  wealth  and  power  and 
influence  have  procured  them  these  enjoy- 
ments, while  they  regard  not  the  Hand  and 
Power  of  that  Almighty  Being  who  super- 
intends the  minutest  agencies  of  the  material 
system,  and  who  "  giveth  to  all,  life  and  breath 
and  all  things."  They  enjoy  the  comforts  of 
splendid  mansions,  and  delightful  gardens; 
they  relish  the  juice  of  the  strawberry,  the 
peach,  and  the  nectarine,  and  regale  them- 
selves with  the  fruit  of  the  vine ;  but  to  Him 
"  who  giveth  them  all  things  richly  to  enjoy, 
and  to  the  intimations  of  his  will,  they  pay  no 
more  regard  than  they  do  to  a  breath  of  wind, 
or  to  what  is  going  on  in  the  upper  regions  of 
the  atmosphere.  Now,  what  would  be  the 
difference,  in  the  feelings  and  practice  of  such 
persons,  although  it  could  be  proved  to  a 
demonstration  that  a  Supreme  and  Eternal 
Mind  had  no  existence  1  Although  the  world 
had  sprung  from  a  fortuitous  concourse  of 
atoms,  and  were  going  forward  through  inter- 
minable changes  without  the  direction  and 
control  of  an  all-pervading  Spirit,  and  although 
every  individual  were  to  consider  himself  as  a 
part  of  an  independent  system  of  material  ex- 
istence unconnected  with  mind  or  moral  error, 
would  there  be  less  of  true  adoration  or  grati- 
tude to  an  invisible  Creator,  or  less  reliance 
on  a  superintending  Providence,  in  the  case 
of  such,  than  there  is  at  present?  Would 
the  hunter  after  places  and  pensions  be  more 
keen  in  his  aspirations  after  posts  of  opulence 
and  honour  1  Would  the  gambler  be  more 
eager  in  prosecuting  his  demoralizing  pur- 
suits 1  Would  the  pride  of  rank  and  dress 
and  equipage  be  carried  to  a  higher  pitch 
than  it  now  is  1  Would  the  votary  of  fash- 
ionable dissipation  pursue  his  giddy  course 
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with  more  rapifllty  and  vehement  desire  1 
Would  there  be  more  horse-racing,  cock- 
fighting,  hounding,  balls,  masquerades,  and 
other  frivolous  and  vicious  diversions,  or  less 
money  bestowed  by  those  who  are  absorbed 
in  such  entertainments  for  the  relief  of  the 
widow  and  the  orphan,  for  the  propagation 
of  religion,  and  for  the  general  improvement 
of  mankind  1  We  have  no  reason  to  believe 
tliat  any  essential  difference  would  be  per- 
ceptible in  the  general  pursuits  of  the  world- 
lings to  whom  I  allude.  For,  as  it  is  evident, 
from  their  governing  disposition,  and  the 
general  train  of  their  conduct,  that  "  God  is 
not  in  all  their  thoughts,"  that  "  they  live 
without  God  in  the  world,"  and  that  many 
of  them  have  already  "run  to  the  utmost 
excess  of  riot,"  and  licentiousness — -so  we 
have  no  valid  reason  to  conclude,  that  any 
considerable  change  would  take  place,  al- 
though they  acted  on  the  full  belief,  that 
the  visible  world,  and  its  several  elementary 
parts  are  all  that  we  have  to  do  with,  and  ail 
that  exists  in  the  universe. 

In  the  train  of  thought  and  action  of  such 
individuals,  there  is  a  certain  resemblance  to 
the  atheism  (if  I  may  so  express  it)  of  the 
inferior  animals.  "  The  hart  panteth  after 
the  brooks  of  water,  and  quenches  its  thirst 
at  the  flowing  stream ;  the  ox  browses  on  the 
grass,  and  lies  down  and  ruminates,  till  he  is 
satisfied ;  the  lion  roars  after  his  prey ;  the 
goats  clamber  among  the  high  hills  and  rocks, 
tlie  wild  deer  gambol  through  the  lawn  and 
forests,  and  the  fowls  of  heaven  wing  their 
flight  through  the  air,  and  rejoice  to  perch 
and  "  sing  among  the  branches." 

In  such  gratifications  and  exercises,  every 
sentient  being  finds  its  peculiar  enjoyment, 
and  looks  no  higher  when  its  wants  are  sup- 
plied and  senses  gratified.  The  worldling, 
too,  finds  enjoyment  in  the  exercise  of  his 
physical  powers,  and  in  the  rich  and  diversi- 
fied bounties  of  nature;  and  the  keenness 
with  which  he  rushes  forward  to  participate 
of  his  viands,  his  delicious  wines  and  other 
sensual  pleasures,  bears  a  certain  resemblance 
to  that  of  the  inferior  tribes  when  they  rush 
to  their  peculiar  food  or  beverage  and  satiate 
their  desires.  But,  in  both  cases,  the  physical 
■materials  of  the  enjoyment,  or  the  pleasures 
arising  from  the  adaptation  of  the  senses  to 
the  objects  of  external  nature,  are  all  that 
they  recognize ;  while  the  Great  Author  of 
their  enjoyments  is  unheeded  and  unacknow- 
ledged. In  the  one  case,  it  is  owing  to  the 
want  of  faculties  capable  of  appreciating  the 
existence  and  character  of  a  Supreme  Bene- 
factor; in  the  other,  to  the  pei*version  of 
rational  powers  adequate  for  tracing  every 
comfort  to  its  original  source.  The  one,  from 
the  original  constitution  of  its  nature,  is,  so 
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far  as  we  know,  incapable  of  perceiving  m 
acknowledging  God;  the  other  "does  noi 
like  to  retain  God  in  his  knov/ledge."  Ho 
might  raise  his  thoughts  to  his  Almighty 
Benefactor,  if  he  chose,  and  acknowledge  his 
bounty ;  but  he  chooses  to  shut  his  eyes  to 
the  evidences  of  his  unceasing  agency  a  id 
beneficence,  and  to  harden  his  heart  against 
him.  Though  he  has  been  endowed  with 
more  knowdedge  than  the  beasts  of  the  field, 
and  made  wiser  than  the  fowls  of  heaven, 
yet  his  superior  powers  have  carried  him  no 
nearer  to  the  fountain  of  happiness,  than  the 
instinct  of  the  brutes.  In  short,  his  atheism 
is  nearly  as  complete  as  theirs— with  this  dif- 
ference, that  while  they  fulfil  their  destination 
and  act  up  to  the  constitution  of  their  natures, 
he  degrades  the  moral  and  intellectual  facul- 
ties with  which  he  is  invested,  by  rendering 
them  instrumental  for  promoting  sensuality 
and  alienating  his  heart  from  God.  What  a 
pitiful  picture  does  this  representation  present 
of  the  great  majority  of  our  species,  and  of 
many  even  of  those  who  profess  the  religion 
of  Jesus,  and  who  display  a  fiery  zeal  in  de- 
fence of  the  Christian  church  !  Alas  !  that 
man  who  is  made  only  a  little  lower  than  the 
angels,  and  is  allied  by  his  intellectual  nature 
with  the  highest  orders  of  created  beings, 
should  thus  pervert  and  prostrate  his  noble 
powers,  in  attempting  to  banish  the  Creator 
from  his  own  universe,  and  to  deprive  him  of 
that  gratitude  and  adoration  which  are  due 
from  all  his  rational  offspring?  Such,  how 
ever,  is  the  atheism  of  covetousness  ;  and  that 
the  conclusions  we  have  deduced  are  not 
groundless,  appears  from  the  following  pas- 
sage of  an  inspired  writer  :  "  If  I  have  made 
gold  my  hope,  or  have  said  to  the  fine  gold 
'  Thou  art  my  confidence :'  if  I  rejoiced  be- 
cause my  wealth  was  great,  and  because  mine 
hand  had  gotten  much, — -if  I  beheld  the  sun 
when  it  shined,  or  the  moon  walking  in 
brightness;  and  my  heart  had  been  secretly 
enticed,  or  my  mouth  hath  kissed  my  hand ; 
this  were  an  iniquity  to  be  punished  by  the 
Judge ;  far  I  should  have  denied  the  God 
that  is  love.^^ 

This  subject  deserves  the  serious  considera- 
tion of  every  pi"«fessing  Christian.  Many 
who  are  members  of  the  visible  church,  and 
regularly  attend  the  dispensation  of  its  ordi- 
nances, because  they  do  not  run  to  the  same 
excess  in  covetousness  as  others,  or  as  such 
characters  as  we  have  alluded  to  above,  are 
apt  to  imagine  that  no  principles  either  of 
idolatry  or  of  atheism  lurk  in  their  hearts. 
They  hug  themselves  in  the  belief  that  they 
love  God  and  man,  and  desire  to  deal  justly 
towards  their  neighbours,  while  their  affec- 
tions are  alienated  from  God,  and  their  hearti^ 
going  after  their  covetousness.   "  Their  richer 
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me  their  strong  cit}'',  and  as  an  high  wall  in 
their  imagination,"  and  their  trust  hi  the 
Most  High  extends  no  farther  than  to  the 
visible  means  of  supply  which  they  think  their 
own  means  and  wisdom  and  industry  have 
provided.  There  is  no  mental  propensity,  or 
suhject,  in  regard  to  which  men  are  more  apt 
to  deceive  themselves  than  that  under  consi- 
deration. It  is  the  last  thing  a  professed 
religionist  will  be  apt  to  suspect,  that  he  is 
acting  on  the  principles  either  of  atheism  or 
idolatry ;  and  he  would  consider  it  nothing 
nhort  of  an  insult,  were  even  a  suspicion  to 
this  effect  insinuated.  But,  it  becomes  every 
one,  on  this  point,  "  to  search  and  try  his 
ways."  Let  me  ask  you,  0  professor  of 
religion,  have  you  never  come  to  the  house 
of  God,  under  the  profession  of  adoring  his 
perfections  and  giving  thanks  at  the  remem- 
brance of  his  mercy  and  goodness,  while, 
during  almost  the  whole  of  the  public  services, 
your  thoughts  and  desires  have  been  wander- 
ing abroad  among  your  shops,  your  counting- 
houses,  your  ledgers,  your  gains,  your  losses, 
your  commercial  projects,  and  other  objects 
of  covetousness,  while  "  the  God  in  whose 
hands  your  breath  is,  and  whose  are  all  your 
ways,  you  have  not  glorified,"  although 
••'  your  hands  were  lifted  up  in  the  sanctuary^" 
Have  you  not  repeatedly,  yea  times  without 
iiumber,  neglected  to  adore  God  in  your  fami- 
lies, and  '•'-  to  show  forth  his  loving  kindness 
m  the  morning,"  from  your  hurry  to  engage 
in  the  bustle  of  the  world,  and  in  the  acquisi- 
tion of  gain  1  Do  you  seldom  or  never  lift  up 
your  hearts  to  God  in  the  midst  of  your 
worldly  business,  and  implore  his  direction, 
and  his  assistance  to  guard  you  from  worldly- 
mindedness  and  every  temptation  ?  If  your 
conscience  bears  witness  against  you,  that 
such  dispositions  are  indulged,  and  such  duties 
neglected,  you  have  too  much  reason  to  sus- 
pect, that  your  heart  is  not  right  with  God, 
and  that  a  principle  intimately  connected  with 
idolatry,  holds  the  ascendency  over  your 
atfections.  In  such  a  case,  it  becomes  every 
one  to  exercise  a  holy  jealousy  over  himself, 
and  to  examine  the  secret  springs  of  his 
dctions,  lest,  peradventure,  he  may  be  found 
among  those  who  are  "  without  God  in  the 
world,"  If  he  is  in  doubt  or  perplexity  about 
this  important  point,  he  will  apply  to  Him 
"who  searcheth  the  hearts  and  reins  of  the 
children  of  men,"  and  will  say  with  the 
Psalmist,  "  Search  me,  O  God,  and  know 
my  heart ;  try  me  and  know  my  thoughts, 
and  see  if  there  be  any  wicked  way  in  me," 
and  discover  it  to  me,  "  and  lead  me  in  the 
way  everlasting."  For  if  the  principles  and 
affections  which  constitute  the  essence  of 
idolatry  and  atheism,  shall  at  last  be  found  to 
have  pto/vaded  the  heart,  and  to  have  been 
34 


formed  into  a  habit,  the  doom  which  awaits 
the  idolater  and  the  atheist  will  be  pronounced 
b}'^  Him  who  is  "  a  discerner  of  the  thoughts 
and  intents  of  the  heart,"  at  that  solenni  day 
when  "  he  shall  come  to  judge  the  world  in 
righteousness." 

Having  dwelt  with  some  particularity  on 
the  above  topic,  I  shall  take  only  a  cursory 
view  of  a  few  more  particulars  •  connected 
with  this  department  of  the  subject. 

2.  Covetousness  is  declared  to  form  an  im- 
passable barrle?'  to  the  kingdom,  of  heaven. 

"Be  not  deceived,"  says  the  apostle  of  the 
Gentiles,  "for  neither  fornicators,  nor  idola' 
ters,  nor  thieves,  nor  covetous,  nor  drunkards, 
nor  revilers,  nor  extortioners,  shall  inherit 
the  kingdom  of  God."  This  is  the  law  of 
the  God  of  heaven — a  law  v^hich  is  eternal 
and  immutable—a  law  more  steadfast  and 
unalterable  than  that  of  the  Medes  and  Per- 
sians. The  laws  of  earthly  sovereigns  may 
be  changed,  or  their  designs  frustrated,  but 
the  moral  laws  of  the  Most  High  are  abso- 
lutely immutable,  and  no  created  being  can 
attempt  to  violate  them,  and  prosper.  As 
soon  may  we  expect  to  unhinge  the  fabric  oi 
the  universe,  to  toss  from  their  foundations 
the  everlasting  mountains,  to  pull  the  sun 
from  his  place  in  the  firmament,  or  to  quench 
the  stars  of  heaven  in  eternal  night,  as  to  ex- 
pect admission  into  the  kingdom  of  the  just, 
while  covetousness  holds  the  ascendency  over 
the  heart.  For  the  declaration  is  express, 
and  is  repeated  in  another  epistle,  and  similar 
declarations  are  interspersed  throughout  the 
volume  of  inspiration,  that  "  no  covetous  man 
who  is  an  idolater  hath  any  inheritance  in  the 
kingdom  of  Christ  or  of  God."  Now  the 
laws  of  God  are  not  be  considered  as  the  dic- 
tates of  an  arbitrary  sovereign,  but  as  founded 
on  the  nature  of  things,  and  the  general  con- 
stitution of  the  moral  world.  Although,  in 
some  instances,  we  are  unable  to  perceive  the 
precise  reason  of  certain  laws  or  injunctions, 
contained  in  Revelation,  yet  we  may  rest 
assured,  that,  in  every  instance,  God  has  the 
highest  reason  for  what  he  declares,  and  for 
what  he  does ;  since  His  wisdom  is  infinite, 
and  since  his  eyes  comprehend,  at  one  glance, 
all  the  objects  and  relations  which  cAi&t 
throughout  the  universe.  In  the  present  ca&,€, 
there  are  obvious  reasons  why  the  covetous 
must  be  excluded  from  the  kingdom  of 
heaven. 

For,  in  the  first  place,  they  are  xinquaUfied 
for  its  enjoyments.  The  pleasures  oi  heaven 
are  pure  and  spiritual  but  the  pleasures  of  the 
covetous  are  "  earthly,  sensual,  and  devilish>" 
The  pleasures  of  heaven  flow  from  a  principle 
of  universal  benevolence,  which  pervades  the 
minds  of  all  its  inhabitants,  and  without 
which  it  would  be  a  place  of  misery  ;  but  tli«' 
Z  ,265) 
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pleasures  of  the  covetous,  If  the}^  may  be  so 
called,  are  derived  from  {)rinciples  connected 
with  envy,  deceit,  felsehood,  injustice,  apathy 
in  reg-ard  to  the  wants  and  happiness  of 
others,  and  with  ahnost  every  species  of  ma- 
lignity. It  is,  therefore,  impossible  that  covet- 
ous characters  should  either  contribute  to  the 
happiness  of  fellow-associates  in  the  realms  of 
bliss,  or  find  any  enjoyment  for  themselves  in 
the  perpetual  exercise  of  heavenly  virtues. 

In  the  next  place,  they  are  qualified  for 
engaging  in  its  employments.  Heaven  being 
a  social  state,  and  consequently,  a  scene  of 
moral  action,  its  inhabitants  are,  of  course, 
perpetually  employed  in  beneficent  services 
corresponding  to  the  nature  and  circumstances 
of  that  happy  world.  As  to  the  nature  of 
some  of  these  services,  and  the  nianner  in. 
which  they  are  performed,  we  must  neces- 
sarily remain  in  ignorance  in  our  present 
state.  Although,  in  that  world,  there  are  no 
poor  to  be  relieved,  no  sinners  to  be  reclaimed, 
nor  distressed  to  be  consoled— there  are, 
doubtless,  innumerable  ways  in  which  bene- 
volence exerts  its  noblest  energies,  in  com- 
municating happiness  and  augmenting  the 
joys  of  surrounding  associates.  Angels  are 
"  ministering  spirits "  to  the  saints  on  earth, 
and  h-ave,  in  numerous  instances,  contributed 
to  their  preservation  and  comfort ;  and,  in  the 
celestial  state,  '-just  men  made  perfect,"  may, 
in  a  thousand  ways  incomprehensihle  to  us, 
be  ministering  spirits  to  one  another.  They 
may  deliver  lectures  to  each  other  on  the 
works  and  the  ways  of  God — direct  the  atten- 
tion to  those  scenes  and  objects  in  which  the 
glory  of  their  Almighty  Creator  is  most  con- 
spicuously displayed — -relate  the  history  of 
Bivine  dispensations  towards  them  in  the 
present  state — seize  upon  every  circumstance 
by  which  ecstatic  joy  may  be  diiTus^ed  through- 
out the  hearts  of  each  other;  and  as  know- 
ledge is  necessarily  progressive,  even  in  that 
world,  and  in  every  region  of  happy  existence, 
the  benevolent  principle  may  be  exercised  in 
various  ways  in  communicating  and  diffusing 
it  among  the  numerous  hosts  of  heavenly 
intelligences.  But  in  whatever  benevolent 
services  "  the  saints  in  light "  may  engage, 
it  is  evident  that  the  covetous  are  altogether 
vinqualified  for  entering  on  such  employments. 
They  are  uncongenial  to  the  train  of  thought 
they  pursue,  and  to  their  leading  dispositions. 
For  either  selfishness,  apathy,  pride,  sensual 
gratification,  or  other  malignant  propensities 
constitute  the  profuinent  features  of  their 
character ;  and  as  these  are  directly  opposed 
to  the  benevolence  of  heaven,  such  predomi- 
nating principles  must  render  them  entirely 
unfit  for  mingling  in  "  the  general  assembly 
of  the  first  born  whose  names  are  written  in 
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heaven/'  or  for  taking  a  part  in  those  iabon^? 
of  love  for  which  they  are  distinguished. 

Some  of  the  other  employments  of  heaver- 
consist  in  the  celebration  of  the  divine  perfec- 
tions. "  They  worship  him  who  hveth  lor  ever 
and  ever,"  saying,  "  Thou  art  worthy,  0 
Lord,  to  receive  glory,  and  honour,  and 
power,  for  thou  hast  created  all  thmgs,  aud 
for  thy  pleasure  they  are  and  were  created." 
They  are  likewise  engaged  in  contemplating 
the  glory  of  the  Divine  administration  in  the 
works  of  creation  and  providence,  for  such  is 
the  subject  of  their  song :  "  Great  and  mar- 
vellous are  thy  works,  Lord  God  Almighty, 
just  and  true  are  thy  ways,  thou  King  of 
saints."  But  all  such  sublime  exercises,  being 
uncongenial  to  the  ruling  passions  and  pur- 
suits of  avaricious  worldlings,  could  afford 
them  no  pleasure  ;  and,  consequently,  for  the 
reasons  now  suggested,  they  must  be  abso- 
lutely unfitted  for  participating  in  "the 
inheritance  of  the  saints  in  light."  And,  if 
they  are  found  unqualified  for  the  pleasures 
and  enjoyments  of  the  celestial  world,  "  they 
cannot,  '  in  the  nature  of  things,'  enter  into 
the  kingdom  of  God."  They  will  be  banished 
from  that  blessed  world,  not  in  consequence 
of  any  arbitrary  decree  of  the  Almighty,  but 
in  virtue  of  the  constitution  of  the  intelligent 
system,  and  the  fundamental  lavvs  of  the 
moral  universe.  And  the  very  circumstancCj 
that  they  are  'unqualified  for  relishing  the 
exercises  and  felicities  of  the  heavenly  world, 
v/ill  add  a  peculiar  poignancy  to  those  bitter 
reflections  which  will  be  felt  when  they  find 
themselves  for  ever  excluded  from  the  New 
Jerusalem. 

What  should  we  think  of  the  degraded 
worshi])pers  of  Juggernaut,  who  prostrate 
themselves  before  the  car  of  that  abominable 
idol —of  the  priests  of  Baal,  who  cut  them- 
selves  with  knives  and  lancets  till  the  blood 
gushed  out  upon  them,  and  cried  aloud,  "  0 
Baal,  hear  us! — of  the  votaries  of  Moloch, 
who  threw  their  children  into  the  burning 
arms  of  their  idol,  while  drums  beat  and 
trumpets  sounded  to  drown  their  cries — of  the 
South  Sea  islanders,  who  sacrifice  human 
victims  to  their  v/ooden  gods,  accompanied 
with  rites  the  most  horrid  and  obscene  ;  what 
should  we  think  of  such  debased  and  wretched 
idolaters,  v^uth  their  minds  polluted  with  ever)' 
moral  abomination,  being  admitted  into  the 
society  of  saints  and  angels  in  the  uppeif 
world.  Would  they  be  fit  companions  of  the 
heavenly  inhabitants,  or  could  they  join  with 
intelligence  and  fervour  in  their  subUme  and 
holy  employments'?  The  supposition  would 
be  utterly  repugnant  to  every  idea  we  ought 
to  form  of  the  associations  of  heavenly  intelli- 
gences, or  of  the  arrangements  of  \h&  Divine 
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government.  But,  we  have  already  seen, 
that  every  covetous  man  is  an  idolater,  with 
a  mind  as  grovelling  and  impure,  as  that  of 
the  votaries  of  Paganism,  to  whom  we  have 
alluded,  and,  consequently,  equally  unfitted 
for  the  society  of  blessed  spirits  in  the  man- 
sions above. 

The  same  impressive  truth  was  announced 
hy  our  Saviour,  when  he  connnanded  the 
young-  man  who  inquired  the  way  to  eternal 
life,  to  sell  all  that  he  had  and  give  to  the 
poor,  and  come,  and  follow  him  [  "  Verily  I 
say  unto  you,  that  a  rich  man  shall  hardly 
enter  into  the  kingdom  of  God."  And  again  ; 
*'  I  say  unto  you,  that  it  is  easier  for  a  camel 
to  go  through  the  eye  of  a  needle,  than  for  a 
rich  man  to  enter  into  the  kingdom  of  God." 
These  declanitions  plaitily  imply  the  following 
things:  1,  That  a  rich  man,  considered  as 
such,  or,  as  it  is  elsewtiere  expressed,  one 
who  "  trusts  in  his  riches,"  cannot  be  admit- 
ted into  the  kingdom  of  God ;  for  such  a  trust 
partakes  of  the  nature  of  idolatry,  which 
necessarily  excludes  its  votaries  from  the  ce- 
lestial kingdom.  2.  That  it  is  extremely 
difficult  for  a  man  who  abounds  in  wealth, 
and  has  large  possessions,  not  to  trust  in  such 
uncertain  riches,  and  to  bring  his  mind  to 
submit  to  the  self-denying  requisitions  of  the 
gospel,  so  as  to  be  ready  to  resign  his  vv^orldly 
treasures,  when  the  lav/s  of  tlie  gospel  king- 
dom require  it.  The  truth  of  this  is  apparent 
in  the  comparatively  small  number  of  rich 
men  who  have  devoted  themselves  to  the 
cause  of  cvan^^elical  religion,  as  liumble  and 
self-denied  followers  of  the  meek  and  lowly 
Jesus.  There  are  men  at  this  moment  in 
the  higher  places  of  society,  abounding  in 
riches,  ten  times  more  than  sufficient  for  all 
the  lawful  purposes  of  sensitive  enjoyment, 
whom  it  would  be  as  difficult  to  induce  to 
give  the  tenth  part  of  their  incomes,  for  the 
support  and  propagation  of  true  religion,  as  it 
would  be  to  drain  the  caverns  of  the  ocean, 
or  to  hurl  the  mountains  from  their  bases,  and 
toss  them  into  the  depths  of  the  seas,  not- 
withstanding their  pretended  zeal  for  the 
external  interests  of  the  church. 

Such  is  their  pride,  and  their  attachment  to 
the  pomp  and  splendours  of  wealth,  that  no- 
thing short  of  Divine  power  could  detach  their 
hearts  from  trusting  in  their  uncertain  riches, 
and  induce  them  "  to  count  all  things  but  loss 
that  they  may  win  Christ."  Such  is  the 
powerful  influence  of  wealth  and  external 
grandeur  over  the  human  heart,  that  none 
but  those  who  have  attained  a  strong  and  per- 
manent conviction  of  unseen  and  eternal  reali- 
ties, can  look  down  upon  them  with  becoming 
indifference  or  contempt.  And  this  consider- 
ation should  form  a  powerful  argument  to  the 
ioY/er  ranks  of  society,  to  encourage  them  to 


submit  with  contentment  to  the  allotments  oi 
Providence,  for  their  circumstances  do  not 
expose  them  to  the  same  temptations  as  the 
rich  to  neglect  the  gospel  and  those  things 
which  belong  to  their  eternal  peace.  Were 
the  riches,  after  which  they  are  sometimes  apt 
to  aspire,  to  be  granted  to  them,  it  might 
prove,  a«  it  has  often  done,  the  greatest  curse 
that  can  befall  them,  and  lay  the  foundation  of 
their  eternal  ruin.  "  For  they  that  will  be 
rich  fall  into  temptation  and  a  snare,  and  into 
many  foolish  and  hurtful  lusts  Avhich  drown 
men  in  destruction  and  perdition." 

3.  Covetousness  is  inconsistent  with  the 
idea  of  our  being  redeemed  by  the  blood  of 
Christ. 

The  apostle  Peter  declares,  in  reference  to 
all  Christians,  that  "they  are  not  redeemed 
with  corruptible  things,  as  silver  and  gold,  but 
with  the  precious  blood  of  Christ,  as  of  a 
Iamb  without  blemish  and  without  spot."  And 
he  brings  forward  this  consideration  as  an  ar- 
gument against  wordly  lust,  and  in  support 
of  universal  holiness,  that,  "  as  obedient  chil- 
dren, we  ought  no  longer  to  fashion  ourselves 
according  to  the  former  lusts  in  our  ignorance  ; 
but  as  he  who  hath  called  us  is  holy,  so  we  ought 
to  be  hol}^  in  all  manner  of  conversation."  And 
Paul,  in  his  epistle  to  the  Galatians,  declares, 
that  one  end  of  the  death  of  Christ  is,  "  that  he 
might  deliver  us  from  this  present  evilworld,^^ 
and  consequently,  from  all  its  covetous  affec- 
tions and  lusts.  The  work  of  our  redemption 
is  one  of  the  most  astonishing  displays  of  Di- 
vine perfection,  and  the  most  glorious  mani- 
festation of  Divine  love  towards  the  sons  of 
men.  Preparations  for  its  accomplishment 
were  going  on  in  every  preceding  period  of 
the  world.  Prophets,  in  different  ages,  were 
raised  up  to  announce  it ;  the  ceremonial  law 
was  instituted,  and  thousands  of  victhns  were 
slain  on  the  Jewish  altars  to  prefigure  the  suf- 
ferings of  Messiah  and  the  glory  that  should 
follow  ;  the  various  events  of^  Providence,  the 
rise  of  empires,  the  fall  of  kings,  and  the  re- 
volutions of  nations,  were  all  directed  in  such 
a  manner  as  to  accomplish  the  purposes  of  the 
Almighty,  and  to  bring  about  that  great  event 
— the  death  of  Christ — in  all  the  circum- 
stances in  which  it  actually  happened.  Celes- 
tial messengers  descend  from  heaven  to  earth 
to  announce  the  birth  of  the  Saviour  to  man ; 
a  series  of  august  and  striking  miracles,  such 
as  had  never  before  been  exhibited,  give  attes- 
tation of  the  Divine  mission  of  the  promised 
Messiah  ;  and  at  length,  our  great  High  Priest 
humbled  himself,  and  became  obedient  to  the 
death  of  the  cross,  when  the  sun  was  darkened 
in  his  habitation,  the  earth  did  quake,  the 
rocks  rent,  the  vail  of  the  temple  was  rent  in 
twain  from  the  top  to  the  bottom,  the  graves 
were  opened,  and  many  of  their  inhabitants 
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arosie  to  life.  Our  Redeemer  at  length  burst  eternal  blessings  which  the  Son  of  God  came 
the  bonds  of  death,  arose  to  an  immortal  life,  into  the  world  to  procure  ;  since  those  eifecta 
ascended  to  heaven  amidst  a  choir  of  angels,  which  his  death  was  intended  to  accomplish, 
and  is  now  set  down  at  the  right  hand  of  the  have  never  been  produced  on  his  heart. 
Majesty  on  high.  The  great  end  of  all  these  4.  (Jovetousness  is  inconsistent  with  Love 
solemn  preparations  in  prophecies,  in  provi-    to  God. 

dences,  in  sacrifii:es,  types  and  shadows,  and  Love  to  God  is  the  foundation  and  the  nrat 
of  the  astonishing  events  which  have  accom-  principle  of  universal  holiness.  In  every  re- 
panied  and  followed  the  death  of  Christ,  was  newed  soul  it  reigns  triumphant  and  supreme, 
to  counteract  sin  in  all  its  various  bearings  This  holy  affection  includes  in  it  reverence, 
and  aspects^ — to  emancipate  the  soul  from  admiration,  humility  and  gratitude,  and  is 
the  ihraldom  of  the  world  and  its  affections  uniformly  accompanied  with  adoration  of  the 
and  lusts,  and  "to  purify"  for  the  service  of  perfections  of  God,  and  an  unlimited  depend- 
of  God,  "a  peculiar  people  zealous  of  good  ence  upon  him,  in  reference  both  to  our  tem- 
works."  poral  comforts  and  our  eternal  destination.    It 

Now,  it  is  evident,  that  such  noble  designs  pervades  the  hearts  of  all  holy  beings  where- 
would  be  entirely  frustrated,  were  a  principle  ever  existing  throughout  the  amplitudes  of 
of  covetousness  to  hold  the  ascendency  over  creation,  and  inspires  them  with  permanent 
the  human  mind,  however  fair  a  character  its  and  rapturous  delight.  It  assimilates  us  to 
votaries  might  exhibit  in  the  sight  of  men.  angels  and  other  pure  intelligences,  and  pre- 
If  we  are  not  determined  to  "  mortify  the  flesh  pares  us  for  associating  with  them  and  bearing 
with  its  affections  and  lust,"  and  to  make  God  a  part  in  their  labours  of  universal  benevolence, 
the  supreme  object  of  our  desires  and  affec-  Hence,  we  find,  that  this  sacred  emotion 
tions ;  if,  on  the  contrary,  we  are  determined  has  formed  the  distinguishing  characteristic 
to  give  loose  reins  to  avaricious  propensities,  of  the  saints  in  every  age.  We  find  the 
to  make  wealth  and  grandeur,  and  worldly  spirit  of  the  Psalmist,  in  his  devotional  exer- 
honours  and  distinctions  the  chief  object  of  cises,  continually  rising  towards  God,  as  his 
our  pursuit,  then  Christ  "  has  died  in  vain"  hope  and  confidence  and  the  source  of  his 
with  respect  to  us,  and  we  have  no  interest,  felicity  :  "  Whom  have  I  in  heaven  but  thee, 
and  ought  to  claim  no  interest  in  the  benefits  and  there  is  none  upon  earth  that  I  desire  be- 
which  he  died  to  procure.  It  is  presumption  sides  thee.  As  the  hart  panteth  after  the 
in  the  highest  degree,  for  any  man  to  claim  brooks  of  water,  so  my  soul  panteth  after  thee, 
an  interest  in  the  blessings  of  salvation,  whose  O  God.  My  heart  and  my  flesh  shall  fail, 
conscience  tells  him  that  this  world  and  its  but  God  is  the  strength  of  my  heart  and  my 
enjoyments  are  uppermost  in  his  affections,  portion  for  ever.  He  is  my  refuge  and  my 
For,  can  we  for  a  moment  suppose  that  the  fortress,  m}''  God  ;  in  him  will  I  trust.  In 
Most  High  God  would  form  a  design  which  God  is  my  salvation  and  my  glory ;  the  rock 
is  the  admiration  of  angels,  that  the  most  of  my  strength,  and  my  refuge  is  in  God. 
solemn  preparations  should  be  made  for  its  Who  in  heaven  can  be  compared  with  the 
accomplishment,  that  all  the  events  connected  Lord  1  who  among  the  sons  of  the  mighty 
with  his  moral  administration  should  be  soar-  can  be  likened  to  Jehovah?  Behold  as  the 
ranged  as  to  have  a  special  bearing  upon  it,  eyes  of  servants  look  to  the  hands  of  their 
that  the  laws  of  nature  should  be  suspended  masters,  so  our  eyes  wait  upon  the  Lord  our 
and  controlled,  and  a  series  of  astonishing  God.  My  soul  trusteth  in  thee ;  yea,  in  the 
miracles  displayed,  that  the  Prince  of  Life  shadow  of  thy  wings  will  I  make  my  refuge 
would  suffer  the  agonies  of  an  accursed  death  until  these  calamities  be  overpast.  Blessed 
— that  He  "  who  thought  it  no  robbery  to  be  is  the  man  who  maketh  the  Lord  his  confi- 
equal  with  God,  should  take  upon  him  the  dence,  and  whose  hope  fe  in  the  Lord  his 
form  of  a  servant,  and  become  obedient  to  the    God." 

death  of  the  cross ;"  that  angelic  messengers  Throughout  the  whole  range  of  Divine 
should  take  so  deep  an  interest  in  such  trans-  revelation  such  sentiments  are  expressed,  and 
actions,  and  wing  their  flight  from  heaven  to  such  affections  displayed  by  the  people  of 
earth  in  embassies  connected  with  such  events  God.  But  is  it  possible  to  be  conceived,  that 
— can  we  suppose  that  such  an  astonishing  either  the  niggardly  miser  or  the  vain  vv^orld- 
train  of  events  would  have  been  arranged  and  ling  can  enter  into  the  spirit  of  such  sub- 
brought  into  effect,  if  a  principle,  which,  above  lime  sentiments,  or  elevate  his  soul  to  such 
all  others,  has  a  tendency  to  estrange  the  af-  holy  affections,  however  much  he  may  attempt 
fections  from  God,  were  to  be  permitted  to  to  mimic  the  external  forms  of  devotion  1 
rule  in  the  human  heart  1  The  thing  is  impos-  Though  he  should  affect  hurnihty  by  bowing 
sible,  and,  therefore,  the  covetous,  vv'hatever  down  his  head  like  a  bulrush,  and  profess  to 
show  of  religion  he  may  exhibit,  cannot,  with  join  in  adoration  of  the  Most  High,  "in  the 
any  consistency,  lay  claim  to  any  of  those  place  of  the  holy,"  yet  God  is  nut  in  all  his 
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thoughts,  *•  and  his  heart  is  still  going  after 
his  covetousness."  I'hose  eternal  respects 
which  are  due  to  God,  and  that  hope  and  con- 
fidence which  his  people  repose  in  his  perfec- 
tions, are  to  him  altogether  unheeded  and 
unknown.  7'he  world,  with  its  riches  and 
snlendours,  is  the  deity  which  he  worships, 
wi.ile  the  attril)utes  of  the  true  God  are  sel- 
dom present  to  his  mind.  While  the  true 
Christian  exclaims  with  exultation,  "  Thou 
art  my  portion,  0  Lord,  therefore  will  I  trust 
in  thee,"  the  worldUng  overlooks  the  Eternal 
Sourti;  of  felicity,  and  "trusts  in  the  ahun- 
dance  of  his  riches."  While  the  Christian 
hopes  in  God  for  every  thing  requisite  to  his 
happiness,  hoth  in  the  hfe  that  now  is  and  in 
the  life  to  come,  the  worldling  makes  "-gold 
his  hope,  and  says  of  the  fine  gold, '  Thou  art 
my  confidence.'  "  While  the  Christian,  in 
the  view  of  every  calamity  that  may  hefall 
him,  boldly  declares,  "  God  is  my  refuge  and 
strength,  my  high  tower  and  fortress,  a  pre- 
sent help  in  the  time  of  trouhle;"  on  the 
other  hand,  "  the  rich  man's  wealth  is  his 
strong  city,  and  a  high  wall  in  his  own  con- 
ceit." Hence,  the  love  of  riches  and  the 
love  of  God,  are  altogether  incompatihle ;  and 
hence  the  positive  declarations  and  injunc- 
tions of  scripture  on  this  head  :  "  Love  not 
the  world,  neither  the  things  that  are  in  the 
world.  If  any  man  love  the  world,  the  love 
of  the  Father  is  not  in  him.  For  all  that  is 
in  the  world,  the  lust  of  the  flesh,  the  lust  of 
the  eyes,  and  the  pride  of  life,  is  not  of  the 
Fath*dr,  hut  is  of  the  world.'^  Such  declara- 
tions are  plain  and  explicit,  and  ought  for  ever 
to  set  at  rest  the  question — whether  covetous- 
ness and  the  love  of  God  be  consistent  witli 
each  other  1 — whatever  form,  either  of  avarice 
or  ambition,  the  covetous  principle  may  assume. 
And  if  covetousness  is  inconsistent  with  love 
to  God,  it  necessarily  excludes  those  who  are 
under  its  influence  from  a  participation  of  the 
joys  of  heaven.  For  the  inhabitants  of  that 
world  have  their  minds  completely  pervaded 
with  this  sacred  principle,  in  testimony  of 
which  "  they  cast  their  crovi^ns  before  the 
throne,  saying,  "  Thou  art  worthy,  0  Lord, 
to  receive  glory,  and  honour,  and  power,  for 
thou  has  created  all  things,  and  for  thy  plea- 
sure they  are  and  were  created."  "  Blessing 
and  honour,  and  glory  and  power  be  unto 
Him  that  sitteth  upon  the  throne,  and  to  the 
Lamb  for  ever  and  ever." 

5.  The  evils  of  covetousness,  and  its  in- 
consistency with  religion,  appear  from  the 
member ous  cautions  and  exhortations  delivered 
in  Scripture  on  this  subject. 

Our  Saviour  frequently  took  occasion  to 
admonish  his  disciples  and  the  multitudes  who 
attended  him,  on  this  point :  "  Take  heedr 
said  he,  "  and  beware  of  covetous^iess ;"  and 


he  enforces  the  admonition  from  this  argu 
ment,  "  For  a  man's  lite  consisteth  not  in  the 
abundance  of  the  things  which  he  possesseth  ;" 
that  is,  neither  the  happiness  of  our  present 
existence,  nor  the  continuance  of  that  exist- 
ence, depends  upon  the  abundance  of  earthly 
riches.  For  a  moderate  portion  of  them  will 
suffice  for  all  the  purposes  of  human  enjoy- 
ment; and  where  great  riches  are  possessed, 
they  usually  bring  along  with  thf^m  encum- 
brances, snares,  and  temptations,  which  foster 
vicious  lusts,  and  affections,  and  not  unfre- 
quently  lead  men  into  destruction  and  perdi- 
tion. Besides,  they  Ibrm  no  security  against 
the  diseases  and  accidents  of  life,  from  which 
nothing  can  secure  us  but  the  providential 
care  of  our  heavenly  Father.  Tliey  cannot 
shelter  us  from  the  stroke  of  lightning,  the 
shock  of  an  earthquake,  the  fury  of  a  hurri- 
cane or  tempest,  from  palsy,  consumption, 
sickness,  or  the  hand  of  death.  In  regard  to 
such  accidents  and  diseases,  the  poor  man  is 
as  secure  as  the  rich.  Our  Saviour  illustrates 
this  truth  by  a  very  striking  example :  "  The 
ground  of  a  certain  rich  man  brought  forth 
plen-tifuriy ;  and  he  reasoned  within  himself, 
saying,  what  shall  I  do ;  for  I  have  not  room 
to  store  up  my  crops.  And  he  said,  this  will 
I  do ;  I  vnW  pull  down  my  old  barns  and  build 
larger  ones,  and  there  will  I  bestow  all  my 
fruits  and  my  goods.  And  I  w'ill  say  to  my 
soul,  thou  hast  abundance  of  goods  laid  up 
for  many  years,  eat,  drink,  and  be  merry. 
But  God  said  unto  him,  thou  fool,  this  night 
thy  soul  shall  be  required  of  thee  ;  then  whose 
shall  those  things  be  which  thou  hast  pro- 
vided ]"  How  often  is  this  impressive  repre- 
sentation reahzed,  in  the  case  of  worldly  men 
who  abound  in  wealth  and  are  not  rich 
towards  God  I  How  many  are  there  at  this 
moment  as  deeply  engaged  in  ambitious 
schemes  of  hoarding  or  aggrandizement  as 
the  fool  in  the  parable,  to  whom  God  will,  in 
a  few  weeks  or  months,  or  perhaps  this  very 
night,  declare,  hy  the  voice  of  his  Providence, 
"  Thy  soul  is  required  of  thee."  The  sin  of 
the  rich  fool,  denounced  in  this  parable,  did 
not  consist  so  much  in  his  being  a  niggardly- 
miser,  or  being  altogether  void  of  charity  to 
the  poor ;  for  none  of  these  things  are  charged 
against  him;  but  it  consisted  chiefly  in  his 
forgetfulness  of  God,  and  want  of  dependence 
upon  him — in  an  irreligious  presumption  and 
confidence  in  himself,  imagining  that  he  had 
a  sufficient  security  in  his  own  hands  against 
the  accidents  and  calamities  of  hfe,  and  for- 
getting that  the  continuance  of  his  existence 
depended  upon  the  will  and  the  power  of  hig 
Creator.  This  is  the  natural  tendency  of 
riches  when  not  counteracted  by  a  principle? 
of  rehgion;  and  it  is  this  tendency  which 
renders  riches  so  dangerous  to  their  owners^ 
i.  2  (269) 
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BO  that  a  man  who  has  any  *-p.^ard  to  his  eter-  fear  of  the  Lord  than  great  treasures  ana 
iial  interests,  ought  rather  to  fear  lest  riches  trouble  therewith.  An  inheritance  may  be 
should  be  forced  upon  him,  than  to  make  gotten  hastily  at  the  beginning,  but  the  end 
them  the  object  of  his  pursuit.  thereof  shall  not  be  blessed.     Labour  not  to 

There  are  numerous  injunctions  of  this  be  rich ;  cease  from  thine  own  wisdom.  WiU 
kind  interspersed  throughout  the  Scriptures;  thou  set  thine  eyes  upon  that  which  is  not  ? 
ijut  instead  of  illustrating  them  separately,  I  for  riches  certainly  make  themselves  wings 
shall  only  select  a  few  passages  which  bear  and  fly  away.§  There  is  one  alone,  and  not 
upon  this  subject,  recommending  them  to  the  another,  yea,  he  hath  neither  child  norbrotluT 
serious  attention  of  every  professing  Christian,  yet  t^ere  is  no  end  of  his  labour^  neithe:  i? 
The  follov/ing  are  some  of  those  passages  his  eye  satisfied  with  riches;  neither'  saith  he, 
which-  denounce  the  sin  of  covetousuess,  the  for  whom  do  I  labour  and  bereave  my  soul  of 
vanity  of  riches,  and  the  dangers  which  attend'  good;  this  is  also  vanity.  He  that  loveth  sil- 
them.  "  Beware  that  thou  forget  not  the  ver  shall  not  be  satisfied  with  silver,  nor  he 
Lord  thy  God  ;  lest  when  thou  hast  eaten  and  that  loveth  abundance  with  increase.  Wo 
art  full,  and  hast  built  goodly  houses,  and  thy  unto  them  that  join  house  to  house,  and  lay 
silver  and  thy  gold  is  multiplied — then  thine  field  to  field  till  there  be  no  place,  &c.  Let 
heart  be  lifted  up,  and  thou  forget  the  Lord  not  the  wise  man  glory  in  his  wdsdom,  neither 
thy  God,  and  say  in  thine  heart,  '*  My  power  let  the  mighty  man  glory  in  his  might,  let  not 
and  the  might  of  my  hand  have  gotten  me  the  rich  man  glory  in  his  riches.  He  that 
this  wealth.  But  thou  shalt  remember  the  getteth  riches  and  not  by  right  shall  leave 
Lord  thy  God,  for  it  is  he  that  giveth  thee  them  in  the  midst  of  his  days,  and  in  the  end 
power   to   get   wealth.*     The   wicked   hath    shall  be  a  fool."|| 

swallowed  down  riches,  but  he  shall  vomit  "  Lay  not  up  for  yourselves  treasures  on 
them  up  again.  God  shall  cast  them  out  of  earth,  where  moth  and  rust  doth  corrupt,  and 
his  belly.  In  the  fulness  of  his  sufficiency,  where  thieves  break  through  and  steal.  No 
he  shall  be  in  straits;  when  he  is  about  to  fill  man  can  serve  two  masters;  ye  cannot  serve 
his  belly,  God  shall  cast  the  fury  of  his  wrath  God  and  Mammon.  Take  no  anxious  thought 
upon  him  while  he  is  eating.  Though  he  for  your  life,  what  ye  shall  eat  or  what  ye 
heap  up  silver  as  the  dust,  and  prepare  rai-  shall  drink,  nor  yet  for  your  body  what  ye 
ment  as  the  clay ;  he  may  prepare  it,  but  the  shall  put  on.  Wo  unto  you  who  are  rich, 
just  shall  put  it  on,  and  the  innocent  shall  for  ye  have  received  your  consolation.  Wo 
divide  the  silver.*'f  Deliver  my  soul  from  unto  you  that  are  full,  for  ye  shall  hunger : 
the  mass  of  the  world  who  have  their  portion  vvo  unto  you  that  laugh  now,  for  ye  shall 
in  this  life.  Every  man  walketh  in  a  vain  mourn  and  weep.  Verily  I  say  unto  you 
show ;  surely  they  are  disquieted  in  vain ;  he  that  a  rich  man  shall  hardly  enter  into  the 
heapeth  up  riches  and  knowethnot  who  shall  kingdom  of  God.  What  is  a  man  profited 
gather  them.  They  that  trust  in  their  wealth  if  he  shall  gain  the  whole  world  and  lose  big 
and  boast  themselves  in  the  multitude  of  their  own  soul?  Take  heed  and  beware  of  covet- 
riches,  cannot  by  any  means  redeem  their  ousness.  Take  heed  to  yourselves  lest  at  any 
brother,  or  give  to  God  a  ransom  for  him.  Be  time  your  hearts  be  overcharged  with  surfeit- 
not  thou  afraid  when  one  is  made  rich,  and  ing  and  drunkenness,  and  the  cares  oi  this 
when  the  glory  of  his  house  is  increased ;  for  life,  and  so  that  day  come  upon  you  unawares, 
when  he  dieth  he  shall  carry  nothing  away,  Labour  not  for  the  meat  that  perisheth,  but 
his  glory  shall  not  descend  after  him  to  the  for  that  meat  which  endureth  to  everlasting 
grave.t  These  are  the  ungodly  who  prosper  hfe."*f  "  Make  no  provision  for  the  flesh  to 
in  the  world  and  increase  in  riches.  Lo,  this  fulfil  the  lusts  thereof.  The  time  is  short;  it 
is  the  man  who  made  not  God  his  confidence,  remaineth  that  they  who  buy,  be  as  though 
but  trusted  in  the  abundance  of  his  riches,  they  possessed  not,  and  they  that  use  this 
If  riches  increase,  set  not  your  hearts  upon  world  as  not  abusing  it,  for  the  fashion  of  this 
them.  Riches  profit  not  in  the  day  of  wrath,  world  passeth  away.  Let  not  covetousuess 
Their  silver  and  their  gold  shall  not  be  able  be  once  named  among  you,  as  becometh 
to  deb  ver  them  in  the  day  of  the  wrath  of  the  saints;  for  this  ye  know,  that  no  covetous 
Lord  ;  they  shall  not  satisfy  their  souls,  neither  man,  who  is  an  idolater,  hath  any  inheritance 
fill  their  bowels,  because  it  is  the  stumbling'  in  the  kingdom  of  Christ  and  of  God.  Set 
block  of  their  iniquity.  Wealth  gotten  by  your  aflfections  on  things  above,  and  not  on 
vanity  shall  be  diminished.  There  is  that  things  on  the  earth.  Mortify  therefore  youi 
maketh  himself  rich,  and  yet  hath  nothing ; 
there  is  that  maketh  himself  poor,  and  yet 
hath  great  riches.     Better  is  a  little  with  the 


*  Dent.  1 1—17.     -f-.Tob  xx,  15,  22  and  xxvii.  10,  17. 
X  P>-ulrn  xviii.,  xxxiy.,  xlix, 
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$  Psalm  lii.  Ixii 
XV.  XX.  &c. 

|{  Ecclcs.  Iv.  3; 
xvii.  11. 

T[[  Matt.  vi.  19;  xvi.  26  ;  xix 
xii.  15;  xxi.  .34.     John  vi.  27. 


Ezek.  vii.  19.      Prov,  xi.  xiii. 
10.      Isa.  V.  8.      .Tor.  ix.  2'?.' 

21.       Luke  vi.  24; 
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members— inordinate  affection,  evil  concupi- 
scence, and  covetnusness  which  is  idol.iuy. 
Let  your  conversation  be  without  covctons- 
ness,  and  be  content  with  sudi  things  as  ye 
have."*  "  Love  not  the  w^orld,  neither  the 
things  that  a^e  in  the  world  ;  if  any  man  love 
the  world,  the  love  of  the  Father  is  not  in 
him.  They  that  will  be  rich,  fall  into  tempta- 
tion and  a  snare,  and  into  many  foolish  and 
hurtful  lusts  that  drown  men  in  destruction 
and  perdition.  For  the  love  of  money  is  the 
root  of  ail  evil,  which  while  some  coveted 
after,  •  they  have  erred  from  the  faith,  and 
pierced  thcmselvet^^  through  with  many  sor- 
rows. Charge  them  that  are  rich  in  this 
world,  that  they  trust  not  in  uncertain  riches  ; 
but  in  the  living  God  who  giveth  us  richly 
all  things  to  enjoy.  Go  to,  now,  ye  that  say, 
To-day  or  to-morrow,  we  will  go  into  such  a 
city  and  continue  there  a  year,  and  buy  and 
seh,  and  get  gain ;  whereas  ye  know^  not 
what  shall  be  on  the  morrow ;  for  what  is 
your  lifel  It  is  even  a  vapour  that  soon 
passeth  away.  Go  to,  now,  ye  rich  men, 
weep  and  howl  for  the  miseries  that  shall 
come  upon  you.  Your  riches  are  corrupted, 
your  gold  and  silver  is  cankered,  and  the  rust 
of  them  shall  be  a  witness  against  3'"ou,  and 
shall  eat  your  flesh  as  it  were  fire.  Behold, 
the  hire  of  the  labourers  which  have  reaped 
down  your  fields,  which  is  of  you  kept  back 
by  fraud,  crieth,  and  the  cries  of  them  w^ho 
have  reaped,  have  entered  into  the  ears  of  the 
Lord  of  Sabaoth.  They  are  enemies  of  the 
cross  of  Christ,  whose  end  is  destruction, 
whose  God  is  their  belly,  whose  glory  is  in 
their  shame,  who  mind  earthly  things."f 

Such  are  a  few  of  those  divine  admoni- 
tions, interspersed  throughout  the  Scriptures, 
both  of  the  Old  and  New  Testaments,  which 
are  addressed  to  us  on  the  subject  of  covetous 
affections  and  worldly  grandeur.  They  are 
the  solemn  and  explicit  declarations  of  Him 
who  hath  all  power  and  authority  in  heaven 
and  on  earth,  and  by  whom  the  actions  of 
men  are  weighed ;  and,  therefore,  they  ought 
to  sink  deep  into  the  heart  of  every  professor 
of  religion,  and  be  pondered  with  the  most 
profound  seriousness  and  attention.  If  they 
produce  a  suspicion  that  the  covetous  prin- 
ciple lurks  within,  every  one  of  them  ought 
to  strike  the  mind,  as  if  it  were  spoken  from 
the  heavens  in  a  peal  of  thunder,  and  to 
alarm  the  convicted  worldling  to  flee  from  the 
wrath  to  come.  For  such  declarations  not 
only  set  before  us  our  duty  in  the  plainest 
terms,  but  pronounce  the  present  and  ever- 
lasting doom  of  eviery  one  who  allows  his 

^Rom.  xiii.  14.  1  Cor.  vii.  30.  Ephes.  v,  3. 
2  Cor.  vi.  10.      Col.  ii.  2.     Heb.  xiii.  5. 

f  1  John  ji.  15  1  Tim.  vi.  9.  James  iv,  14  ;  v  I. 
Philip,  iii  9. 


affections  to  be  enthralled  with  the  riches  of 
the  world,  and  who  passes  into  the  eternal 
state  under  their  malign  influence.  In  such 
passages  of  sacred  writ,  the  intimations  of  our 
duty  and  our  danger  in  regard  to  wealth,  are 
as  clear  and  perspicuous  as  words  can  muke 
them,  and  set  aside  every  doubt  in  regard  to 
the  inconsistency  of  covetousness  and  religion. 
And,  therefore,  every  man  who  makes  a  reli- 
gious profession,  if  he  will  but  take  a  mo- 
ment's leisure  to  examine  his  own  heart,  and 
his  train  of  affections,  and  to  compare  tlusm 
with  the  declarations  of  our  Lord  and  of  his 
holy  prophets  and  apostles,  will  at  once  per- 
ceive his  true  state  and  character  before  God. 
Yet  it  is  amazing,  how  easily  men  flatter  and 
deceive  themselves  in  this  point.  Nothings 
perhaps,  is  more  difficult  than  to  make  an 
impression  upon  the  minds  of  those  whose 
affections  have  been  long  riveted  to  earthly 
objects.  In  many  cases,  you  might  as  soon 
expect  to  cut  through  the  Alpine  rocks  with  a 
quart  of  vinegar  or  the  stroke  of  a  razor,  as  to 
cut  a  passage  through  the  adamantine  hearts 
of  the  covetous,  by  any  arguments  or  denun- 
ciations which  the  reason  of  man,  or  the 
word  of  God  can  suggest.  We  have  a  most 
striking  example  recorded  in  the  Gospel  of 
Luke,  of  the  inefBcacy  of  Divine  admonition 
and  instruction  on  this  subject,  even  when 
delivered  by  the  highest  authority.  Our 
Saviour,  in  the  presence  of  a  multitude  of 
Pharisees,  publicans,  and  sinners,  spake  a 
parable,  intended  to  convince  his  hearers,  of 
the  necessity  of  making  a  right  use  of  their 
worldly  enjoyments;  and  he  enforced  his 
instructions  by  the  consideration,  that  if  they 
should  employ  their  wealth  in  purposes  of 
piety  and  benevolence,  at  the  hour  of  death, 
they  would  receive  their  reward,  in  being  in- 
troduced "  into  evei lasting  habitations."  He 
concluded  his  discourse  with  these  emphatic 
words  :  "  No  man  can  .serve  two  mastf^rs  ;  for 
either  he  will  hate  the  one  and  love  the  other, 
or  else  he  w^ill  hold  to  the  one  and  despise  the 
other;  ye  cannot  serve  God  and  Mammon.^* 
Immediately  after  which,  we  are  told  that, 
"the  Pharisees  who  were  covetous,  heard 
of  all  these  things,  and  they  derided  himJ'^ 
Instead  of  opening  their  minds  to  receive  the 
admonitions  of  heavenly  wisdom,  which  were 
so  appropriate  to  their  characters,  the  instruc- 
tions of  the  divine  Saviour  rebounded  from 
their  hearts,  as  an  arrow  from  a  wall  of  ada- 
mant. Instead  of  retiring  to  commune  with 
their  own  hearts,  and  to  reflect  with  serious- 
ness on  the  admonitions  they  had  received, 
they  sneered  with  contempt  at  the  Great 
Instructor,  as  if  he  had  been  a  visionary  who 
did  not  understand  the  nature  of  human  en- 
joyments,    and  who   despised    wealth    only 

t  See  Luke  xvi.  1—14,  compared  with  chap,  xvii 
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because  he  could  not  acquire  it.  They  were 
as  fi^ed  in  their  avaricious  principles  and 
resolutions,  as  a  rock  in  the  midst  of  the  tem- 
pest, and  were  determined  to  pursue  thei? 
courses  at  all  hazards,  whatever  might  be  the 
consequence,  and  they  are  now  leaping-  the 
rewards  of  their  unrighteousness.  We  have 
too  much  reason  to  fear  that,  in  the  present 
day,  there  are  in  the  visible  church,  multi- 
tudes of  characters  as  hardened  in  their  covet- 
ousness  as  the  ancient  Pharisees.  And, 
therefore,  it  becomes  every  one  to  exercise  a 
holy  jealousy  over  his  heart  in  regard  to  this 
deceitful,  hardening  and  soul-ruining  propen- 
sity.    ^'  For    many   strong    men   have   been 


wounded  and  cast  down"  by  it;  many  who 
entered  on  active  life,  giving  high  hopes  of 
their  Christian  attainments,  have,  through  the 
influence  of  worldly  cares,  and  worldly  gran- 
deur, made  shipwreck  of  faith  and  of  a  good 
conscience,  disgraced  their  profession,  con- 
formed themselves  to  the  corrupt  maxims  and 
pleasures  of  the  world,  and  fallen  into  many 
snares  and  temptations  which  drown  men  in 
destruction  and  perdition.  O  that  every  one 
would  ponder  aright  these  emphatic  words  of 
our  blessed  Saviour  :  "  What  shall  it  profit  a 
man  if  he  shall  gain  the  whole  world  and  lose 
his  own  soul  1  or  what  shall  a  man  give  in 
exchange  for  his  soul  1" 


CHAPTER  IV. 

On  the  .Evils  wJiich  flow  from  Covetousness. 


Whtxe  the  rational  and  pious  distribution 
of  wealth  miglit  be  made  the  source  of  innu- 
merable benefits  to  mankind,  the  inordinate 
*'  love  of  money,"  we  are  told,  "  7*5  the  root 
of  all  eviir  There  is  scarcely  a  moral  evil 
connected  with  the  present  or  past  condition 
of  the  human  race,  but  may  be  traced,  in  a 
greater  or  less  degree,  to  this  unhallowed 
affection.  It  has  even  exerted  a  powerful  in- 
fluence in  producing  the  greater  part  of  those 
physical  evils  which  are  felt  in  every  land, 
and  among  every  rank  of  society.  Were  we, 
therefore,  to  attempt  a  full  illustration  of  this 
topic,  it  would  be  requisite  to  take  a  review 
of  the  state  of  the  human  race  in  every  age, 
and  to  Vk-rite  a  history  of  wars  and  devasta- 
tions, and  of  the  animosities  and  contentions, 
the  sorrows  and  suiferings  of  mankind, — -so 
that,  instead  of  a  few  pages,  many  volumes 
would  be  requisite  for  recording  the  revolting 
details.  But,  as  it  is  not  necessary  in  the 
present  essay  to  enter  into  details,  I  shall 
advert,  in  a  concise  manner,  only  to  a  few 
prominent  particularso 

1.  As  covetousness  naturally  leads  to  dis- 
honesty, so  the  covetous  man  is,  to  all  intents 
and  purposes,  a  thief  and  a  r obiter. 

In  the  first  place,  he  robs  his  Maker.  This 
might  appear  a  very  odd  representation,  if  we 
had  not  the  authority  of  God  himself  to  sanc- 
tion it.  The  prophet  Malachi,  in  the  name 
of  Jehovah,  charges  the  people  of  Israel 
with  this  crime.  "  Will  a  man  rob  God  1 
Vet  ye  have  robbed  me  ;  but  ye  say,  wherein 
have  we  robbed  theel  In  tithes  and  offerings; 
for  ye  have  robbed  me,  even  this  whole 
nation."  The  Jews  were  commanded  to  bring 
certain  animals  to  the  altar  of  burnt-offering, 
io  be  slain  as  sacrifices,  and  a  portion  of  "  the 
first  fruits  of  their  increase,"  as  a  testimony 
«272) 


of  their  dependence  upon  God  and  their  devo 
tion  to  his  service,  that  they  might  honour  th«? 
Lord  with  their  substance.  But,  their  covet- 
ousness, in  many  instances,  induced  them  to 
withhold  the  sacred  tribute ;  and,  when  they 
professed  to  bring  their  offspring  to  his  altar, 
instead  of  bringing  the  pure  and  perfect  offer- 
ings which  the  law  required,  they  offered 
polluted  bread  upon  his  altar,  and  brought 
the  blind,  the  lame,  and  the  sick  for  sacrifice, 
which  they  would  have  thought  unworthy  of 
being  presented  to  their  governor.  In  conse- 
quence of  such  conduct,  the  curse  of  God  was 
pronounced  on  the  guilty  individuals,  and  on 
the  priests  who  winked  at  such  robbery  and 
profanation.  "  Now,  O  ye  priests,  this  com 
mandment  is  for  you.  If  ye  will  not  hea? 
and  if  you  will  not  lay  it  to  heart  to  give  glory 
to  my  name,  saith  the  Lord  of  Hosts,  I  will 
even  send  a  curse  upon  you,  and  T  will  curse 
your  blessings;  yea,  I  have  cursed  them 
already,  because  ye  do  not  lay  it  to  heart. 
For  ye  have  profaned  my  name  in  that  ye 
say,  the  table  of  the  Lord  is  polluted,  and 
what  you  offer  thereon,  contemptible.  Ye 
brought  also  the  torn,  the  lame,  and  the  sick  ; 
thus  ye  brought  an  offering  ;  should  I  receive 
this  at  your  hand,  saith  the  Lord?  But  cursed 
be  the  deceiver  who  hath  in  his  flock  a  male, 
and  voweth  and  sacrificeth  to  the  Lord  a  cor- 
rupt thing ;  for  I  arn  a  Great  King,  saith  the 
Lord  of  Hosts,  and  my  name  is  dreadful 
among  the  heathen."  Such  were  the  sacrile- 
gious practices  of  multitudes  of  professed 
worshippers  among  the  Jews,  even  after  they 
were  restored  from  the  Babylonish  captivity  ; 
and  which  brought  down  upon  their  heads 
Divine  judgments,  and  the  severest  curse  of 
the  Most  High. 

The  same  crimes  are  still  prevalent  undef 
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mc  Christian  dispensation,  though  they  as- 
sume a  different  form.  Both  the  avaricious 
miser  and  the  splendid  worldling,  rob  God  of 
bis  offerings,  when  they  withhold  that  por- 
tion of  their  substance  which  he  demands  for 
his  worship  and  service.  It  is  true,  indeed, 
that  the  Deity  is,  and  ever  'musi  be  absolutely 
independent  of  all  his  creatures,  either  in 
neaven  or  on  earth.  Our  giving  cannot  en- 
rich Him,  nor  our  withholding  impoverish 
him.  "AH  the  treasures  of  the  universe  were 
created  by  him,  and  are  subject  to  his  sove- 
reign disposal.  "  Every  beast  in  the  forest  is 
his,  the  fowls  of  the  mountains,  and  the 
cattle  on  a  thousand  hills;  for  the  world," 
said  Jehovah,  "  is  mine,  and  the  fulness 
thereof."  But,  he  has  given  the  world  we 
inhabit,  as  ^  gift  to  the  children  of  men,  with 
this  reservation,  that,  while  one  portion  of 
its  treasures  is  exclusively  allotted  for  the  en- 
joyment of  man  himself,  and  another  for  the 
inferior  animals,  a  third  portion  is  to  be 
applied  for  the  maintenance  of  the  ordinances 
of  religion,  for  diffusing  divine  knowledge 
throughout  the  world,  and  for  the  purposes 
of  universal  benevolence.  And  this  reserva- 
tion, so  far  from  being  a  burden,  or  an  op- 
pressive tax,  is,  in  reality,  one  of  the  mediums 
through  which  happiness  is  communicated 
and  enjoyed.  When  man  complies  with  such 
a  requisition,  and  acts  uniformly  according  to 
Its  spirit,  he  secures  to  himself  the  highest 
honour  and  happiness  of  which  his  nature  is 
susceptible.  It  assimilates  him,  in  a  certain 
degree,  to  angels  and  the  higher  orders  of 
pure  intelligences,  who  are  continually  em- 
ployed in  acts  of  voluntary  beneficence.  It 
assimilates  him  to  the  Divine  Saviour,  "  who 
went  about  doing  good,"  and  hath  left  on 
record  a  Divine  maxim,  which  deserves  to 
be  emblazoned  in  letters  of  gold,  and  engraven 
on  the  hearts  of  all  the  inhabitants  of  the 
universe — "  It  is  more  blessed  to  giye 
THAK-  TO  iiECEivE."  This  is  a  maxim  which 
is  seldom  recognized,  even  by  Christians,  in 
all  its  practical  bearings.  But  were  it  uni- 
versally acted  upon,  it  would  completely 
change  the  character  of  this  world,  and  trans- 
form it  from  a  scene  of  sin  and  suffering,  into 
a  moral  paradise.  In  heaven,  where  this 
noble  principle  expands  and  governs  the 
hearts  of  all  its  inhabitants,  it  is  one  of  the 
chief  sources  of  that  "  fulness  of  joy,"  and 
those  "pleasuies  which  are  at  God's  right 
hand  for  evermore." 

The  covetous,  therefore,  in  refusing  to 
recognize,  and  to  act  on  this  divine  principle, 
both  violate  the  commands  of  God,  roh  him 
of  the  tithes  and  offerings  he  demands ^  and 
prevent  themselves  from  enjoying  the  felicity 
of  superior  natures.  The  miser  robs  God, 
when  he  either  contributes  nothing  to  his 
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service,  or  such  a  pitiful  sum  as  amounts  to 
little  short  of  an  insult  offered  to  the  cause  of 
religion.  The  rich  worldling  who  lives  in 
splendour,  robs  God  of  his  due  when  he 
expends  fifty  guineas  on  a  splendid  but  use- 
less piece  of  furniture,  a  hundred  guineas  on 
some  trifling  amusement,  or  a  tliousarid 
pounds  to  gratify  a  vain  desire  after  worldly 
honour  or  distinction ;  while  he  either  givi;s 
nothing  at  all,  or  contents  himself  with  con- 
tributing two,  five,  or  ten  guineas  for  the 
propagation  of  knowledge  and  Christiaiity 
through  the  world.  When  a  man  who  Hves 
in  luxury  and  elegance,  who  does  not  hesitate 
to  subscribe  hundreds  on  thousands  of 
pounds  to  Conservative  clubs  or  Orange  so- 
cieties, or  who  wastes  similar  sums  in  gratify- 
ing his  pride  ar  his  appetites,  contributes  only 
such  paltry  portions  of  his  wealth  to  the  most 
noble  object  that  can  engage  the  attention  of 
the  human  mind,  he  virtually  pours  contempt 
on  such  an  object,  by  placing  it  in  the  very 
lowest  ranks,  and  thus  robs  his  Maker,  from 
whom  he  derived  his  wealth,  of  the  tribute 
which  is  due  for  the  promotion  o^  His  glory. 

Every  professing  Christian,  likewise,  in 
whatever  station  he  is  placed,  when  ho  re- 
gards the  interests  of  religion  as  merely  a 
secondary  object,  and  refuses  to  come  cheer- 
fully forward  with  a  fair  proportion  of  his 
substance,  according  as  God  has  prospered 
him,  for  promoting  the  advancement  of  the 
Redeemer's  kingdom,  must  be  considered  as  a 
sacrilegious  robber,  depriving  the  Most  High 
of  the  tithes  and  offerings  he  demands,  and 
consequently  subjects  himself  to  the  infliction 
of  a  curse,  similar  to  that  which  was  de- 
nounced upon  the  covetous  Jews  in  the  days 
of  Malachi. 

In  the  next  place,  the  covetous  man  rohs 
the  poor,  the  distressed,  the  widow  and  the 
fatherless.  He  robs  them  of  their  enjoy- 
ments, by  withholding  that  assistance  which 
is  requisite  for  enabling  them  to  procure  the 
comforts  and  necessaries  of  life.  The  Creator 
has  displayed  his  boundless  liberality  in  the 
abundant  treasures  of  the  earth  and  seas,  ir 
the  ample  space  afforded  for  the  habitation? 
of  man,  and  for  the  production  of  food  and 
the  materials  for  clothing,  and  in  giving  rain 
from  heaven  and  fruitful  seasons,  that  the 
hearts  of  men  may  be  filled  with  food  and 
gladness.  The  earth,  if  properly  cultivated, 
and  its  productions  impartially  distributed, 
would  be  more  than  sufKcient  to  supply 
every  sensitive  comfort  to  twenty  times  the 
present  number  of  the  population  of  our 
globe.*     Even  as  matters  now  stand,  there 

*  Allowing  only  one  fourth  of  the  area  of  the 
globe  to  be  capable  of  cultivation,  and  that  twelve 
acres  of  land  are  sufficient  for  the  maintenance  of 
a  family,  it  is  easily  proved  by  calculation,  that  the 
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is  far  more  produced  from  the  rivers,  the 
ocean,  and  the  dry  land,  than  is  sufficient  for 
the  abundant  sustenance  of  man,  and.  every 
species  of  animated  existence,  were  it  distri- 
buted by  the  hand  of  equity  and  beneficence. 
But  covetousness  interposes  between  the 
Creator  and  his  creatures,  and  attempts  to 
intercept  the  streams  of  Divine  Goodness, 
and  prevent  them  from  flowing  to  every  order 
of  his  sensitive  and  intelhgent  offspring.  It 
either  hoards  up  the  treasures  of  Nature  that 
few  may  enjoy  them,  or  wastes  them  in  vanity 
and  extravagance,  regardless  of  the  privations 
and  sufferings  of  countless  multitudes  who 
are  pining  in  affliction  and  indigence.  In- 
stead of  acting  as  the  Almoners  of  the  Creator, 
in  distributing  the  bounties  he  has  put  into 
their  hands,  the  covetous  do  every  thing  in 
their  power  to  counteract  t\\Q  incessant  opera- 
tions of  Divine  Beneficence — and  thus  roh 
the  poor,  the  distressed  and  the  helpless,  of 
those  comforts  which  his  care  and  providence 
had  provided.  They  likewise  rob  them  by 
an  unceasing  course  of  injustice  and  oppres- 
sion, defrauding  them  of  their  lights,  and,  in 
the  language  of  Scripture,  "  grinding  the  faces 
of  the  poor,  beating  them  to  pieces,  and  taking 
the  spoils  of  the  indigent  into  their  houses."* 

Again,  the  avaricious  man  robs  his  own 
family.  He  frequently  denies  them  the  com- 
forts of  life,  and  even  its  necessaries.  Though 
his  coffers  are  overflowing  with  wealth,  and 
the  means  of  every  sensitive  and  rational 
enjoyment  are  within  his  power,  yet  his  wife 
and  children  are  virtually  sunk  into  the 
depths  o^  poverty.  Their  food  is  mean,  and 
measured  out  with  a  sparing  hand.  Their 
clothes  are  of  the  coarsest  stuff,  and  wear  the 
appearance  of  the  garb  of  poverty ;  their  edu- 
cation is  stinted  or  altogether  neglected,  be- 
cause it  would  prevent  him  from  adding  a 
few  more  shillings  to  replenish  his  bags  and 
coffers.  In  short,  all  their  comforts,  instead 
of  flowing  in  copious  streams  proportionate 
to  his  treasures,  are  measured  out  to  them  in 
the  smallest  quantities,  like  the  small  drops 
of  medicine  from  an  apothecary^s  phial. 

He  likewise  robs  general  society  of  those 
improvements  and  comforts  which  he  is  the 
means  of  preventing. 

Were  it  not  for  avarice,  we  should  have 
our  towns  and  cities  divested  of  every  nui- 
sance, our  streets  broad  and  spacious,  the 
light  of  heaven  and  the  refreshing  breeze 
visiting  every  dwelling,  our  narrow  lanes 
demolished,  our  highways  clean  and  smooth, 
and  adorned  with  refreshing  bowers,  asylums 
foi  the  industrious  poor,  seminaries  for  the 

earth  would  support  sixteen  thoumnd  millions  of 
inhabitants,  which  is   about    twenty  times    the 
number  of  its  present  population. 
^  Isaiah  iii.  14,  15. 


instruction  of  all  ranks  and  ages  in  usefis, 
knowledge,  and  innumerable  other  improve- 
ments for  promoting  the  happiness  of  the 
social  state.  But  covelousness  interposes  and 
raises  an  almost  insurmountable  barrier  to  the 
accompHshment  of  such  designs ;  and,  when 
they  are  partially  effected,  in  particular  cases, 
it  steps  in  and  says,  "  hitherto  shalt  thou 
come,  but  no  farther,  and  here  shall  all  im- 
provements be  stayed." 

In  short,  he  robs  every  philanthropic  societ}^ 
of  its  treasures,  by  withholding  those  gifts 
which  God  has  put  in  his  power  to  bestow ; 
and  he  robs  himself,  by  depriving  himself  of 
contentment  ajid  serenity  of  mind,  and  of 
those  external  comforts  which  God  has  libe- 
rally provided  for  all  his  creatures.  "  Although 
he  wanteth  nothing  for  his  soul  of  all  that  he 
desireth,  yet  he  deprives  himself  of  the  power 
to  eat  thereof"  Such  are  the  robberies  com- 
mitted by  every  one  in  whose  heart  covetous- 
ness sits  enthroned. 

If  this  species  of  robbery  were  viewed,  by 
Christian  and  civil  society,  in  its  proper  light, 
as  delineated  in  the  word  of  God,  the  covetous 
extortioner,  and  the  gay  worldHng  would  be 
as  much  shunned  and  hissed  from  society,  as 
the  sharper,  the  thief,  or  the  midnight  depre- 
dator. 

2.  Covetousness  uniformly  leads  to  false- 
hood and  injustice. 

The  heart  being  set  upon  the  acquisition 
of  wealth  as  its  highest  object,  the  worldling 
seizes  upon  every  mean  by  which  it  may  be 
acquired.  Among  these  means,  falsehood  and 
misrepresentation  are  particularly  conspicuous. 
When  he  is  buying  an  article,  he  endeavours 
to  depreciate  its  properties  and  its  value ;  and 
when  he  is  to  dispose  of  a  similar  commodity, 
he  overrates  its  qualities,  and  attempts  to  pro- 
cure a  price  for  it  far  beyond  its  worth.  If 
there  is  a  prospect  of  the  price  of  any  com- 
modity rising,  he  denies  that  it  is  in  his  pos- 
session, and  if  he  has  a  deteriorated  article 
which  he  wishes  to  dispose  of,  he  will  varnish 
it  over  with  a  fair  outside  to  deceive  the  un- 
wary. If  he  is  tying  up  a  bundle  of  quills, 
he  will  place  four  or  five  in  the  centre,  not 
half  the  value  of  the  rest,  and  thus,  he  sends 
forth  hundreds  of  liars  with  a  fair  outside,  to 
proclaim  as  many  falsehoods  to  the.  world 
If  he  have  money  in  the  stocks,  he  will  some 
times  endeavour  to  propagate  false  intelli 
gence  to  produce  their  rise  or  fall,  according 
as  he  finds  it  his  interest  to  sell  out  or  to 
purchase.  He  misrepresents  the  state  of  the 
markets,  and  the  commodities  of  his  neigh- 
bours, in  order  to  enhance  his  own.  When 
he  covets  his  neighbour's  property,  he  takes 
the  advantage  of  either  poverty  or  ignorance, 
and  resorts  to  falsehood  and  every  deceitful 
mean,  in  order  to  obtain  it  at  half  its  value 
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and  when  it  comes  into  his  possession,  its  de- 
fects are  immediately  transformed  into  valu- 
able properties,  and  it  is  rated  at  a  piice  far 
superior  to  its  intrinsic  worth.  In  this  way, 
his  whole  Hfe  becomes  a  course  of  systematic 
falsehood ;  and,  if  he  can  accomplish  his  de- 
signs by  such  means  without  directly  violating 
the  civil  laws  of  his  country,  he  regards  him- 
self as  a  man  of  uprightness  and  honesty — 
although  the  principle  of  truth,  which  is  the 
basis  of  the  moral  universe,  is  violated  in 
almost  every  transaction.  And,  as  he  is  a 
liar  and  deceiver,  so  he  is,  almost  as  a  matter 
of  course,  guilty  of  injustice  and  oppression. 
For,  instead  of  relieving  the  poor  and  un- 
fortunate, when  calamities  befall  them,  he 
greedily  seizes  upon  such  occurrences,  in 
order  to  acquire  the  remains  of  their  property 
at  an  under  value.  He  drives  from  their  long 
accustomed  dwellings,  the  industrious  cottager, 
and  mechanic,  whose  ancestors  had  for  genera- 
tions occupied  the  same  habitation  or  plot  of 
ground,  in  order  that  he  may  have  a  chance 
of  adding  three  or  four  pounds  more  to  his 
already  overflowing  treasures.  The  bargains 
he  drives,  are  all  hard,  and  the  poor  who  are 
indebted  to  him  for  loans  of  money,  are  sure 
to  be  fleeced  of  a  double  rate  of  interest.  He 
is  generally  a  usurer  who  lends  to  the  neces- 
sitous, at  an  exorbitant  rate,  and  when  pay- , 
ments  have  been  delayed  beyond  their  proper 
period,  he  seizes  upon  their  properties,  like  a 
furious  wolf,  and  frequently  obtains  them  at  a 
small  fraction  of  their  value.  All  such  acts 
of  oppression,  which  are  direct  violations  of 
natural  justice,  he  can  commit,  and  does  com- 
mit in  the  open  face  of  day,  and  hugs  himself 
in  the  idea  that  he  can  do  so  without  directly 
violating  the  statute  law  of  his  country. 

Dr.  Reed,  in  his  late  "  Narrative  of  a  visit 
to  the  American  Churches,"  presents  a  sketch 
of  a  female  character  he  met  with  in  one  of 
his  journeys,  that  bears  a  certain  resemblance 
to  what  we  have  now  described  :  "  Crowded 
and  almost  suffocated  [in  our  vehicle],  we  had 
an  old  lady  who  did  not  fail  to  amuse  us. 
She  sat  opposite  me,  and  would  force  a  con- 
versation :  and  as  her  voice  was  sharp  and 
shrill,  what  was  meant  for  me  went  to  all. 
*  As  for  religion,  she  thought  one  as  good  as 
another,  if  we  did  our  duty ;  and  her  notion 
of  duty  was  to  mind  our  own  business.  For 
her  part,  she  had  always  done  so ;  she  ridiculed 
those  who  had  employed  others  to  do  it  for 
them ;  she  could  always  do  hers  best  for  her- 
self; she  could  make  fifteen  per  cent*  of 
money — ^had  small  sums  out  now  at  fifteen 
per  cent.'  She  felt  that  this  was  not  ap- 
proved. *0h!  she  was  not  hard  with  the 
poor  creatures;  if  they  were  pressed,  she 
waited,  and  lent  them  a  little  more,  so  that 
they  could  pay  at  last.     She  had  always  been 


unmarried,  not  for  want  of  oilers,  but  she 
liked  her  independency,  and  would  resent 
the  offers  of  any  man  who  would  want  to  get 
her  property.'  I  remarked,  that  she  had  done 
well  not  to  marry ;  as  a  person,  like  herself, 
who  could  do  every  thing  so  well,  could  have 
no  need  of  a  husband.  'Right,  right,  sir,' 
she  cried,  laughing.  Then  getthig  thoughtful, 
she  continued:  'But  I  have  a  great  deal  of 
care,  and  I  often  think,  I  should  like  to  retire 
and  be  quiet ;  and  then,  I  feel  as  if  I  could 
not  be  quiet,  and  then  I  should  have  no 
friend.  I  should  want  a  friend,  if  I  retired, 
else  I  could  aflbrd  it,  you  know.'  '  Oh,  I  had 
no  doubt  of  her  having  a  handsome  property.' 
*  Oh  no,  sir,  your  joke  is  very  pretty,  but  I  did 
not  mean  to  say  I  was  rich.  I  have  some- 
where or  other  about  7000  dollars ;  but  I 
guess  that  you  have  more  money  than  all  of 
us  put  together.'  And  thus  she  continued 
throughout  the  journey,  never  embarrassed, 
always  prepared  to  meet  you  in  reply,  and 
always  satisfied  with  her  own  shrewdness. 
She  was  really  a  character,— person,  features, 
dress  and  all,  but  a  most  pitiable  one.  A  great 
usurer  on,  a  small  scale  ;  the  love  of  money 
had  become  in  her  the  root  of  all  evil ;  it  made 
her  indifferent  to  a  future  world,  and  destroyed 
all  that  was  feminine,  tender,  and  benevolent."* 

This  is  truly  a  graphic  picture  of  an  old 
female  miser,  whose  heart  appears  to  have 
been  long  wedded  to  the  Mammon  of  un- 
righteousness. Her  moral  sense  appears  to 
have  been  completely  blunted  by  her  love  of 
money ;  for  she  appears  to  have  had  no  im- 
pression of  the  injustice  of  taking  fifteen  per 
cent,  from  "  poor  creatures."  Yet,  it  is  evi- 
dent, from  her  declaring  that  "she  had  a 
great  deal  of  care,"  ami  from  her  wish  and 
hesitation  about  retiring  from  the  world,  that 
she  was  an  unhappy  mortal,  as  all  such 
characters  must  necessarily  be.  As  the  doctor 
would  doubtless  intersperse  in  his  conversa- 
tion, some  rational  and  scriptural  arguments 
against  covetousness,  it  is  rather  a  defect  in 
his  narrative,  that  he  does  not  state  what 
impressions  they  made,  or  how  they  were 
received  ;  for  the  lady,  he  informs  us,  "  was 
always  prepared  to  meet  you  in  reply." 
Alas!  that  so  many  such  characters  should 
be  found  in  a  Christian  land,  who  think,  like 
this  wretched  female,  Cnat  they  have  done 
their  duty,  "  when  they  njind  their  own  ava- 
ricious business." 

3.  Covetousness  destroys  natural  feeling 
and  tenderness  of  conscience. 

There  are  few  vicious  dispositions  that  have 
a  greater  tendency  to  harden  the  natural  feel- 
ings of  the  human  heart,  and  to  produce  a 
complete  apathy  in  regard  to  the  wants  and 

*  Narrative  of  a  visit,  &c.  by  Drs.  Reed  and 
Mattheson,  vol,  i.  pp.  103,  104. 
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sufferings  of  others,  than  the  inordinate  love 
.-if  money.  The  tale  of  wo,  the  houseless 
wanderer  shivering  in  rags  amidst  the  blasts 
of  winter,  the  wsaits  and  distresses  of  the  sur- 
rounding poor,  and  the  claims  of  indigent 
friends  and  relatives,  make  no  impression  on 
that  heart  which  is  encircled,  as  by  a  wall  of 
adamant,  with  the  immoderate  love  of  gain. 
On  such  a  heart,  the  tears  of  the  unfortunate, 
and  of  the  widow  and  orphan,  will  drop  in 
vain.  Its  eyes  are  blind  to  spectacles  of 
misery,  its  hands  are  shut,  and  its  ears  deaf 
to  the  calls  of  poverty  and  the  cries  of  dis- 
tress. Such  unhappy  petitioners,  instead  of 
meeting  with  pity  or  reUef,  are  driven  from 
the  door  of  avarice,  with  growls  and  insults, 
and  the  haughtiness  of  a  tyrant.  Even  do- 
mestic affliction,  and  the  death  of  parents, 
wives,  or  children,  will  scarcely  aftect  the 
heart  that  is  rendered  callous  by  covetousness. 
Of  this  we  have  a  striking  example,  in  the  case 
of  Edward  Nokes,  some  of  the  particulars  of 
whose  avaricious  conduct  were  formerly  stated. 
(See  p.  23.)  In  his  younger  days,  he  used, 
at  the  death  of  any  of  his  children,  to  have 
a  deal-box  made  to  put  them  in ;  and,  without 
undergoing  the  solemn  requisites  of  a  regular 
funeral,  he  would  take  them  upon  his  shoulder 
to  the  place  appropriated  for  their  reception, 
as  if  he  had  been  carrying  a  common  burden, 
or  a  young  pig  to  the  market,  and  with  simi- 
lar apathy  and  unconcern.  When  once  de- 
posited in  the  grave,  he  appeared  to  give 
himself  no  further  thought  about  the  matter, 
and  seemingly  coincided  with  the  old  maxim, 
"  out  of  sight,  out  of  mind,"  and  appeared  as 
unconcerned  as  if  nothing  had  happened.  A 
similar  want  of  feeling  seems  to  have  charac- 
terized the  old  American  laily,  whose  features 
are  delineated  above.  To  be  "  without  natu- 
ral affection,"  is  a  disposition  which,  in  the 
word  of  God,  is  ranked  with  that  of  "  a  repro- 
bate mind,  maliciousness,  envy,  murder,  and 
other  abominable  crimes,"  and  is  a  plain  proof 
of  the  malignity  of  the  avaricious  principle 
from  which  it  flows.  And,  as  natural  feeling 
is  destroyed,  so  the  conscience  is  benumbed 
by  the  covetous  principle,  and  even  "  seared 
as  with  a  hot  iron."  Its  remonstrances  are 
gradually  overcome  by  the  daily  increase  of 
the  avaricious  appetite ;  and,  in  the  course  of 
time,  its  "  still  small  voice"  is  altogether  dis- 
regarded. Neither  the  promises  nor  the  threat- 
enings  of  the  divine  word,  however  frequently 
they  may  be  heard,  nor  the  joys  and  terrors 
of  the  unseen  world,  can  arouse  the  con- 
science to  a  sense  of  duty  or  of  danger. 
Such,  in  many  instances,  is  its  insensibility, 
that  all  the  arguments  and  motives  on  the 
necessity  of  faith,  repentance,  and  amend- 
ment of  life,  become  as  ineffectual  for  awaken- 
ing consideration,  as  if  they  were  addressed 
(276) 


to  the  beasts  of  the  forest,  or  the  stones  of  the 
field.  No  situation  in  which  a  man  can  be 
placed  is  more  dismal  and  alarming  than  such 
a  state ;  and  since  it  is  the  natural  result  of 
inveterate  covetousness,  it  should  make  every 
one  tremble  lest  he  should  be  left  to  fall  into 
those  hurtful  lusts  which  drown  men  in  de- 
struction and  perdition. 

4.  Covetousness  leads  to  the  indulgence  of 
murderous  wishes,  and  even  to  murder  itself 

As  the  lives  of  certain  individuals  fre- 
quently stand  in  the  way  of  the  gratification 
of  the  covetous  appetite,  the  avaricious  world- 
ling naturally  wishes  that  they  may  be  re- 
moved as  speedily  as  possible  from  the  world ; 
and  when  a  relative  dies,  at  whose  decease  an 
inheritance  is  expected,  he  can  scarcely  re- 
frain from  expressing  his  satisfaction  and  joy. 
Hence  the  anxiety  with  which  such  persons 
look  forward  to  the  death  of  any  one  from 
whom  a  legacy  or  an  inheritance  is  to  be  de- 
rived ;  and  hence  the  very  common  expres- 
sions of  such,  in  reference  to  an  uncle,  an 
aunt,  or  even  a  parent — "  The  old  fellow  has 
surely  lived  long  enough.  When  will  he  get 
out  of  the  way  1"  "  I  wish  that  old  dame 
who  gives  away  so  much  money  for  religion, 
were  safely  landed  in  heaven.  If  she  con- 
tinues here  much  longer,  I  shall  have  a  sorry 
chance  of  enjoying  her  possessions."  But 
covetousness  does  not  always  content  itself 
with  such  unhallowed  and  diabolical  wishes. 
Strong  desires  and  ardent  wishes  generally 
lead  to  corresponding  actions.  In  the  pre- 
sence of  the  Omniscient,  and  in  defiance  of 
his  positive  laws  and  his  Almighty  power,  it 
not  unfrequently  takes  into  its  hands  the 
power  of  life  and  death,  and,  by  an  insidious 
murder,  rids  itself  of  those  who  were  consi- 
dered as  obstacles  to  its  gratification.  The 
poisoned  cup  is  administered,  or  the  sword 
and  blunderbuss  prepared,  or  the  assassin 
hired  to  poignard  or  to  suffocate  the  unsus- 
pecting victim,  that  avarice  may  glut  itself 
with  the  wages  of  unrighteousness  and  the 
spoils  of  violence.  Cases  of  this  kind  are  so 
numerous  that  many  volumes  would  not  be 
sufficient  to  record  them.  Perhaps  it  would 
not  be  going  beyond  the  bounds  of  fact  to 
affirm,  that  one-half  of  the  murders  commit- 
ted in  the  world  have  had  their  origin  in  this 
abominable  affection.  Almost  every  daily 
newspaper  that  comes  into  our  hands  contains 
some  revolting  details  of  this  description.  It 
is  seldom  that  a  week  passes  in  the  police 
offices  and  other  criminal  courts  in  London, 
in  which  cases  of  violence,  or  of  murders, 
arising  from  this  cause,  are  not  exhibited  ^o 
public  view.  And  when  we  consider  the 
secrecy  and  dexterity  with  which  such  atro- 
cious acts  are  generally  conducted,  wc  may 
easily  conceive  how  many  such  deeds  may  he 
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perpetrated  unknown  to  any  human  being, 
except  the  perpetrator,  and  to  which  the  eye 
of  Omniscience  alone  is  a  witness. 

Among  all  ranks  of  society,  such  atrocities 
have  been  committed.  Not  only  the  lower 
but  the  very  highest  order  of  men  have  been 
implicated  in  the  commission  of  such  enormi- 
ties. Even  princes  and  nobles  connected 
with  the  British  throne,  under  the  influence 
of  avarice  and  ambition,  have  committed 
crniies  of  this  description,  at  which  humanity 
shudders.  Richard  III.,  of  England,  when 
duke  of  Gloucester,  and  protector  of  England, 
after  the  death  of  his  brother,  Edward  IV., 
prepared  his  way  to  the  throne,  by  causing 
the  earl  of  Rivers  and  other  noblemen,  who 
had  charge  of  the  legitimate  heirs,  to  be  be- 
headed, without  any  trial  or  form  of  process, 
and  on  the  very  day  in  w^hich  these  men  were 
murdered  at  Pomfret,  he  treacherously  caused 
a  number  of  armed  men  to  rush  in  at  a  given 
signal,  and  seize  Lord  Hastings,  when  he  was 
attending  a  council  at  the  Tower — whom 
they  instantly  beheaded  on  a  timber-log  which 
lay  in  the  court.  And,  when  he  had,  by  such 
atrocities  and  the  basest  treacheries,  seated 
himself  on  the  throne,  to  secure  its  stability, 
as  he  imagined,  he  hired  a  principal  assassin 
and  three  associates,  to  murder  the  two  young 
princes,  his  nephews,  whom  his  brother  had 
committed  to  his  protection.  They  came  in 
the  night  time  to  the  chamber  where  the  young 
princes  were  lodged.  They  found  them  in 
bed,  and  fallen  into  a  profound  sleep.  After 
suffocating  them  with  a  bolster  and  pillows, 
they  showed  their  naked  bodies  to  the  princi- 
pal assassin,  who  ordered  them  to  be  buried 
at  the  foot  of  the  stairs,  deep  in  the  ground, 
under  a  heap  of  stones.  But  this  atrocious 
monster,  notwithstanding  the  splendours  of 
his  court,  appeared  never  afterwards  to  enjoy 
repose.  His  eyes  were  always  whirling  about 
on  this  side  and  on  that;  and  he  was  always 
laying  his  hand  upon  his  dagger,  looking  as 
furiously  as  if  he  were  ready  to  strike.  By 
day  he  had  no  quiet,  and  by  night  he  had  no 
rest;  but,  molested  with  terrifying  dreams, 
would  start  from  his  bed  and  run  about  the 
chamber  like  one  distracted.  He  enjoyed  the 
fruits  of  his  wickedness  only  two  short  years, 
and  was  killed  at  the  battle  of  Bos  worth, 
where  his  body  was  found  in  the  field  covered 
with  dead  enemies  and  all  besmeared  with 
blood.  It  was  thrown  carelessly  across  a 
horse,  and  carried  to  Leicester,  amidst  the 
shouts  of  insulting  spectators.  How  many 
such  murders  may  have  been  committed,  un- 
der the  influence  of  covetousness,  by  ambi- 
tious statesmen,  by  kings  and  conquerors,  by 
guardians  and  wardens,  and  even  by  the  near- 
est relatives,  God  only  knows ;  but  history, 
both  ancient  and  modern,  is  full  of  such   re- 


volting details;  and  such  details  relate. only 
to  such  as  were  detected  and  exposed  to  pub- 
lic view.  When  we  seriously  consider  this 
dreadful  tendency  of  the  covetous  and  ambi- 
tious principle,  it  should  form  a  powerful  mo- 
tive to  every  one,  and  particularly  to  every 
professing  Christian,  for  counteracting  the 
first  risings  of  such  depraved  affections. 
For,  if  they  be  harboured  and  cherished  for 
any  length  of  time,  they  may  lead  to  atroci- 
ties from  which  the  mind  would  have  pre- 
viously shrunk  back  with  horror.  As  a  few 
small  sparks  will  sometimes  produce  an  ap- 
palling conflagration,  so  a  few  covetous  affec- 
tions, nursed  and  fostered  in  the  heart,  may 
lead  to  the  most  appalling  murders,  and  to 
the  destruction  of  soul  and  body,  both  in  re- 
gard to  ourselves,  and  to,  the  victims  of  our 
unhallowed  propensities. 

5.  Covetousness  has,  in  numerous  instances, 
perverted  the  administration  of  the  law,  and 
frustrated  the  ends  of  public  justice. 

Courts  of  Judicature  were  instituted  for  the 
purpose  of  dispensing  justice  between  man 
and  man,  for  punishing  the  guilty  and  protect- 
ing the  innocent;  and  therefore,  those  who 
are  appointed  to  preside  in  such  cases,  ought, 
in  an  especial  manner,  to  be  men  of  upright- 
ness and  impartiality,  and  inflexible  in  their 
adherence  to  the  side  of  truth  and  justice. 
Hence,  the  propriety  of  the  advice  of  Jethro 
to  Moses,  that,  in  appointing  judges  for  Israel, 
he  should  make  chice  of  "  able  men  who  fear 
God  and  hate  covetousness."  Without  the 
fear  of  God  before  his  eyes,  a  judge  will  be 
liable  to  be  biassed  in  his  decision  by  selfish 
and  worldly  motives,  and  the  influence  of 
proffered  bribes.  And,  how  oflen  does  it  hap- 
pen that  gold,  or  something  equivalent  to  it, 
turns  the  scales  of  justice,  and  makes  them 
preponderate  on  the  side  of  iniquity  and  op- 
pression]— when  the  cause  of  the  rich  is  pre- 
ferred, and  the  poor  deprived  of  their  rights — 
the  innocent  condemned,  and  the  guilty  ac- 
quitted— "  the  persons  of  the  wicked  accepted, 
and  the  cause  of  the  widow  and  the  fatherless 
turned  aside  !"  By  such  unrighteous  decrees 
in  courts  of  Judicature,  the  most  distressing 
and  melancholy  effects  have  frequently  been 
produced.  Families  have  been  robbed  of  every 
earthly  comfort,  and  plunged  into  the  depths 
of  poverty  and  despair.  The  stranger  and 
the  destitute,  the  widow  and  the  orphan,  have 
been  oppressed  and  forsaken,  and  denied  the 
common  rights  of  justice  and  humanity.  The 
wicked  have  been  left  to  triumph  in  their 
wickedness,  while  the  righteous  have  been 
condemned  to  imprisonment,  to  exile,  or  to 
death.  Men  of  integrity  and  piety  "  of  whom 
the  world  was  not  worthy,"  have  been  doomed 
to  dungeons,  to  racks,  to  tortures  of  every 
kind,  and  to  be  consumed  in  the  flames,  while 
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their  accusers  and  judges  have  been  permitted 
to  riot  and  fatten  on  the  spoils  of  iniquity. 
Hence  the  frequent  and  pointed  declarations 
of  Scripture  in  reference  to  judges,  "  They 
shall  judge  the  people  with  just  judgment," 
"  Thou  shalt  not  respect  persons,  neither  take 
a  gift ;  for  a  gift  doth  blind  the  eyes  of  the 
wise,  and  pervert  the  words  of  the  righteous." 
"  Thou  shalt  not  respect  the  person  of  the 
poor,  nor  honour  the  person  of  the  mighty, 
but  in  righteousness  shalt  thou  judge  thy 
neighbour."  And  hence,  the  threatenings 
denounced  against  the  rulers  of  Israel  by  the 
prophet  Isaiah  ;  "  How  is  the  faithful  city  be- 
come an  harlot!  righteousness  lodged  in  it, 
but  now  murderers.  Thy  princes  are  com- 
panions of  thieves;  every  one  loveth  gifts, 
and  followeth  after  rewards ;  they  judge  not 
the  fatherless,  neither  doth  the  cause  of  the 
widow  come  unto  them.  Therefore  saith  the 
Lord,  the  Mighty  One  of  Israel, — Ah  !  I  will 
ease  rae  of  mine  adversaries  and  avenge  me 
of  mine  enemies."* 

History,  both  civil  and  sacred,  is  full  of 
examples  of  this  description.  We  have  a 
striking  instance  recorded  in  the  first  book  of 
Kings,  in  relation  to  Ahab,  and  the  vineyard 
of  Naboth.  The  king  desired  to  have  the 
vineyard  to  add  to  the  gardens  belonging  to 
his  palace.  But  Naboth  was  prohibited,  by 
the  law  of  Moses,  from  alienating  from  his 
family  and  posterity,  the  inheritance  of  his 
ancestors.  Jezebel  the  queen  was  determined, 
however,  to  eiFectuate  her  purpose,  and  she 
found  ready  instruments  among  the  judges  of 
the  land,  to  carry  into  execution  her  diabolical 
scheme.  With  the  basest  effrontery  and  hy- 
pocrisy, she  wrote  letters  in  Ahab's  name  to 
the  nobles  and  the  elders  of  the  city  in  which 
Naboth  dwelt,  and  hired  two  "  men  of  Belial" 
to  witness  against  him  that  he  had  "  blas- 
phemed God  and  the  king."  It  is  truly 
lamentable,  that,  in  every  age,  in  all  such 
cases,  princes  have  never  wanted  instruments 
to  accomplish  their  most  atrocious  designs, 
when  they  made  an  appeal  to  the  principle 
of  ambition  and  avarice.  In  this  case,  it 
would  appear,  there  was  not  one  of  all  the 
judges  of  this  city  that  abhorred  such  a  piece 
of  villany,  or  was  proof  against  the  flatteries 
and  bribes  of  the  wicked  Jezebel.  For,  in 
obedience  to  her  order,  and  without  the  least 
remonstrance,  "  they  proclaimed  a  fast,"  they 
set  the  virtuous  Naboth  "  on  high  among  the 
people,"  condemned  him  on  the  false  witness 
of  two  atrocious  characters,  and  "  carried  him 
forth  out  of  the  city  and  stoned  him  with 
stones  that  he  died."  And,  in  order  to  dis- 
play their  sycophancy  to  this  atrocious  woman, 
and  to  gratify  her  pride  and  revenge — and  to 
show  that  they  deserved  her  favour  for  the 
*  Deut.  xvi  18,  19.  Exod.  xxiii.  6,  9, 
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deed  they  had  committed,  they  immediately 
sent  information  to  Jezebel,  saying,  "  Naboth 
is  stoned,  and  is  dead."  This  is  but  one  in- 
stance, out  of  many  thousands  of  similar 
crimes  which  have  been  committed  under  the 
show  of  justice,  through  the  influence  of  sel- 
5shness  and  avarice.  The  records  of  the 
Inquisition,  of  the  conclaves  of  popes  and 
cardinals,  of  the  star  chamber,  of  the  high 
commission  court,  and  even  of  many  other 
courts  deemed  more  just  and  honourable,  by 
whose  decrees,  men  innocent  of  any  crime, 
have  been  fined  and  imprisoned,  robbed  of 
their  earthly  possessions,  tortured  with  racks 
and  thumb-screws,  and  doomed  to  ignominious 
deaths,  would  aflford  ten  thousands  of  striking 
examples  of  unrighteous  decisions,  proceeding 
from  a  principle  of  ambition  and  covetousness, 
sufficient  to  make  "  the  ears  of  every  one  that 
hears  them  to  tingle." 

It  is  related  of  that  pious  and  upright  judge, 
Sir  Matthew  Hale,  that,  when  a  gentleman 
who  had  a  cause  to  be  tried  at  the  assizes, 
sent  him  a  buck  for  his  table  ;  as  soon  as  his 
name  was  mentioned,  he  asked  him,  "  if  he 
was  not  the  same  person  who  sent  him  veni- 
son," and  finding  he  was  the  same,  he  told 
him,  "he  could  not  suffer  the  trial  to  go  on, 
till  he  had  paid  him  for  his  buck."  To  which 
the  gentleman  answered,  "  that  he  had  never 
sold  his  venison,  and  that  he  had  done  nothing 
to  him  that  he  did  not  do  to  every  judge 
thai  had  gone  that  circuit.'^  But  this  excel- 
lent judge  had  learned  from  Solomon  that  "  a 
gift  perverteth  the  ways  of  judgment,"  and 
therefore  he  would  not  suifer  the  trial  to  go 
on  till  he  had  paid  for  the  present:  upon 
which  the  gentleman  withdrew  the  record. 

On  another  occasion,  at  Salisbury,  the  dean 
and  chapter,  having,  according  to  the  custom, 
presented  him  with  six  sugar-loaves,  on  his 
circuit,  he  made  his  servants  pay  for  the  sugar 
before  he  would  try  their  cause.  These  an- 
ecdotes, while  they  illustrate  the  uprightness 
and  impartiahty  of  this  eminent  person,  also 
prove,  that  it  was  customary  for  those  who 
had  causes  to  be  tried,  to  give  presents  to  the 
Judges  of  assize  ;  and  that,  in  all  probabiHty, 
they  frequently  acted  under  the  influence  of 
such  bribes. 

Another  story  is  told  of  Judge  Hale,  in  re- 
ference to  a  case  between  two  brothers,  the 
younger  of  whom  had  endeavoured  to  deprive 
his  elder  brother  of  an  estate  of  £500  a  year, 
by  suborning  witnesses  to  declare  that  he  died 
in  a  foreign  land.  Under  the  guise  of  a 
miller,  he  was  chosen  one  of  the  jury  on  this 
cause ;  and  as  soon  as  the  clerk  of  the  court 
had  sworn  in  the  jurymen,  a  little  dextrous 
fellow  came  into  their  apartment  and  slipped 
ten  golden  Caroluses  into  the  hands  of  eleven 
of  the  jury,  and  gave  the   miller  five,  whiW 
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thejuJge,  at  the  same  time,  was  known  to 
be  bribed  with  a  great  sum.  The  judge  sum- 
med up  the  evidence  in  favour  of  the  younger 
brother,  and  the  jury  were  about  to  give  their 
assent,  when  the  supposed  miller  stood  up 
and  addressed  the  court  with  such  energetic 
and  manly  eloquence,  as  astonished  the  judge 
and  all  present — unravelled  the  sophistry  to 
the  very  bottom,  proved  the  fact  of  bribery, 
evinced  the  elder  brother's  title  to  the  estate, 
from  the  contradictory  evidences  of  the  wit- 
nesses, and  gained  a  complete  victory  in 
favour  of  truth  and  justice. 

The  well-kown  Judge  Jeffreys,  who  was 
as  avaricious  as  he  was  unjust  and  cruel,  re- 
duced many  innocent  victims  to  beggary,  by 
his  rapacious  exactions.  A  gentleman  of 
Devonshire,  of  the  name  of  Prudeaux,  having 
been  thrown  into  prison,  and  dreading  the  se- 
vere and  arbitrary  spirit,  which  at  that  time  met 
with  no  control  was  obliged  to  buy  his  liberty 
of  Jeffreys,  at  the  price  of  fifteen  thousand 
pounds,  though  he  could  never  so  much  as 
learn  the  crime  of  which  he  was  accused. 

And,  as  judges  have  perverted  judgment, 
so  advocates  and  pleaders  in  courts  of  justice, 
under  the  influence  of  avarice,  have  endea- 
voured to  "  turn  aside  the  cause  of  the  needy 
in  judgment."  How  often  have  such  per- 
sons, by  means  of  sophistry,  misrepresenta- 
tion, and  false  eloquence,  supported  a  bad 
cause,  and  robbed  the  fatherless  and  the 
widow  of  their  just  rights  and  their  dearest 
enjoyments — while  the  very  moment  they 
were  doing  so,  they  were  conscious  of  the  in- 
justice of  their  procedure !  thus  subjecting 
themselves  to  that  terrible  denunciation, 
"  Wo  unto  them  that  call  evil  good,  and 
2"Ood  evil,  that  put  darkness  for  light,  and 
light  for  darkness,  that  justify  the  wicked 
for  reward,  and  take  away  the  righteousness 
of  the  righteous  from  him."  Nothing  is  more 
common,  among  such  persons,  than  to  under- 
take a  cause  of  any  description,  however  un- 
tenable, provided,  they  are  paid  for  defending 
it.  In  opposition  to  such  conduct,  vi^hich  is 
directly  opposed  both  to  reason  and  the  word 
of  God,  it  is  said  of  Sir  M.  Hale,  that  "  if  he 
saw  a  cause  was  unjust,  he  would  not  meddle 
farther  in  it;  but  to  give  his  advice  that  it 
vs^as  so  ;  if  the  parties  after  that  were  to  go  on, 
they  were  to  seek  another  counsellor,  for  he 
would  assist  none  in  acts  of  injustice."  "In 
his  pleadings,  he  abhorred  those  too  common 
faults  of  mis-reciting  evidence ;  quoting  pre- 
cedents or  books  falsely,  or  asserting  things 
confidently,  by  which,  ignorant  juries  or 
weak  judges  are  wrought  upon  and  deceived." 
Would  to  God,  that  all  our  pleaders  were 
animated  by  such  upright  and  honourable 
principles ! 

6.  Covetousness  has  transformed  many  of 


the  ministers  of  religion  into  courtly  syco- 
phants, and  hunters  after  places  of  honour 
and  worldly  gain. 

The  apostle  Peter  solemnly  enjoins  Chris- 
tian pastors  to  "  feed  the  flock  of  God,  taking 
the  oversight  thereof,  not  by  constraint,  but 
'  willingly,  not  for  filthy  lucre,  but  of  a  ready 
mind.  Neither  to  act  as  "  lords  over  God's 
heritage,  but  to  be  ensamples  to  the  flock  " 
But,  how  often  do  we  find  that  professed 
ministers  of  the  gospel  appear  to  have  a 
greater  respect  to  the  pecuniary  rewards  of 
their  office  than  to  accomplish  the  great  ends 
far  which  it  was  appointed.  Otherwise,  how 
should  it  ever  happen,,  that  men  would  have 
the  effrontery  to  receive  five,  or  ten,  or  fifteen 
hundred  pounds  a  year,  under  pretence  of 
"  feeding  the  flock  of  God,"  over  which  they 
were  solemnly  appointed,  and  yet  spend  their 
time  in  fashionable  dissipations  in  distant 
countries,  without  ever  caring  for  the  souls 
of  their  parishioners,  or  imparting  to  them 
the  least  portion  of  divine  instruction  ]  Such 
ministers  when  at  any  time  they  do  preach  to 
their  people,  will  naturally  frame  their  ser- 
mons according  to  worldly  motives,  and  for 
selfish  designs.  If  it  may  promote  their 
secular  interests,  they  will  appear  like  Apos- 
tles, full  of  ardent  zeal  for  the  truth  and  in 
opposition  to  error  and  abounding  sins.  But, 
if  the  doctrines  of  the  cross  be  not  palatable 
to  their  fashionable  hearers,  they  will  amuse 
them  with  Pagan  morality,  smooth  down  the 
threaten ings  of  the  divine  word,  and  endea- 
vour to  gratify  the  corrupt  humours  of  their 
audience.  The  standard  of  their  religion 
changes  with  the  changes  of  the  State ;  and 
they  will  not  scruple,  when  their  worldly  in- 
terest is  at  stake,  to  defend  all  that  is  odious 
in  tyranny,  and  to  extol  the  most  wicked  and 
unprincipled  characters.  Of  this  we  have  a 
striking  example  in  the  case  of  the  Reverend 
Dr.  Shaw,  who  lived  in  the  time  of  the  pro- 
tectorship of  the  Duke  of  Gloucester,  who 
afterwards  usurped  the  crown,  under  the  title 
of  Richard  III.  Among  other  pleas  to  gain 
his  ambitious  designs,  Richard  attempted  to 
maintain  what  had  not  the  shadow  of  a  foun- 
dation in  truth — that  both  Edward  IV.  his 
own  brother,  and  the  Duke  of  Clarence,  were 
equally  illegitimate,  and  that  the  Duchess  of 
York  had  received  different  lovers,  who  were 
the  fathers  of  these  children.  Nothing  was 
considered  more  impudent  and  unfounded 
than  this  assertion,  which  threw  so  vile  an 
imputation  on  his  own  mother,  a  princess  of 
irreproachable  virtue,  and  then  alive.  Yet 
the  place  chosen  for  first  promulgating  this 
shameful  falsehood,  was  the  pulpit,  before  a 
large  congregation,  in  the  protector's  pre- 
sence ;  and  a  Reverend  Doctor  of  Divinity 
was  base  enough  to  prostitute  the  sacred  ofBce 

(279) 


Hosted  by  Google 


64 


ESSAY  ON  COVETOUSNESS. 


for  this  purpose.  Dr.  Shaw  was  appointed  to 
preach  at  St.  Paul's ;  and  having  chosen  this 
passage  for  his  text,  ''  Bastard  slipii  shitlt  not 
thrived  he  enlarged  on  all  the  topics  which 
could  discredit  the  birth  of  Edward  IV.,  the 
Duke  of  Clarence,  and  of  all  their  children. 
He  then  broke  out  into  a  panegyric  on  the 
Duke  of  Gloucester,  and  exclaimed,  "  Behold 
this  excellent  Prince,  the  express  image  of 
his  noble  father,  the  genuine  descendant  of 
the  house  of  York  ;  bearing  no  less  in  the 
virtues  of  his  mind,  than  in  the  features  of 
his  countenance,  the  character  of  the  gallant 
Richard,  once  your  hero  and  favourite;  he 
alone  is  entitled  to  your  allegiance ;  he  must 
dehver  you  from  the  dominion  of  all  intru- 
ders ;  he  alone  can  restore  the  lost  honour  and 
glory  of  the  nation."  Such  was  a  part  of  the 
fulsome  oration  of  this  Reverend  sycophant, 
in  favour  of  a  despicable  tyrant  and  atrocious 
murderer.  It  was  previously  concerted,  that 
as  the  doctor  should  pronounce  these  words, 
the  Duke  of  Gloucester  should  enter  the 
church  ;  and  it  was  expected  that  the  audience 
would  cry  out,  "  God  save  kin^  Richard  /" 
which  would  immediately  have  been  laid  hold 
of  as  a  popular  consent,  and  interpreted  to  be 
the  voice  of  the  nation.  But  Providence,  not 
unfrequently,  turns  the  schemes  of  the  crafty 
into  foolishness.  By  a  ridiculous  mistake, 
worthy  of  the  whole  scene,  the  Duke  did  not 
appear  till  after  this  exclamation  was  already 
recited  by  the  preacher.  The  Doctor  was 
therefore  obliged  to  repeat  his  rhetorical  figure 
out  of  its  proper  place :  the  audience,  less 
from  the  absurd  conduct  of  the  discourse,  than 
from  their  detestation  of  these  proceedings, 
kept  a  profound  silence ;  and  the  protector 
and  his  preacher  were  equally  abashed  at  the 
ill  success  of  their  stratagem.  For,  "  He  who 
sits  in  the  heavens,"  and  whose  eyes  "  behold 
the  children  of  men,"  "  holds  in  derision " 
all  such  deceitful  schemes,  and  disappoints 
the  devices  of  the  crafty,  so  that  their  hands 
cannot  perform  their  enterprise." 

It  is  to  be  hoped,  that  there  are,  in  our 
times,  few  persons  connected  with  the  sacred 
otiice,  who  would  go  ail  the  length  with  the 
despicable  sycophant  to  whom  I  have  alluded. 
But  there  is  no  one  who  reads  the  daily  jour- 
nals, and  has  his  eyes  open  to  what  is  passing 
around  him,  but  must  perceive  that  there  are 
characters  within  the  limits  of  the  British 
Empire,  invested  with  the  office  of  ministers 
of  the  gospel,  who  make  a  near  approxima- 
tion in  their  temper  and  conduct,  to  such  po- 
litical parasites.  It  becomes  ministers  of 
religion  in  general,  to  be  particularly  on  their 
gudrd  against  such  unhallowed  propensities, 
so  degrading  to  the  office  of  ambassadors  of 
Christ,  and  with  the  indulgence  of  which 
they  have  been  so  frequently  charged.  If 
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their  great  object  be  merely  "  to  please  men," 
they  '•  cannot  be  the  servants  of  Christ;"  and, 
in  flattering  the  great,  and  pandering  to  their 
pride,  from  ambitious  motives,  they  will  be 
found  subjecting  themselves  to  that  awful 
denunciation  of  our  Saviour,  "  He  that  is 
ashamed  of  me,  before  men,  of  him  w'ill  I  be 
ashamed  before  my  Father  and  his  holy 
angels."  And  a  more  awful  situation  can 
scarcely  be  conceived  than  that  of  an  ambi- 
tious and  worldly-minded  minister  standing 
before  the  bar  of  God,  and  commanded  "to 
give  an  account  of  his  stewardship,"  and  of 
the  souls  committed  to  his  care.  The  pros- 
pect of  such  a  scene,  and  its  appalling  con- 
sequences, ought  to  make  every  such  character 
tremble,  if  he  really  believes  in  a  future  retri- 
bution ;  and  either  throw  aside  all  pretensions 
to  the  sacred  office,  or  "  break  oiF  his  sins  by 
righteousness,"  and  "  flee  for  refuge  from  the 
wrath  to  come." 

In  short,  what  was  addressed  by  the  pro- 
phet Malachi,  in  the  name  of  Jehovah,  to  the 
priests  of  the  Jews,  might  be  addressed  with 
propriety  to  many  of  the  ministers  of  the  New 
Testament  Church,  and  ought  to  excite  their 
solemn  consideration  :  "Ye  have  departed  out 
of  the  way  ;  ye  have  caused  many  to  stumble 
at  the  law;  therefore  have  I  made  you  con- 
temptible and  base  before  all  the  people ;  as 
you  have  not  kept  my  ways,  but  have  been 
partial  in  the  law.  Now,  therefore,  O  ye 
priests,  this  commandment  is  for  you — if  ye 
will  not  hear,  and  if  ye  will  not  lay  it  to 
heart,  to  give  glory  to  my  name,  saith  the 
Lord  of  hosts,  I  will  even  send  a  curse  upon 
you,  and  I  will  curse  your  blessings,  yea  I 
have  cursed  them  already  because  ye  do  not 
lay  it  to  heart." 

7.  Covetousness  inclines  men  to  presuvip" 
tion  and  self-sufficiency,  as  if  they  could  live 
independently  of  their  Maker,  and  conse- 
quently leads  to  a  virtual  denial  of  a  super" 
intending  Providence. 

God  is  the  original  source  of  existence  and 
happiness.  On  him  all  creatures,  from  the 
archangel  to  the  worm,  depend  for  every 
enjoyment  they  now  or  ever  will  possess. 
Throughout  every  region  of  the  universe ; 
all  the  laws  of  nature,  and  all  the  movements 
of  the  material  system  connected  with  these 
laws,  are  absolutely  dependent  upon  Him 
"  who  spake,  and  it  was  done,"  who  gave  the 
command,  "  and  all  things  stood  fast."  Con- 
sequently all  the  orders  of  intelligent  beings, 
wherever  existing  throughout  creation,  are 
every  moment  dependent  upon  his  superin- 
tendence and  care,  for  the  continuance  of 
their  existence,  and  for  every  comfort  they 
enjoy.  Were  he  to  withdravv^  his  supporting 
hand,  their  existence  and  enjoyments  would 
cease,  the  wheels  of  natu'-e  would  stop,  and 
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the  vast  fabric  of  the  universe  would  soon  be 
ttansformed  into  one  frightful  and  universal 
ruin.  "  For  in  Him  we  live  and  move,  and 
have  our  being;"  his  visitation  sustains  our 
spirits,  and  in  his  hand  is  the  soul  of  every 
living  thing,  and  the  breath  of  all  mankind. 
It  is,  therefore,  one  of  the  first  duties  of  every 
rational  creature,  to  look  up  to  God  for  every 
blessing,  to  confide  in  him  for  every  earthly 
comfort,  and  to  acknowledge  his  goodness  for 
every  sensitive  as  well  as  spiritual  enjoyment 
he  confers.  To  act  otherwise,  is  vi**tually  to 
call  in  question  his  existence,  and  hit.  over- 
ruling providence. 

But  riches,  to  which  the  covetous  appetite 
is  directed,  incline  men  to  presume  on  their 
own  self-sufficiency,  and  to  rob  God  of  that 
homage  and  confidence  Vv^hich  is  due  to  him 
as  the  Supreme  Dispenser  of  every  blessing. 
In  many  cases,  they  virtually  depose  God 
from  his.  throne,  and  set  up  the  world  as  the 
object  of  adoration  and  confidence.  Instead 
of  directing  the  soul  to  trust  in  the  Most 
High  in  the  midst  of  dangers  and  distress — 
"  the  rich  man's  wealth  is  his  strong  city,  and 
as  a  high  wail  in  his  own  conceit,"  to  which 
he  looks  for  defence  in  the  prospect  of  what- 
ever may  befall  him.  Hence,  it  is  declared  of 
Israel,  after  they  were  filled  with  abundance, 
"  their  heart  was  exalted,  therefore  have  they 
forgotten  me,  saith  the  Lord ;"  and  hence  the 
declaration  ot  the  Psalmist  in  regard  to  such, 
"they  trust  in  their  wealth,  and  boast  them- 
selves in  the  multitude  of  their  riches."  This 
confidence  in  wealth,  and  forge tfulness  of  de- 
pendence upon  God, 'form  some  of  the  chief 
reasons  why  so  many  pointed  injunctions  are 
given  in  Scripture  in  reference  to  the  evils  of 
covetousness,  and  the  danger  attending  the 
accumulation  of  wealth.  It  was  on  this  ac- 
count, chiefly,  that  the  rich  man  "  who  had 
goods  laid  up  for  many  years,"  was  con- 
demned. He  trusted  in  these  riches  as  the 
source  of  his  happiness,  and  as  a  security  in 
his  own  hands  against  every  calamity;  and. 
he  presumptuously  calculated  on  the  enjoy- 
ment of  many  years  to  come,  forgetting  that 
he  was  every  moment  dependent  for  existence 
on  that  Almighty  Being,  "  in  whose  hand  our 
life  is,  and  whose  are  all  our  ways."  This 
was  likewise  the  characteristic  sin  of  the  rich 
voluptuary,  "  who  was  clothed  in  purple  and 
fine  linen,  and  fared  sumptuously  every  day." 
He  was  not  a  miser,  neither  were  the  poor 
driven  with  insolence  from  his  door ;  for 
Lazarus  lay  at  his  gate,  and  was  fed  with 
the  crumbs  from  his  table.  But  he  was  for- 
getful of  God  ;  his  riches  were  his  confidence  ; 
and  led  him  to  scepticism  and  irreligion,  and 
to  overlook  and  e^en  deny  the  great  realities 
of  the  eternal  world.  This  is  evident  from 
his  request,  that  Lazarus  would  go,  in  the 
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capacity  of  a  prophet,  and  testify  to  his  bre- 
thren the  truth  and  reality  of  a  nilure  state 
of  existence. 

This  confidence  in  riches  has,  in  thousands 
of  instances,  been  a  snare  to  professors  of  reli- 
gion, especially  when  the  open  profession  of 
genuine  Christianity  exposed  to  hazard  their 
worldly  possessions.  Trusting  more  in  their 
wealth  than  in  the  promise  of  divine  protec- 
tion, and  looking  more  earnestly  on  the  thing>^ 
which  are  seen  and  temporal,  than  on  those 
which  are  unseen  and  eternal,  they  have 
turned  aside  from  the  profession  of  their  faith, 
and  virtually  "  denied  the  Lord  who  l)Ought 
them."  Eusebius,  the  ecclesiastical  historian, 
relates,  that  "  in  the  time  of  the  severe  perse- 
cution of  the  church  by  the  Emperor  J3ecius, 
the  rich  men  among  the  Christians  were  the 
most  easily  and  miserably  foiled."  The  love  of 
the  world  vanquished  their 'Christian  fortitude, 
and  led  many  of  them  to  relapse  into  the  pro- 
fession of  Pagan  idolatry.  In  rhut  time  of  the 
Arian  persecution,  many  of  the  rich  who  occu- 
pied offices  which  should  have  led  them  "  to 
contend  earnestly  for  the  faith  once  delivered 
to  the  saints,"  accommodated  their  profession 
to  their  desires  after  ambition  and  avarice. 
Like  too  many  in  our  day,  they  had  a  pohtical 
faith  which  was  either  orthodox  or  Arian,  ac- 
cording as  the  State  should  determine,  and  as 
public  favour  and  emolument  should  smile  on 
the  one  or  the  other.  The  history  of  the 
church  is  full  of  examples  of  this  kind,  and 
there  is  too  much  reason  to  fear  that  there 
are  many  in  our  times,  both  among  the  clergy 
and  the  laity,  following  in  their  footsteps.  It 
therefore  becomes  every  one,  and  especially 
those  professors  of  religion  who  are  possessed 
of  wealth,  carefully  to  examine  the  state  of 
their  hearts  on  this  point,  and  ascertain 
whether  they  are  "  trusting  in  the  Lord,"  or 
"  putting  confidence  in  princes."  In  order  to 
the  exercise  of  confidence  in  God,  it  is  neces- 
sary that  we  should  sometimes  be  brought 
into  straits  and  difficulties.  When  the  poor 
are  in  want,  or  enjoy  but  a  scanty  portion  of 
the  good  things  of  the  world, —  if  they  be 
Christians,  it  naturally  leads  them  to  a  sense 
of  dependence,  and  to  look  up  to  Him  from 
whom  all  comforts  flow ;  and  it  is  highly  ex- 
pedient for  the  exercise  of  faith  and  hope,  that 
we  should  frequently  feel  that  we  are  depend- 
ent creatures.  But  riches  have  a  tendency, 
if  we  be  not  every  moment  upon  our  guard, 
to  make  us  forget  our  dependence  upon  the 
Most  High,  and  to  beget  a  spirit  of  pride  and 
self-sufficiency,  as  if  we  were  able  to  guide 
ourselves  through  the  world,  without  being 
beholden  to  the  care  of  Divine  Providence. 
But,  let  such  learn  to  know,  that  they  stand 
as  much  in  need  of  the  care  and  protection  of 
heaven,  as  the  poorest  wretch  that  wanders 
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houseless  and  forlorn.  They  have  food  and 
drink  of  every  quality,  and  in  abundance. 
But  can  food  ward  oif  calamities  or  death] 
A  tile  falling  from  a  house,  the  oversetting  of 
a  chariot,  or  a  flash  of  lightning  from  the 
clouds,  will  kill  a  rich  man  as  well  as  a  poor. 
They  have  changes  of  costly  raiment,  while 
the  poor  are  covered  with  rags.  But  will  the 
gout,  the  palsy,  the  stone,  or  the  burning 
fever,  pay  any  respect  to  costly  attire  'I  or  will 
the  patient?  ieel  less  agony  under  them,  be- 
cause he  is  covered  with  purple  and  scarlet? 
Besides,  an  earthquake,  an  inundation,  a  tem- 
pest, a  conflagration,  a  shipwreck,  the  perfidy 
of  friends,  tlie  midnight  robber,  or  the  convul- 
sion of  nations  ;  all  which  events  are  under 
the  direction  of  God — may,  in  a  few  days, 
sweep  from  them  all  their  earthly  possessions, 
reduce  them  to  a  state  of  indigence,  and  lay 
all  their  earthly  glory  in  the  dust.  Hence 
the  propriety  of  attending  to  the  admonition 
of  the  Psalmist :  "  Trust  not  in  oppression, 
become  not  rain  in  robbery  ;  if  riches  increase^ 
set  not  ijour  lieart  upon  them.  Trust  in 
Jehovah  at  all  times,  ye  people,  pour  out  your 
heart  before  him,  God  is  a  refuge  for  us." 

8.  Covetousness  has  produced  a// ^AejOitZ'/ic 
evils^  wars,  and  devastations  which  have  hap- 
pened in  every  age  of  the  world. 

The  records  of  history,  as  I  have  had  occa- 
sion to  notice,  contain  little  else  than  disgust- 
ing details  of  the  mischiefs  and  the  miseries 
inflicted  on  the  world,  by  the  ambition  and 
rapaciousness  of  mankind.  The  earth,  which 
might  long,  ago,  have  been  transformed  into  a 
scene  of  fertility  and  beauty,  by  the  benevolent 
agency  of  human  beings,  has,  in  most  of  its 
regions,  been  turned  into  a  scene  of  desola- 
ti(m,  by  destroying  armies  prowling  over 
every  country  in  quest  of  plunder.  Such  is 
the  insatiable  appetite  of  avarice,  that,  not 
contented  with  "  devouring  widows'  houses," 
spoiling  the  weak  and  defenceless  in  her 
native  land  she  has  aimed  at  enriching  her- 
self with  the  plunder  of  Empires.  Like  hell 
and  the  grave,  "  she  has  enlarged  her  desire, 
and  opened  her  mouth  without  measure,  and 
the  glory,  the  multitude  and  the  pomp"  of 
temples,  cities,  states,  kingdoms,  and  conti- 
nents, have  become  a  prey  to  her  ever-craving 
appetite,  and  been  swallowed  up  and  devoured. 
Yet,  after  all,  she  is  never  satisfied,  and  the 
whole  earth  becomes  too  narrow  a  theatre  for 
her  rapacity  and  ambition.  Alexander,  in  the 
mad  career  of  his  conquests,  subdued  and 
plundered  the  greater  part  of  the  known 
world,  and  had  the  riches  and  splendour  of 
its  most  magnificent  cities  at  his  command ; 
yet  when  he  had  finished  his  course,  he  sat 
down  and  wept  like  a  crocodile,  because  he 
had  access  to  no  other  world,  that  might  serve 
gB  a  theatre  for  warfare  and  plunder.  Thus 
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it  is  that  avarice  would  never  curb  her  bound' 
less  desires,  till  she  had  glutted  herself,  not 
only  with  the  spoils  of  this  terret^trial  region, 
but  with  the  treasures  of  the  universe  ;  yet, 
like  hell  and  destruction,  she  would  never  be 
satisfied.  Nor  would  ambition — her  khis^ 
fellow  and  companion — evt.T  cease  its  career, 
till  it  had  subdued  every  order  of  intellectual 
existence,  ascended  the  throne  of  the  Most 
High,  and  seized  the  reins  of  universal  govern- 
ment. 

It  would  be  needless  to  bring  forward  illus- 
trations of  this  topic,  or  to  attempt  to  show 
that  the  covetous  and  ambitious  principle,  has 
been  the  main  cause  of  the  wholesale  destruc- 
tion of  mankind,  and  the  wide  spread  of 
human  misery,  for  almost  the  whole  of  the 
records  of  history  contain  little  else  than  a 
continued  series  of  illustrations  on  this  point , 
and  I  have  already,  under  the  first  head, 
selected  a  few  examples,  which  might  be  mul- 
tiplied a  thousand  fold. 

But  I  cannot  help  pausing  a  little,  to  reflect 
on  the  numerous  evils,  and  the  incalculable 
misery  which  this  unholy  affection  has  pro- 
duced in  the  world.  Could  we  take  only  a 
bird's-eye  view  of  its  operations  and  effects, 
beginning  at  the  first  apostacy  of  man,  and 
tracing  them  down  the  stream  of  time  to  the 
present  day— and  could  we,  at  the  same  time, 
stretch  our  eyes  over  the  globe,  from  north  to 
south,  and  from  east  to  west,  and  contemplate 
the  miseries  which  have  followed  in  its  train 
in  every  land — what  an  awful  and  revolting 
picture  would  be  presented  to  the  view  !  But 
there  is  no  eye,  save  that  of  Omniscience, 
which  could  take  in  the  thousandth  part  of 
the  widely-extended  miseries  and  desolations 
which  it  has  in  every  age  produced.  During 
the  period  which  intervened  fiom  the  fall  of 
man  to  the  deluge,  this  principle  appears  to 
have  operated  on  an  extensive  scale,  for  we 
are  told,  that  "  the  wickedness  of  man  was 
great,"  and  that  "  the  earth  was  filled  with 
VIOLENCE," — evidently  implying  that  the 
strong  and  powerful  were  continually  en- 
gaged in  seizing  on  the  wealth  and  posses- 
sions of  the  weak  and  defenceless,  oppressing 
the  poor,  the  widow,  and  the  fatherless,  plun- 
dering cities,  desolating  fields,  and  carryhig 
bloodshed  and  ruin  through  every  land — tiU 
the  state  of  society  rose  to  such  a  pitch  of 
depravity,  as  rendered  it  expedient  that  they 
should  be  swept  at  once,  wnth  an  overflowing 
flood,  from  the  face  of  creation. 

After  the  deluge,  it  was  not  long  before  the 
lust  of  ambition  began  again  to  display  itself 
by  an  inordinate  desire  after  wealth  and  ag- 
grandizement ;  and  hence,  wars  were  recom- 
menced among  almost  every  tribe,  which  have 
continued,  in  constant  succession,  throughout 
every  generation  to  the  present  day.  Wherever 
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wp  turn  our  eyes  over  the  regions  of  the  globe, 
whether  to  the  civihzed  nations  of  Europe,  the 
empires  of  Southern  Asia,  the  frozen  regions 
of  Siberia,  the  sultry  cUines  of  Africa,  the 
forests  and  wilds  of  America,  or  even  to  the 
most  diminutive  islands,  which  are  spread 
over  the  Pacific  Ocean,  we  behold  Covet- 
ous]s-Ess,  like  an  insatiable  monster,  devour- 
'tng  human  happiness,  and  feasting  on  the 
sorrows  and  sufferings  of  mankind.  But  who 
can  calculate  the  amount  of  misery  which  has 
thus  been  accumulated'?  It  is  more  than 
probable,  that  the  eighth  pari;  of  the  human 
race  has  been  slaughtered  by  the  wars  and 
commotions  which  ambition  has  created;  and, 
consequently,  mqre  than  twenty  thousand 
millions  of  mankind  have  become  its  victims; 
that  is,  twenty-five  times  the  number  of  human 
beings  which  compose  the  present  iiopulation 
of  the  globe.  Along  with  the  destruction  of 
such  a  number  of  rational  beings,  we  have  to 
take  into  account  the  miUions  of  mangled 
wretches  whose  remaining  existence  was  ren- 
dered miserable,  the  numberless  widows  and* 
orphans  who  were  left  to  mourn  the  loss  of 
every  thing  dear  to  them,  the  thousands  of 
infants  that  have  been  murdered,  and  of 
females  that  have  been  violated,  the  famine 
and  pestilence,  and  the  frightful  desolations 
which  destroying  armies  have  always  left 
behind  them.  Many  spots  of  the  earth,  wliich 
were  beautiful  as  Eden,  have  been  turned 
into  a  hideous  wilderness.  The  most  splen- 
did and  magnificent  cities  have  been  set  on 
flames  or  razed  to  their  foundations,  and 
"  their  memorials  have  perished  with  them." 
Even  the  lower  animals  have  been  dragged 
into  battles,  and  have  become  sufferers  amidst 
the  fury  of  combatants  and  the  wreck  of  na- 
tions. Such  are  some  of  the  hideous  desola- 
tions, and  the  vast  amount  of  human  misery 
which  covetousness  has  created ;  for  to  ava- 
rice, leagued  with  ambition,  is  to  be  attributed 
all  the  wars,  commotions,  and  devastations, 
which  have  ever  visited  the  world. 

Besides  such  wholesale  robberies  and  mur- 
ders, covetousness  is  accountable  for  numer- 
ous public  frauds  and  mischiefs  committed 
on  a  smaller  scale  by  the  public  agents  and 
others  connected  with  the  governments  of 
every  country.  In  the  management  of  taxes, 
the  collection  of  national  revenues,  in  con- 
tracts for  the  supply  of  armies  and  navies,  in 
claims  for  undefined  perquisites,  in  the  be- 
stowment  of  places  and  pensions,  in  soliciting 
and  receiving  bribes,  in  the  sale  and  purchase 
of  government  property, — in  these  and  nume- 
rous other  instances,  frauds  and  impositions 
are  so  frequently  committed,  as  to  have 
become  notorious  to  a  proverb.  On  such 
exunerant  sources  of  wealth,  multitudes  are 
rapidly    enriched;     and   while    nations    are 


ground  down  under  a  load  of  taxation^  and 
the  industrious  labourer  and  mechanic  groan- 
ing under  the  pressure  of  poverty,  a  compara- 
tively few  are  rolling  in  the  chariots  of  splen- 
dour, fattening  on  the  sweat  and  blood  of  mil- 
lions, and  feasting  on  the  sufferings  of  mankind. 

It  is  amazing  with  what  ease  and  apathy, 
men  calling  themselves  Christians,  will  talk 
of  the  prospect  of  war,  in  the  view  of  enrich- 
ing themselves  with  such  public  plunder. 
Scarcely  any  thing  is  more  common,  and  yet 
nothing  is  more  diabolical.  To  wish  for  war, 
that  trade  may  revive  and  flourish,  is  to  wash 
the  destruction  of  ten  thousands  of  our  fellow- 
creatures,  that  we  may  add  a  few  pounds  to 
our  hoarded  treasures,  or  have  the  prospect  of 
embarking  in  a  profitable  speculation.  Yet 
such  wishes  have  been  indulged  a  thousand 
times,  by  many  w^ho  profess  to  be  the  follow- 
ers of  Christ. 

9.  Covetousness  prevents  the  extension  of 
the  Christian  Churchy  and  the  general  ivi- 
provement  of  Society. 

It  is  by  means  of  the  proper  application  of 
money,  that  the  gospel  is  promulgated,  sin- 
ners converted,  the  Bible  circulated,  and  the 
tidings  of  salvation  conveyed  to  heathen 
lands.  Much  still  remains  to  be  done  in 
these  respects  ;  for  more  than  600,000,000  of 
mankind  still  remain  enveloped  in  pagan 
darkness.  If  all  the  members  of  the  Christian 
Church  were  to  contribute  according  to  their 
ability,  this  object,  (the  conversion  of  the 
world),  however  arduous  and  extensive,  might 
ere  long  be  accomplished.  But  avarice  inter- 
poses, and  withholds  those  resources  which 
are  requisite  for  carrying  the  plans  of  Divine 
Mercy  into  effect.  If  wealth  were  not  hoard- 
ed by  covetous  professors  of  religion,  or  ex- 
pended on  their  lusts,  our  Missionary  and 
other  Philanthropic  Societies  would  soon  have 
at  their  disposal,  revenues  twenty  times,  at 
least,  their  present  amount.  How  many  pro- 
fessed Christians  are  there,  who  are  wallow- 
ing in  wealth,  and  yet  contributing  nothing 
but  the  smallest  fraction  of  their  substance 
(and  sometimes  nothing  at  all)  to  the  service 
of  God  and  the  extension  of  the  Gospel 
church  !  And  how  many  others  are  there, 
who,  at  their  death,  leave  twenty  or  thirty 
thousand  pounds  to  their  friends,  and  even  to 
distant  heirs,  without  bequeathing  a  single 
hundred — sometimes  not  a  single  guinea,  for 
promothig  the  conversion  of  sinners,  and  the 
extension  of  the  Redeemer's  kingdom  !  Such 
persons  evidently  belie  their  Christian  profes- 
sion, and  appear  to  have  no  Scriptural  idea 
of  their  f)bligation  to  "  honour  the  Lord  with 
their  substance,"  and  of  the  great  end  for 
which  wealth  has  been  bestowed. 

By  such  conduct,  they  virtually  prevent  the 
conversion  of  thousands,  the  reformation  of 
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the  world ;  and  the  approach  of  that  period, 
when  "the  knowledge  of  the  Lord  shall  cover 
the  earth,  and  all  flesh  see  his  salvation." 
They  declare,  in  point  of  fact,  that  the  hoard- 
ing of  thousands  of  pounds,  (of  which  they 
do  not  stand  in  need,)  is  a  matter  of  more 
importance  in  their  eyes,  than  the  universal 
propagation  of  religion,  ann  the  eternal  hap- 
piness of  thousands  of  immortal  beings. 
Whatever  profession  they  may  make,  what- 
ever show  of  piety  they  may  assume,  they 
place  a  barrier  in  the  way  of  the  progress  of 
Christianity,  and  too  plainly  indicate,  that  the 
lov'e  of  the  world  occupies  a  higher  place  in 
their  hearts,  than  the  love  of  God. 

By  such  conduct,  the  general  impy^ovement 
of  society  is  likewise  prevented. 

Before  society  arrives  to  that  state  of  per- 
fection, of  which  it  is  susceptible,  much 
exertior  and  manifold  reformations  are  re- 
quired. The  universal  instruction  of  all  ranks 
requires  to  be  established  on  a  more  extensive 
and  permanent  basis  than  it  has  ever  yet 
been.  Semiuaries  for  the  education  of  the 
young,  and  likewise  for  those  more  advanced 
in  life,  require  to  be  multiplied  at  least  ten- 
fold. Colleges  and  academies,  of  different 
descriptions,  still  remain  to  be  established  in 
such  numbers  as  to  afford  an  adequate  supply 
oHntelligent  teachers  and  ministers  of  the 
Gospel,  for  diffusing  both  general  and  scrip- 
tural knowledge  among  all  ranks  of  the  com- 
munity. 

The  physical  condition  of  mankind,  like- 
wise requires  to  be  meliorated  and  improved. 
Many  of  our  towns  and  villages  require  to  be 
new-modelled,  and  rendered  clean,  airy,  and 
salubrious ;  and  the  condition  of  the  mechanic 
and  the  labouring  poor,  rendered  more  com- 
fortable, and  more  conducive  to  moral  and 
mental  improvement.  All  which  objects 
might,  at  no  distant  period,  be  fully  accom- 
plished, were  the  superfluous  wealth  of  the 
professing  Christian  world  properly  directed, 
and  applied  to  its  legitimate  objects.  But  all 
such  designs  are  prevented  from  being  brought 
into  effect,  by  the  avarice  of  those  who  pro- 
fess to  have  renounced  the  world  an^d  its 
vanities,  and  to  be  looking  forward  to  a  hea- 
venly inheritance.  There  can  scarcely  be  a 
more  glaring  contradiction,  than  that  which 
such  conduct  and  such  professions  imply. 
But  as  this  is  a  topic  of  peculiar  interest,  I 
shall  take  occasion  to  enter  into  more  minute 
detail  on  another  branch  of  our  subject. 

10.  The  evil  of  covetousness,  will  further 
appear,  if  we  consider  ivhat  would  he  the 
eonsequences  were  this  impure  affection  visa- 
VERS  ALLY  to  prevail. 

Every    principle     and    every  affection    in 
human  beings,  ought  to  be  tried  by  the  ulti- 
mate consequences  to  which  it  naturally  and 
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necessarily  leads.  On  this  ground,  it  migru 
be  shown,  that  every  violation,  of  the  Divine 
law  leads  to  misery,  in  one  shape  or  another 
both  to  the  violater  himself,  and  to  all  with 
whom  he  is  connected.  And  farther — that, 
if  any  one  commandment  of  the  law  of  God 
were  reversed,  or  set  aside,  or  universally  vie^ 
lated,  not  only  would  the  most  appalling  con- 
sequences ensue,  but  it  would  lead  to  the 
subversion  of  all  order  among  intelligent 
agents,  and  would  ultimately  produce  the 
extermination  of  the  race  of  man. 

The  same,  of  course,  may  be  affirmed  of 
the  covetous  principle.  Were  it  to  reign 
supreme  in  the  human  heart,  and  to  be  uni- 
versally acted  upon,  it  would  soon  lead  to 
the  utter  destruction  of  society.  It  would 
lead,  in  the  first  instance,  to  universal  fraud, 
deceit  and  falsehood ;  so  that  no  domestic  nor 
pubUc  business,  nor  commercial  arrangements 
oi^  any  description,  could  be  carried  on  with 
the  least  degree  of  confidence.  It  w^ould  next 
lead  to  universal  rapacity  and  plunder,  which 
would  produce  a  scene  of  turbulence  and  hor- 
ror in  which  no  human  being  could  enjoy  for 
any  length  of  time,  either  happiness  or  repose. 
The  strong  would  seize  upon  the  possessions 
of  the  weak  and  defenceless,  without  the  least 
remorse,  and  deprive  them  of  every  thing  that 
tends  to  enjoyment.  Every  one's  covetous 
eye  would  be  directed  to  the  possessions  of 
his  neighbour ;  and,  by  a  thousand  insidious 
and  malignant  schemes,  or  by  open  violence, 
every  thing  would  be  seized  upon,  and  ap- 
propriated for  the  purpose  of  gratifying  the 
covetous  appetite.  No  one's  life  woukl  be 
secure  for  a  single  week,  and  murders  would 
be  daily  committed  for  the  purpose  of  o])tain- 
ing  the  wealth  and  possessions  of  the  opulent. 
Of  course,  peace,  and  harmony,  and  kind- 
ness, would  be  unknown  among  men ;  every 
man's  covetous  heart  be  filled  with  malignity, 
and  set  against  the  interests  of  his  neighbour. 
In  the  progress  of  such  rapacity  and  plunder- 
ing, wars  of  the  most  ferocious  nature  would 
take  place.  One  nation  would  iavade  the 
territories  of  another,  for  the  purpose  of  plun- 
der ;  and,  in  the  midst'  of  the  contests  for 
spoil,  cities  and  towns  would  be  demolished  ; 
fruitful  fields  transformed  into  a  scene  of  de- 
solation, and  myriads  of  the  human  race 
slaughtered  in  every  land.  Amidst  such 
dreadful  commotions,  the  fields  would  be  per- 
mitted to  lie  waste  and  uncultivated,  and 
human  beings  would  be  gradually  diminished 
by  slaughter,  and  universal  famine,  till,  in  the 
course  of  a  generation  or  two,  the  whole  race 
would  be  extirpated  from  the  earth. 

Such  would  evidently  be  the  progress  and 
the  dreadful  effects  of  the  covetous  principle, 
were  it  to  operate  universally  and  unre- 
strained.  Such  effects,  indeed,  it  has  already, 
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to  u  certain  degree,  produced  ;  and  the  annals 
oi  every  nativjn  under  heaven,  bear  witness  to 
the  melancholy  truth.  And,  were  it  not,  that 
it  is  counterg^cted  and  restrained  in  its  opera- 
tions by  the  overruling  Providence  of  God,  by 
th(5  force  of  natural  conscience,  and  by  the 
influence  of  Christian  principles  and  motives, 
it  would  soon  transform  this  globe  into  an 
immensj?  sepulchre,  overspread  with  desola- 
tion and  dead  men's  bones,  and  fit  only  for  a 
habitation  to  the  beasts  of  prey.  The  very 
circumstance,  that  it  has  never  yet  produced 
such  a  terrible  effect,  is  an  evident  proof  that 
a  moral  Governor  superintends  the  affairs  of 
this  world,  and  by  his  wise  and  merciful  ar- 
rangements, sets  "  restraining  bounds  ''  to  the 
passions  of  men,  that  his  benevolent  purposes 
in  relation  to  our  race,  may  be  in  due  I'me 
accomplished. 

It  is  evident,  then,  that  an  affection  which 
.produces  such  debasement  of  mind,  and  which 
naturally  leads  to  such  dismal  and  appalling 
consequences,  must  embody  within  it  the 
EssE^'CE  of  almost  every  evil,  and  of  every 
species  of  moral  turpitude  ;  and,  although  it 
may  appear  comparatively  harmless,  when 
confined  to  a  narrow  sphere,  and  covered  with 
a  cloak  of  hypocrisy,  yet  it  only  requires  to 
burst  its  continement,  to  be  blown  into  a 
flame,  and  to  have  free  scope  for  its  destructive 
energies,  in  order  to  undermine  and  overturn 
the  whole  f  ibric  of  the  moral  universe.-  This 
consideration  deserves  the  serious  attention  of 
every  one  who  feels  the  least  rising  of  such 
an  unhallowed  passion,  and  should  induce 
him  to  exercise  holy  jealousy  over  himself, 
and  to  use  every  Scriptural  means  to  repress 
and  counteract  its  first  emotions.  His  prayer 
to  God  should  be  like  that  of  the  Psalmist, 
"  Search  me,  O  God,  and  know  my  heart ; 
try  me,  and  know  my  thoughts.  Turn  away 
mine  eyes  from  beholding  vanity  ;  incline  my 
heart  unto  thy  testimonies,  and  not  to  covet- 
ousness,  and  lead  me  in  thy  way  everlasting." 

I  might  likewise  have  enumerated  among 
the  evils  produced  by  covetousness,  the  host 
of  vices,  and  the  anxious  fears,  and  tumultu- 
ous passions  connected  with  this  affection — 
its  baneful  influence  on  friends  and  relatives, 
and  on  general  society  ;  that  it  incapacitates 
Ihe  individual  in  whose  heart  it  reigns  for 
enjoying  substantial  happiness;  that  it  was 
one  of  the  impulsive  causes  of  the  death  %f 
Christ;  that,  when  fostered  through  life,  it 
becomes  inveterate  in  old  age,  and  retains  its 
strength  and  vigour,  when  almost  every  other 
vice  has  withered  and  decayed ;  and,  that  it 
has,  to  a  certain  extent,  prevented  the  union 
of  the  Christia.i  church,  and  the  affectionate 
intercourse  of  its  members.  But  without 
dwelling  on  these  and  ?uch  particulars,  I  shall 
only  observe, 


In  the  last  place, — that  cove  ton  3ness  in- 
dulged and  persisted  in  throujjh  life,  infallibly 
leads  to  misery  in  the  life  to  come. 

"Be  not  deceived,  says  an  ambassador  of 
heaven,  "  neither  idolaters^  nor  thieves,  nor 
covetous,  nor  revilers,  nor  extortioners,  shall 
inherit  the  kingdom  of  God."  What  a  terri- 
ble and  appalling  denunciation,  v^^hen  con- 
templated in  all  its  extent,  and  its  externa! 
consequences  !  Such  characters  irhall  not  in- 
herit  the  kingdom  of  God.  And  we  are  ex- 
pressly told,  that  they  who  are  banished  from 
this  kingdom,  "  shall  be  cast  into  the  lake  of 
fire  which  burnetii  for  ever  and  ever ;'  and 
that  "■  they  shall  be  punished  with  ever)  isting 
destruction  from  the  presence  of  th(>  Lord, 
and  from  the  glory  of  his  power."  A  covet- 
ous man  is,  therefore,  in  as  direct  a  course  to 
eternal  misery,  as  the  most  licentious  profli- 
gate, or  the  most  atrocious  characters.  K 
men  really  believed  in  the  realities  of  an  eter- 
nal world,  and  in  the  certainty  of  such  terrible 
denunciations  being  accomplished,  how  would 
it  make  their  whole  frame  tremble  at  the  awful 
prospect !  But  no  hearts  are  harder  than  the 
hearts  of  the  covetous.  They  are  surrounded 
as  with  a  wall  of  adamant,  and  fortified 
against  every  admonition,  so  that  neither  the 
voice  from  Mount  Zion,  nor  the  threatenings 
from  Sinai,  can  make  the  least  impression ; 
and  the  longer  they  live  in  the  world,  the 
more  impenetrable  do  they  become,  till,  in 
the  righteous  judgment  of  God,  they  are  some- 
times given  up  to  a  hardness  which  nothing 
will  penetrate  but  the  sharpness  of  "  un- 
quenchable fire."  This  is  a  consideration 
which  demands  the  serious  attention  of  the 
young,  and  of  those  in  the  prime  of  life.  It 
shows,  with  what  care  and  holy  caution,  they 
ought  to  guard  against  the  first  emotions  of 
every  vicious  passion,  and  particularly  against 
the  emotions  of  covetousness ;  for,  if  they  be 
indulged,  they  will  grow  with  their  growth, 
and  strengthen  with  their  strength,  till  they 
become  inveterate  habits,  which  no  human 
power  can  eradicate. 

I  have  already  shown,  (see  page  42,)  that 
the  covetous  must  necessarily  be  banish edf 
from  the  kingdom  of  the  just,  because  they 
are  altogether  unfit  for  relishing  its  pleasures, 
or  engaging  in  its  employments.  But  exclu- 
sion from  the  society  and  the  joy«  of  heaven, 
is  not  the  only  punishment  they  will  suifer. 
They  will  be  subjected  to  positive  misery; 
and,  among  other  sources  of  misery,  they  will 
be  tormented  with  restless  and  insatiable  de- 
sires, which  will  always  be  raging,  and  which 
will  never  be  gratified.  In  the  present  life, 
while  covetous  desires  were  raging,  they  were 
partially  gratified.  But,  in  the  future  world, 
gold,  and  silver,  and  splendid  possessions, 
such  as  are  now  the  object  of  desire,  w^ill  be 
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for  ever  beyond  their  reach ;  and,  consequently, 
they  must  suffer  all  that  is  included  in  bound- 
less desires  and  craving  appetites,  which  are 
never  to  be  gratified.  Besides,  all  that  is  in- 
cluded in  those  striking  representations  of 
Scripture — "the  worm  that  never  dies;  the 
fire  that  is  never  quenched;  weeping  and 
wailing,  and  gnashing  of  teeth ;  and  the  black- 
ness of  darkness  for  ever,"  will  be  the  portion 
of  the  ambitious  and  avaricious  sinners,  who 
are  banished  from  the  glories  of  the  New 
Jerusalem.  What  will  it  then  avail  the  covet- 
ous sinner,  that  he  had  heaped  up  gold  as  the 
dust,  and  silver  as  the  stones  of  the  field  1  or 
the  ambitious  sinner,  that  he  rolled  on  the 
wheels  of  splendour,  and  fared  sumptuously 
every  day  1  Will  riches  profit  in  the  day  of 
wrath  ;  Will  the  recollection  of  bags  of  gold, 
and  chests  of  dollars  treasured  up  in  this  fleet- 
ing world  for  profligate  heirs,  alleviate  the 
anguish  of  the  miser's  soul  in  the  place  of 
punishment  ■?  Will  the  gay  and  licentious 
worldling  find  his  torments  assuaged  by  re- 
volving the  idea,  that  he  was  transported  to 
hell  in  a  splendid  chariot  1  and  that  he  left 
his  degenerate  offspring  to  be  conveyed  with 
the  same  pomp  and  equipage  to  the  place  of 
misery  ?  Alas !  such  recollections,  instead 
of  alleviating,  ^ill  only  enhance   the  unut- 


terable anguish  of  the  inhabitants  of  Tophct 
and  add  new  fuel  to  the  fire  which  is  neve? 
to  be  quenched.  Oh,  that  the  sons  of  avarice 
and  ambition,  "  were  wise,  that  they  under- 
stood these  things,"  and  that  they  would  con- 
sider the  eternal  consequences  of  their  present 
affections  and  conduct?  Nothing  can  be 
more  foolish  than  to  prefer  shadows  to  reali- 
ties, trifles  to  the  most  momentous  ccnceriiS, 
fleeting  baubles  to  an  enduring  substance, 
riches  that  perish  in  the  using  to  "  a  treasure 
in  the  heavens  that  fadeth  not,"  the  fashion 
of  the  world  that  passeth  away,  to  an  incor- 
ruptible inheritance,  and  an  exceeding  great 
and  eternal  weight  of  glory."  What  is  the 
hope  of  the  hypocrite  when  God  taketh  away 
his  soul  1  Yea,  "what  will  it  profit  a  man, 
though  he  should  gain  the  whole  world,  and 
lose  his  own  soul  1  or  what  shall  a  man  give 
in  exchange  for  his  souH"  It  is  therefore 
the  dictate  of  true  wisdom,  and  accordant 
with  every  rational  principle,  to  mortify  every 
unholy  affection,  to  despise  the  vain  blandish- 
ments of  the  world,  that  lieth  in  wickedness, 
to  exercise  contentment  under  the  allotments 
of  Providence,  and  to  aspire  after  the  enjoy- 
ment of  that  inheritance.  "  which  is  incor- 
ruptible, and  that  fadeth  not  away." 


CHAPTER  V. 

On  the  Principles  by  which  Chi'istians  s^hould  be  directed  in  the  Application  of  their 

Wealth, 


There  are,  perhaps,  few  things  connected 
with  the  social  state,  of  more  importance  than 
the  proper  distribution  and  application  of 
wealth ;  yet  there  is  no  subject  about  which 
so  many  foolish  and  erroneous  conceptions 
are  entertained.  Every  man  seems,  in  this 
respect,  to  consider  himself  as  a  kind  of  inde- 
pendent being,  and  to  imagine  that  he  has 
full  power,  both  physical  and  moral,  "  to  do 
with  his  own  as  he  pleases."  That  he  is  in- 
vested with  a  sovereign  right,  either  to  give 
or  withhold  his  money,  as  he  thinks  fit,  and 
that  no  one  has  authority  to  say  to  him, 
"  what  dost  thou  '?"  Even  Christians  have 
not  yet  learned  the  legitimate  use  and  appli- 
cation of  riches,  notwithstanding  the  pointed 
injunctions  and  the  specific  principles  on  this 
subject  laid  down  in  the  word  of  God ;  and 
hence  it  has  too  frequently  been  considered 
as  no  way  inconsistent  with  the  profession  of 
Christianity,  for  Christians  to  act,  in  this  re- 
epect,  in  accordance  with  the  maxims  of  gene- 
ral society,  and  the  common  practices  of  the 
men  of  the  world. 

It  is  now  more  than  time  that  other  and 
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nobler  views  were  entertained  and  acted  upon 
by  those  who  profess  to  be  followers  of  the 
lowly  Jesus— views  accordant  with  the  in- 
structions of  their  Divine  Master,  and  the  ad- 
monitions of  his  holy  prophets  and  apostles. 
In  order  to  a  slight  elucidation  of  this  subject, 
I  shall  in  the  first  place  offer  a  few  general 
remarks,  connected  with  this  topic, — and,  in 
the  next  place,  inquire  what  proportion  of 
their  worldly  substance,  Christians  ought  to 
consecrate  to  the  good  of  society,  and  the 
promotion  of  religion. 

I.  In  reference  to  the  first  department  of 
this  subject,  the  following  general  principles, 
among  many  others,  require  to  be  recognized  : 

1.  God  is  the  original  source  of  all  the 
riches  we  enjoy. 

"  The  earth  belongs  to  Jehovah,  and  the 
fulness  thereof,  the  world  and  they  that  dwell 
therein.  Every  beast  of  the  forest  is  his,  and 
the  cattle  upon  a  thousand  hills."  "  The  sil- 
ver is  mine,  and  the  gold  is  mine,  saith  the 
Lord  of  Hosts."  All  the  treasures  of  the 
universe  were  brought  into  existence  by  His 
crew.ting  power,  and   distributed,  in   certain 
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praportions,  to  all  the  ranks  of  sensitive  and 
intellectual  existence  which  people  the  ampli- 
tudes of  crea-tion.  To  man  he  assigned  the 
productions  of  the  field,  the  wealth  of  the 
mineral  kingdom,  and  the  treasures  of  the 
deep  ;  and  it  is  owing  to  his  benevolent  care 
and  overruling  Providence,  that  any  one  is 
permitted  to  procure  such  riches,  and  to  enjoy 
those  comforts  of  which  they  are  the  sources. 
Hence,  it  is  declared  by  an  inspired  writer, 
"Thine,  0  Lord,  is  the  greatness,  and  the 
power,  and  the  glory ;  for^all  that  is  in  the 
heavens  and  in  the  earth,  is  thine.  Thine  is 
the  kingdom,  0  Lord,  and  thou  art  exalted 
above  all.  Both  riches' and  honour  come  of 
thee,  and  thou  reignest  over  all,  and  in  thine 
hand  is  power  and  might ;  and  in  thine  hand 
it  is  to  make  great,  and  to  give  strength  unto 
all."  These  are  truths  connected  with  the 
very  idea  of  the  existence  of  an  Eternal  and 
Independent  Being,  from  whom  creation  de- 
rived its  origin  •,  and  yet  they  are  overlooked 
by  the  greater  part  of  mankind,  as  if  they 
were  a  species  of  independent  beings,  and  as 
if  their  own  powers  alone  had  procured  them 
the  treasures  they  possess.  The  full  recogni- 
tion of  this  fundamental  truth,  that  "  God  is 
the  original  source  of  all  riches,"  would  intro- 
duce a  most  important  change  in  the  views  of 
men  with  regard  to  wealth,  and  to  the  purposes 
to  which  it  ought  to  be  applied ;  and  vv^ould 
produce  a  benign  influence  on  all  the  move- 
ments of  the  Christian  and  the  moral  world. 

2.  Riches  are  given  as  a  trust  to  he  cm- 
ployed  in  the  service  of  God,  and  for  the 
good  of  men. 

It  is  evident,  from  the  very  nature  of  the 
Divine  Being,  that  wealth,  when  bestowed, 
was  intended  to  be  used  in  accordance  with 
his  will,  and  in  subserviency  to  the  accom- 
plishment of  his  designs,  in  the  moral  govern- 
ment of  the  world.  In  conducting  the  affairs 
of  the  moral  system,  human  beings  are  the 
agents  he  most  frequently  employs ;  and  the 
wealth  he  has  put  into  their  hands  has  a 
powerful  influence  in  accomplishing  purposes 
either  good  or  bad,  according  to  the  disposi- 
tion of  the  agents.  If  he  has  intended,  as 
ills  word  declares,  that  the  revelations  of  his 
will  should  be  made  known  throughout  the 
world,  and  that  "  the  gospel  should  be  preached 
to  every  creature,"  money  is  one  of  the  grand 
means  by  which  this  important  object  is  to  be 
accomplished ;  and,  in  the  present  state  and 
constitution  of  the  world,  or  according  to  the 
fixed  principles  of  the  Divine  Government,  it 
is  impossible  that,  without  this  mean,  such  a 
design  can  be  brought  into  effect.*     If  he  has 

*  From  what  we  know  of  the  plan  of  the  Divine 
Government,  we  have  no  reason  to  believe  that 
aTiy  viiracitlous  interposition  will  take  place  to 
effectuate  the  objects  to  which  I  allude.  See  Chap- 
ter VI. 


distributed  wealth  in  different  proportions,  to 
different  individuals,  and,  if  it  is  his  intention 
to  communicate  happiness  to  his  creatures, 
and  that  a  certain  proportioh  of  his  bounty 
should  be  enjoyed  by  all,  then  it  must  evi- 
dently be  his  will,  that  those  who  abound  in 
riches,  should  "be  ready  to  communicate," 
and  to  impart  a  certain  portion  of  them  to 
those  who  are  in  need.  Hence  it  is  com- 
manded, "  if  thy  brother  be  waxen  poor,  and 
fallen  into  decay,  then  thou  shalt  relieve  him. 
Thou  shalt  open  thy  hand  wide,  and  shalt 
surely  lend  him  sufficient  for  his  need  in  that 
which  he  wanteth."  "He  that  hath  pity 
upon  the  poor,  lendeth  unto  the  Lord ;  and 
that  which  he  hath  given,  will  he  repay  :im 
again."  "  Blessed  is  he  that  considereth  the 
poor,  the  Lord  will  deliver  him  in  the  time  of 
trouble."  "  Charge  them  that  are  rich  in  this 
w^orld,  that  they  do  good,  that  they  be  rich  in 
good  works,  ready  to  distribute,  and  willing  to 
communicate."  Such  injunctions  are  laid 
upon  the  wealthy,  not  as  a  tax  or  a  burden, 
but  for  the  purpose  of  calling  foith  into  exer- 
cise the  principle  of  benevolence ;  of  promoting 
a  reciprocal  interchange  of  kindly  affections 
and  good  offices  between  man  and  man  ;  and 
for  demonstrating  the  truth  and  efficacy  of 
our  Saviour's  Divine  maxim,  "it  is  more 
blessed  to  give,  than  to  receive." 

Now,  if  riches,  instead  of  being  applied,  in 
part,  to  such  purposes  as  now  stated,  are  de- 
voted solely  to  base  and  selfish  ends,  to  sen 
sual  gratification,  to  foster  a  passion  for 
worldly  splendour  and  aggrandizement,  or  to 
subserve  the  purposes  of  bribery,  political 
rancour,  or  party  spirit — they  are  consecrated 
to  objects  directly  opposite  to  those  which 
God  has  commanded,  and  determined  to  ac- 
complish ;  and,  consequently,  have  a  tendency 
to  frustrate,  if  it  were  possible,  the  plan  of 
Divine  Benevolence,  and  the  regeneration  of 
the  world. 

Since  riches,  then,  are  committed  to  us,  as 
a  trust  from  God,  to  be  employed  in  his  ser- 
vice and  according  to  his  will,  every  one  who 
dares  to  devote  them  solely  to  such  sinister 
purposes,  must  be  considered  as  trampling  on 
the  authority  of  his  Maker,  and  setting  at  de- 
fiance the  laws  of  Him,  whose  sovereign  will 
all  the  elements  of  nature,  and  all  the  hosts 
of  heaven  obey  ;  and,  consequently,  subjects 
himself  to  the  infliction  of  the  threatcnings 
denounced  against  such  in  the  Divine  word. 

Our  Saviour  illustrates  these  positions  in 
the  parable  of  the  nobleman,  who  delivered  to 
his  servants  ten  pounds,  with  the  charge, 
"  occupy  till  I  come,"  and  in  the  parable  of 
the  "  talents,"  which  were  given  to  "  every 
one  according  to  his  ability."  These  pounds 
and  talents  evidently  denote  the  powers, 
genius,  wealth,  oi  authority,  with  which  men 
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are   intrusted   by    their    Creator,  and   which    prising  within  its  range  a  height  and  a  depth 
ought  to  be  consecrated  to  the  promotion  of    a  length  and  a  breath,  ''  which  surpasses  the 
ais  glory  and  the  benefit  of  mankind.     That    grasp  of  human  comprehension,  and  as  being 
we  are  accountable  for  the  use  we  make  of    the   most   glorious    display  of  Divine   mercy 
such   gifts,  appears    from   the   high    rewards    and  benevolence,  ever   made   to  our  world.'' 
coiiferred  on  the  faithful  servants,  and  from    Enraptured  with  this  sublime  idea,  the  apostle 
the   condign   punishment   inflicted    on   those    John    exclaims,  "  Behold  !   what  manner  of 
who  abused  or  misapplied  the  talents  commit-    love  the  Father  hath  bestowed  upon   us,  that 
ted  to  their  trust;  "  Cast  ye  the  unprofitable    we  should  be  called  the  sons  of  God  !    In  this 
servants  into  outer  darkness,   there  shall  be    was  manifested  the  love  of  God  tow^ards    us, 
weeping  and  gnashing  of  teeth.    These  mine    because  he  sent  his  only  begotten  Son   into 
enemies,  who  would  not  that  I  should  reign    the  world  that  we  might  live  through  him. 
over  them^  bring  hither  and  slay  them  before    Herein  is  love,  not  that  we   loved  God,  but 
me."     These    are  words   of  the   most  awful    that  He  loved  us,  and  sent  his  Son  to  be  the 
import ;  and  the  sufferings  inflicted  on  them    propitiation  for  our  sins."    This  love  demands 
will  be  felt  in  all  their  appalling  and  eternal    the  noblest  sacrifices  we  can  make  for    the 
consequences,  by  those  to  whom  they  refer  ;    honour  of  God,  and  for  testifying  our  gratitude 
and  therefore,  they  deserve  the  most  serious    for  the  unspeakable  favours  conferred  upon  us 
consideration  of  all  those,  who,  in  the  spirit    through  the  death  of  his  Son.     Hence,  the 
of  pride    and   independence,    imagine,    that    apostle   Paul,  in  his  own  name  and  in  the 
*'  they  can  do  with  their  own  as  they  please."    name  of  all  true  Christians,  declares,    "  The 
And,  if  riches  be  a  trust  committed  to  us  by    love  of  Christ   constraineth  us,    because  we 
God,  to  be  employed  in  his  service,  we  are    thus  judge,    that  if  one   died   for   all,    then 
as  much  bound  to  apply  them  to  their  legiti-    were  all  dead,  and  that  he  died  for  all,  that 
mate  use,    as  a  servant  to  whom  money  is    they  who  live,  should  not  henceforth //i'ew??io 
intrusted  by  his  master,  is  bound  to  apply  it    themselves,  but  unto  him  who  died  for  them 
to  the  purpose  for  which  it  was  intended,  and    and  rose  as^cdnr    In  this  passage,  the  phrase 
for  which  he  must  render  an  account.     And,    "constraineth   us"    impoits,    being    carried 
at  that  important  day  when  the  Son  of  man    along,  or  borne  away  as  with  a  strong  and 
shall  appear  in  his  glory,  to  call  his  professed    resistless  impulse,  like  that  of  a  torrent  which 
servants  to  give  an  account  of  their  steward-    sweeps  away  every  thing  before  it.     The  first 
ship — the  manner  in  which  the  wealth  com-    Christians  were  so  carried  aloft  as  it  were  on 
mitted  to  our  care  was  expended,  will  then    the  wings  of  love  and   holy  desire,  that  al] 
undergo  a  solemn  and  impartial  scrutiny  in    selfish  aims  and  worldly  considerations  were 
the   presence  of  an   assembled  world.     And    completely  overpowered  and  subdued.     They 
happy  only  will  they  be,  who  shall  be  enabled    considered    their  wealth    and    influence    as 
to  "  give  in  their  account  with  joy,  and  not    wholly  consecrated  to  the  service  of  their  Re- 
with  grief,"  and  receive  the  approbation  of    deemer ;  they  forsook  all  their  earthly  posses- 
the  Great   Master,  "  well    done,    good    and    sions  from  love  to  his  name,  and  that  they 
faithful  servants,  enter  ye  into  the  joy  of  your    might  promote  the  interests  of  his  kingdom. 
Lord."         the  description  which  our  Saviour    They  took  joyfully  the  spoiling  of  their  goods, 
gives  of  the  solemnities  of  the  final  judgment,    knowing,  that  in  heaven  they  had  a  better 
the  eternal  destiny  of  the  human  race  is  re-    and  more  enduring  substance ;  they  accounted 
presented  as  depending  upon  the  manner  in    "  all  things  as  loss  in  comparison  of  the  ex- 
which  they  employed  the  wealth  and  influ-    cellency  of  Christ  Jesus,"  and  reckoned  the 
ence,    v/ith    which    they    were     intrusted:    sufferings  of  the  present  life  as  unworthy  to 
"  depart  fi'om  me,  ye  cursed  ;  for  I  was  an    be  compared  with  the  glory  which  is  to  be  re- 
hungered,  and  ye  gave  me  no  meat;  I  was    vealed.  Every  Christian  ought  to  be  animated 
thirsty,  and  ye  gave  me  no  drink  ;  I  was  a    with  such  noble  principles  and  such  elevated 
stranger,  and  ye  took  me  not  in ;  naked,  and    views  and  affections,  if  he   claims  a  right  to 
ye  clothed  me  not;  sick  and  in  prison,  and    be  distinguished  by  that  sacred  name.     And, 
ye  visited  me  not :  verily,  I  say  unto  you,  in    if  he  is  inspired  with  such  hallowed  emotions, 
as  much  as  ye  did  it  not  to  the  least  of  these,    he  will  not  "  henceforth   Hve  unto  himself," 
my  brethren,  ye  did  it  not  to  me.     And  these    for  the  mere  gratification  of  his  own  appetites 
shall  go  away  into  everlasting  punishment^    and  passions,  or  for  his  own  ease,  aggrandize- 
but  the  righteous  into  life  eternal."  ment,  or  secular  interests,  as  if  these  were 
3.  Christians  are  bound  to  dedicate  their    the  chief  ohjects  of  their  pursuit.     But  "he 
substance  to  the  Lord,  /rom  a  consideratum,    will  live  unto  Him  who  died  for  him  and  rose 
of  the  love  of  Christ  in  laying  down  his  life    again."     He  will   consecrate  his  moral  and 
for  their  redemption.                                          mental  powers,  his  wealth  and  influence,  and 
The  apostles,  in  all  their  writings,  delight    all  the  talents  he  possesses,  to  the  furtherance 
to  expatiate  on  the  love  of  Christ,  as  com-    of  the  kingdom  of'Messiah,  and  the  ext«xisioB 
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cf  his  glory  through  the  world  ;  and,  whatever 
has  a  bearing,  however  remote,  on  this  grand 
object,  will  meet  with  his  cordial  approbation 
and  pecuniary  snpport.  In  promoting  such 
objects,  he  will  not  be  guided  by  the  narrow 
and  selfish  principles  of  commercial  policy, 
but  by  the  ardour  of  his  love  to  the  unseen 
Redeemer,  and  by  the  consideration,  that  all 
he  possesses  was  derived  from  the  Divine 
bounty;  and  will  say  with  David,  when  he 
distributed  his  treasures  for  rearing  the  temple 
of  the  Lord  ;  "  Ail  things  come  of  Thee,  and 
of  thine  own  have  we  given  thee." 

II.  Let  us  now  inquire  more  particularly 
what  proportions  of  our  worldly  substance 
should  be  directly  consecrated  to  the  service 
of  God. 

This  is  a  point,  which,  in  many  cases,  is 
difficult  to  determine  ;  and  in  some  instances, 
it  must  be  left  to-  the  consciences  of  professed 
Christians  to  decide,  as  in  the  sight  of  God, 
and  as  amenable  to  him— what  portion  of 
their  riches  should  be  directly  appropriated  to 
his  service.  But  there  are  certain  general 
principles  which  may  be  laid  down,  by  which, 
every  one  who  has  expansive  views  of  the  im- 
portance of  salvation,  and  the  nobleness  and 
generosity  of  the  Christian  character,  may  be 
directed  in  this  matter ;  and  by  which  it  may 
be  made  to  appear,  that  ten  times  more  than 
has  generally  been  allotted  (^ught  to  be  ex- 
clusively consecrated  to  the  honour  of  God, 
and  the  regeneration  of  man.  In  addition  to 
the  three  propositions  noticed  above,  the  fol- 
lowing general  maxims  maybe  stated; — 1. 
Wealth  is  of  no  use  only  according  to  the 
manner  in  which  it  is  employed.  2.  It  is  by 
means  of  riches  that  the  poor  are  provided 
for,  that  the  salvation  of  the  gospel  is  brought 
into  effect,  and  that  the  moral  world  will  ulti- 
mately be  enlightened  and  regenerated.  3. 
That  we  ought  to  give  a  portion  of  our  sub- 
stance, in  some  measure  corresponding  to  the 
importance  and  the  magnitude  of  the  object 
to  which  it  is  devoted.  4.  That  a  compara- 
tively small  portion  of  wealth  is  adaquate  to 
procure  every  thing  that  is  requisite  to  the 
true  happiness  of  man.  5.  That  all  useless 
luxuries,  and  splendid  equipage,  intended 
only  for  mere  pomp  and  show,  should  be  dis- 
carded by  every  Christian.  6.  That  all,  or, 
at  least,  the  greater  part  of  the  wealth  which 
remains,  after  providing  in  a  decent  and 
Christian  like  manner  for  the  comfort  of  our 
faniilies,  should  be  devoted  to  the  interests  of 
the  Redeemer's  kingdom,  and  the  general  im- 
I^iovement  of  the  social  state,  in  subordination 
to  this  grand  object.  7.  That  our  chief  object 
>i  acquiring  riches  should  be,  that  w^e  may 
have  it  in  our  power  to  consecrate  a  large 
portion  of  it  to  the  furtherance  of  the  grand 
objects  to  which  I  allude.  Taking  the  above 
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and  similar  principles  for  granted,  we  may 
now  descend  to  the  consideration  of  a  few 
particulars. 

1.  The  proportion  of  wealth  commanded  to 
be  dedicated  to  the  service  of  God,  under  the 
Jewish  economy,  may  be  considered  as  in- 
volving a  certain  principle,  by  which  we  may 
be  directed  in  similar  allotments  under  the 
Christian  dispensation. 

It  is  v/ell  known,  that  the  tenth  part  of  the 
produce  of  the  Land  of  Canaan  was  required 
from  the  people  for  the  maintenance  of  the 
priests  and  Levites.  "  Behold,"  saith  Gdd, 
"  I  have  given  the  children  of  Levi  all  the 
tenth  of  Israel  for  their  inheritance,  for  their 
service  which  they  serve."*  This  tithe  the 
people  paid  both  from  the  animal  and, vege- 
table produce  of  their  estates,  from  the  seed 
of  the  lands  and  the  fruit  of  their  trees,  from 
their  goats,  sheep,  and  cattle.f  Out  of  this 
tithe  the  Levites  paid  a  tenth  part  to  the 
priests,  for  their  services  connected  with  the 
tabernacle  or  temple.:}^  Besides  this  tithe 
which  the  people  were  ordered  to  pay  to  the 
Levites,  they  were  also  to  pay  a  tenth  part 
of  the  remaining  nine  parts  of  that  tithe  to 
make  a  feast  in  the  court  of  the  sanctuary,  or 
in  some  apartment  belonging  to  it.  And  this 
feast,  which  was  kept  as  an  expression  of 
their  gratitude  to  God  for  the  bounties  of  his 
providence,  they  were  to  entertain,  along 
with  their  own  families,  some  of  the  Levites.§ 
The  priests  were  the  ministers  of  Jehovah, 
who  superintended  the  offerings  at  his  altar, 
and  conducted  the  worship  of  the  sanctuary. 
The  Levites  were  dispersed  among  the  other 
tribes  throughout  every  part  of  Canaan,  and 
had  forty-eight  cities  allotted  them,  of  which 
thirteen  belonged  to  the  priests.  Their  prin- 
cipal office  was,  to  instruct  the  people  in  the 
law  of  God,  and  to  preserve  and  teach  know- 
ledge throughout  the  whole  land.  So  that 
the  tithe  of  the  produce  of  the  land  was  ap- 
pjointed  not  only  for  the  support  of  the  priests^ 
but  for  the  instructors  of  youth,  and  of  all 
classes  of  the  people  throughout  the  ttihes  of 
Israel. 

Besides  this  regular  tithe,  the  Jews  were 
obliged  to  abstain  from  all  the  fruits  that  grew 
on  trees  new  planted,  for  the  first  three  years, 
which  were  accounted  as  uncircumcised,  and 
it  was  a  crime  for  the  owners  to  appropriate 
them. I!  The  fruits  of  the  fourth  year  were 
devoted  to  the  Lord  :  they  were  either  sent  to 
Jerusalem,  or,  being  valued,  they  were  re- 
deemed by  a  sum  equivalent  paid  to  the  priest, 
so  that  the  people  did  not  begin  to  enjoy  the 
produce  of  their  fruit  trees  till  the  fifth  year. 

*  Numb,  xviii.  21. 

f  Levit.  xxvii.  30.    2  Chron.  xxxi.  5,  6. 

i  Nnm.  xviii.  25,  28. 

?  Deut.  xii.  18,  17  ;  xiv.  22—27.    Lev.  xxxiU.  U 

11  Lev.  xix.  23. 
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They  were  likewise  obliged  every  year  to 
offer  to  God  "  the  first  of  all  the  fruits  of  the 
f!;arth."'^  "  When  the  head  of  a  family,"  says 
Sanrin,  "  walked  in  his  garden  and  perceived 
which  tree  first  bore  fruit,  he  distinguished  it 
by  tying  on  a  thread,  that  he  might  know  it 
when  the  fruits  were  ripe.  At  that  time,  each 
father  of  a  family  put  that  fruit  into  a  basket. 
At  length,  all  the  heads  of  families  who  had 
gathered  such  fruit  in  one  town,  were  assem- 
bled, and  deputies  were  chosen  by  them  to 
carry  them  to  Jerusalem.  These  ofTerings 
were  put  upon  an  ox,  crowned  with  flowers, 
and  the  commissioners  of  the  convoy  went  in 
pomp  to  Jerusalem  singing  these  words  of  the 
123d  Psalm,  'I was  glad  when  they  said  unto 
me,  le^  us  go  up  to  the  house  of  the  Lord.' 
When  arrived  at  the  city  they  sang  these 
words,  *  Our  feet  shall  stand  within  thy  gates, 
0  Jerusalem.'  At  length,  they  went  into 
the  temple,  each  carrying  his  offering  on  his 
shoulders,  the  king  himself  not  excepted, 
again  singing,  *  Lift  up  your  heads,  O  ye 
gates,  and  be  ye  lifted  up,  ye  everlasting 
doors.  Lift  up  your  heads,  O  ye  gates,  and 
be  ye  lifted  up,  ye  everlasting  doors.'  "  The 
Jews  were  also  obliged  to  leave  the  corn  "  on 
the  corners  of  the  fields,"  for  the  use  of  the 
poor,-}-  and  in  order  to  avoid  the  frauds  which 
might  be  practised  in  this  case,  it  was  deter- 
mined to  leave  the  sixtieth  part  of  the  land  as 
a  just  proportion  for  the  poor.  The  ears  of 
corn  which  fell  from  the  hands  in  harvest, 
were  devoted  to  the  same  purpose  ;  and  the 
Jews  held  themselves  obliged  by  this  com- 
mand of  God,  not  only  to  leave  the  poor  such 
ears  of  corn  as  fell  by  chance,  but  to  let  fall 
some  freely,  and  of  purpose  for  them  to  glean. 
The  produce  of  the  earth,  every  seventh  year, 
belonged  to  the  poor,  at  least  the  owner  had 
no  more  right  than  those  who  had  no  proper- 
ty.4:  This  command  is  express,  and  the  Jews 
have  an  idea  of  this  precept,  that  tliey  pretend 
the  captivity  in  Babylon  was  a  punishment 
for  the  violation  of  it.  All  debts  contracted 
among  the  Jews  were  released  at  the  end  of 
every  seven  years ;  so  that  a  debtor  that  could 
not  discharge  his  debts  within  seven  years, 
was,  at  the  end  of  that  time,  released  from 
all  obligation  to  discharge  it.§  To  all  these 
offerings  and  expenses  are  to  be  added  extra- 
ordinary expenses  for  sacrifices,  oblations, 
journeys  to  Jerusalem  at  the  solemn  feasts, 
the  half-shekels  to  the  sanctuary,  and  various 
other  items  (connected  with  the  political  state 
and  ceremonial  worship  of  the  Jews,  so  that 
more  than  one-fourth,  and  perhaps  nearly 
one-half  of  their  incomes  was,  in  such  ways, 
devoted  to  public  and  religious  purposes. 
Now,  if  the  tenth  part,  at  least,  of  the  in- 


*  iDeut.  xxvi.  2—18. 
t  'hev.  XXV. 
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come  of  every  Israelite  was  to  be  devoted  U- 
such  purposes,  it  would  seem  to  follow,  tlmt 
nothing  less  than  this  proportion  should  hs 
allotted  by  every  Christian  under  the  gospel 
dispensation,  for  similar  or  analogous  pur 
poses.  But  it  does  not  limit  us  to  this  pro- 
portion ;  as  there  are  obvious  reasons  why  it 
should  be  much  greater  under  the  New-Tes- 
tament economy.  If  the  propagation  of  divine 
knowledge  within  the  narrow  limits  of  Judea 
required  such  a  proportion  of  the  income  of 
every  individual,  while  no  missions  were  ap- 
pointed to  surrounding  nations;  much  more, 
it  is  evident,  is  required  under  the  present 
dispensation,  when  we  are  commanded  ta 
"  Go  into  all  the  world,  and  preach  the  gospel 
to  every  creature,"  and  when  more  than  six 
hundred  millions  of  the  earth's  population  are 
still  immersed  in  Pagan  and  Mahometan  dark- 
ness, ignorant  of  *'  the  true  God  and  of  Jesus 
Christ  whom  he  hath  sent."  The  exertion 
now  required  ought  to  be  in  some  measure 
proportionate  to  the  magnitude  and  extent  of 
the  work  to  be  accomplished,  aisd  would  re- 
quire an  expansion  of  heart,  and  the  manifes- 
tation of  a  spirit  similar  to  that  which  was 
displayed  on  the  day  of  Pentecost,  when  "  all 
that  believed  v/ere  together  and  had  all  things 
common,  and  sold  their  possesions  a7id 
goods,"  and  devoted  them  to  the  cause  of 
their  Jledeemer.  If  Christians  be  really  in 
earnest,  as  they  ought  to  be,  v/hy  should  they 
hesitate  a  moment  on  this  subject  1  If  they 
see  misery  every  where  around  them,  and 
multitudes  perishing  in  their  sins,  if  they 
behold  hundreds  of  millions  of  the  heathen 
world,  overspread  with  moral  and  intellectual 
darkness,  and  perishing  for  lack  of  knowledge, 
if  even  the  rude  inhabitants  of  the  ?«[avigator's 
isles,  are  sending  their  urgent  petitions  from 
afar,  saying,  "  Send  over  missionaries  and  help 
us ;"  if  they  are  saying,  almost  in  an  agony, 
as  they  lately  did  to  Mr.  Williams,  v^hen  he 
promised  to  come  to  Britain  for  a  supply,-— 
"  We  shall  perhaps  die,  we  shall  die,  we  shall 
die,  before  you  can  return;"  if  Christians 
believe  that  "  the  redemption  of  the  soul  h 
precious,"  and  that  the  eternal  happiness  of 
immortal  minds  so  far  surpasses  in  value,  the 
floating  honours  of  the  world,  as  the  heavenss 
in  height  sui-pass  the  earth,  why  should  they 
remain  in  apathy  or  halt  between  two  opinions 
on  this  point]  Let  wealthy  Christians  come 
forward  with  a  noble  spirit,  and  either  conse- 
crate a  liberal  portion  of  their  riches,  with 
cheerfulness,  far  such  objects,  or  take '  the 
only  consistent  alternative— //«y;z^  aside  alto-' 
gether  the  Christimi  name;  for  a  covetous 
Christian  is  a  nuisance  in  the  church  of  God, 
and  a  contradiction  in  terms. 

Let  us  now  consider  the  sums  that  might 
be  raised,  supposing  only  one-tenth  of  incom« 
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to  be  get  apart  for  the  purposes  of  philanthropy 
and  religion.  Supposing:  the  population  of 
Great  Britain  to  amount  to  16,000,000,  and 
reckoning  only  2,000,000  heads  of  families, 
or  the  eighth  part  of  the  population  to  he  con- 
nected with  a  Christian  church  ;  and  suppos- 
ing farther,  that  only  one-fiftieth  part  of  these, 
or  40,000,  have  incomes  averaging  £500 ;  the 
tenth  of  these  incomes  would  produce  a  sum 
of  £3,000,000.  Supposing  the  tenth  part  of 
the  remaining  population,  196,000,  to  have 
incomes  of  £200  a  year,  the  annual  tithe 
would  be  £3,920,000.  Suppose  the  remain- 
ing 1,764,000,  to  have,  at  an  average,  £80 
per  annum,  its  tithe  would  amount  to  £14,- 
112,000,  so  that  the  whole  of  this  supposed 
annual  tithe  of  income  would  amount  to 
above  twenty  millions  of  pounds,  which  is 
more  than  forty  times  the  amount  of  the 
annual  funds  of  the  Bible,  Missionary,  and 
other  philanthropic  societies  in  Great  Britain, 
which  do  not  amount  to  half  a  million.  In 
this  calculation,  I  have  not  taken  into  account 
a  million  or  two  of  grown-up  individuals,  be- 
longing to  the  different  families  in  the  king- 
dom, w^ho  have  separate  establishments  from 
their  parents,  and  who  might  be  supposed  to 
contribute  several  millions  of  pounds.  Nor 
have  I  taken  into  the  calculation  several 
thousands  of  the  nobility  and  gentry,  who 
occupy  the  highest  places  of  society — some 
of  whom  could  afford  fron^  one  to  ten  thou- 
sand pounds  annually,  and  which  would  add 
a  considerable  number  of  millions  to  the  sum 
above  stated.  If  such  sums  could  be  raised, 
without  subtracting  any  substantial  comfort 
from  a  single  individual,  how  small  is  the 
number  of  Christians  worthy  of  the  name,  to 
be  found  in  our  country  1  since  the  fiftieth,  or 
even  the  hundredth  part  of  this  sum  can 
scarcely  be  raised  among  all  the  ranks  and 
denominations  of  Religious  society.  But 
much  more  than  even  the  above  stated  pro- 
portion ought,  in  numerous  instances,  to  be 
devoted  to  religion  and  philanthropy.  If,  for 
example,  a  person  has  an  income  of  £900  a 
year,  I  have  no  hesitation  in  saying,  that,  if 
he  wish  to  act  as  a  steward  under  God,  for 
the  distribution  of  his  bounty,  he  ought  to 
consecrate,  at  least,  £400  annually  to  the 
promotion  of  Christianity  and  general  im- 
provement. And,  will  any  one  aver,  that  the 
remaining  £500  is  not  sufUcient  to  procure 
every  comfort  that  a  rational  or  Christian 
character  ought  to  desire.  But  the  whole 
£900,  it  may  be  said,  is  requisite  for  the  indi- 
vidual to  keep  up  the  dignity  of  his  station. 
If  keeping  up  the  pomp  and  dignity  of  a 
station,  is  to  be  set  in  competition  with  the 
demands  of  religion,  then  let  the  individual 
take  the  world  on  his  back  and  march  off  as 
far  as  he  can  from  Christian  society ;  for  such 
persons  have  too  frequently  been  a  pest  to 


religious  associations.  Verily  I  say  unta  hira, 
he  shall  have  his  reward  ;  but  a  reward  aftex 
which,  I  trust  in  God,  I  shall  never  aspire. 
Let  such  remember  the  Divine  admonition, 
"  Ye  cannot  serve  God  and  mammon.'* 
There  is  an  absolute  incompatibility  between 
the  service  of  the  one  and  of  the  other ;  and 
he  who  is  not  prepared  to  give  up  worldlv 
maxims,  pomp,  and  splendour,  and  to  devoto 
his  influence  and  his  superfiuous  wealth,  to 
the  cause  of  religion,  ought  not  to  assume 
the  Christian  name. 

2.  The  voluntary  contributions  made  at 
different  times  under  the  Jewish  economy 
may  be  considered  as  a  guide  to  direct  us 
in  the  liberality  which  should  be  displayed 
among  Christians. 

When  the  tabernacle  was  about  to  be 
reared  in  the  wilderness,  there  was  a  noble 
display  of  liberality  on  the  part  of  the  people. 
"  They  came,  both  men  and  women,  as  many 
as  were  willing-hearted,  and  brought  brace- 
lets, and  ear-rings,  and  tablets,  all  jewels  of 
gold  ;  and  every  man  that  offered,  offered  an 
offering  of  gold  to  the  Lord.  And  every  man 
with  whom  was  found  blue,  and  purple,  and 
scarlet,  and  fine  linen,  and  goats'  hair,  and 
red  skins  of  rams  and  badgers'  skins,  brought 
them.  Every  one  that  did  offer  an  offering 
of  silver  and  brass,  brought  the  Lord's  offer- 
ing ;  and  all  the  womsn  that  were  wise-hearted 
did  spin  with  their  hands,  and  brought  tha 
which  they  had  spun,  of  blue,  and  of  purple, 
and  of  scarlet,  and  of  fine  linen.  The  rulers 
brought  onyx  stones,  and  stones  to  be  set  for 
the  ephod,  and  for  the  breastplate,  and  spice, 
and  oil  for  the  light,  and  for  the  anointing  oil, 
and  for  the  sweet  incense,"  &c.*  Such  was 
the  holy  ardour  of  both  sexes,  and  of  all 
ranks  of  the  people,  in  bringing  forward  these 
voluntary  offerings,  that  it  was  judged  expe- 
dient to  issue  a  proclamation  to  restrain  their 
liberality.  "The  people  bring  much  more 
than  enough  for  the  service  of  the  work 
which  the  Lord  commanded  to  make.  And 
Moses  gave  commandment,  and  it  was  caused 
to  be  proclaimed  without  the  camp,  saying,— 
Let  neither  man  nor  woman  make  any  more 
work  for  the  offering  of  the  sanctuary."-}-  On 
this  occasion,  the  amount  of  the  offerings  of 
gold  and  silver  alone,  was  twenty-nine  talents, 
and  730  shekels  of  gold,  and  100  talents,  and 
1775  shekels  of  silver,4:  which,  reckoning  ac- 
cording to  the  present  value  of  British  money, 
would  nearly  equal  the  sum  of  four  hundred 
thousand  pounds.§  To  this  sum  must  be 
added  the  value  of  the  vast  quantity  of  brass 

*  Exod.  XXXV.  22-29.  f  xxxvi.  5,  6. 

X  xxxviii.  24,  25, 

$  Bisliop  Cumberland  calculated  the  amount  in 
English  coin,  to  be  £"189,568.  But  as  this  calcula- 
tion was  made  about  a  century  ago,  this  sum 
requires  to  be  more  than  doubled  to  express  the 
present  value  of  British  money. 
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which  was  used  in  the  construction  of  the 
court  and  furniture  of  the  tabernacle — the 
rich  embroidered  curtains  which  covered  it, 
and  which  surrounded  the  court ;  the  jewels 
that  were  set  in  the  High  Priest's  ephod  and 
breastplate,  and  various  other  materials  and 
utensils  which  are  stated  in  the  description 
of  this  sacred  edifice — all  of  which  must  have 
amounted  to  an  immense  sum.  Yet  all  this 
treasure  was  brought  forward  with  the  greatest 
alacrity,  by  a  nation  that  numbered  little  more 
than  half  a  million  of  males,  from  twenty 
years  old  and  upwards,  and  whose  whole 
population  must  have  been  inferior  to  that  of 
Scotland. 

At  the  dedication  of  the  tabernacle,  some 
time  afterwards,  the  offerings  of  the  twelve 
princes,  or  heads  of  the  tribes  of  Israel,  were 
likewise  munificent,  amounting  in  silver  ves- 
sels to  2400  shekels  of  the  sanctuary,  and  in 
gold  vessels  to  120  shekels,  which,  (reckoning 
the  silver  shekel  at  five  shillings,  and  the  gold 
shekel  at  £30,*  according  to  the  present  value 
of  British  money)  would  make  £4200,  or 
£350,  for  each  of  the  princes.  Besides  these, 
there  were  likewise  offered  thirty-six  bullocks, 
and  216  sheep,  goats  and  lambs,  which  would 
amount  to  about  £800  more.  At  the  dedica- 
tion of  the  Temple,  Solomon  offered  a  sacrifice 
of  22,000  oxen,  and  120,000  sheep,f  which, 
in  value,  was  equal  to  more  than  £460,000, 
a  sum  which  is  greater  than  the  amount  of 
the  whole  funds  of  the  "British  and  Foreign 
Bible  Society,"  during  tho  first  nine  or  ten 
years  of  its  existence.  When  Hezekiah  com- 
menced a  work  of  reformation  among  the 
people  of  Judah,  similar  costly  sacrifices  were 
voluntarily  brought  forward  by  the  people. 
"The  number  of  burnt-offerings  which  the 
congregation  brought,  was  70  bullocks,  100 
cams,  200  lambs ;  and  the  consecrated  things, 
600  oxen,  and  3000  sheep;  which  would 
equal  in  value  about  £13,000.  These,  and 
other  consecrated  things,  the  people  offered 
with  the  greatest  cheerfulness  and  alacrity: 
"For  as  soon  as  the  commandment  came 
abroad,  the  children  of  Israel  brought,  in 
abundance,  the  first  fruits  of  corn,  wine,  and 
oil,  and  honey,  and  all  the  increase  of  the 
field,  and  the  tithe  of  holy  things,  which  were 
consecrated  to  the  Lord  their  God,  and  laid 
them  by  heaps,"t  so  that  Hezekiah  and  his 
prmces  when  they  saw  the  heaps  which  had 
been  collected  from  every  part  of  the  land, 

*  About  the  beginning  of  last,  century  the  Jewish 
silver  shekel  was  valued  at  2s.  6d,  and  the  gold 
shekel  at  £15,  corresponding  to  the  value  of 
money  at  that  period  ;  but  as  British  money  has 
increased  in  value  since  that  time  more  th;in  one- 
half,  the  silver  shekel  ought  not  to  be  valued  at 
less  than  5s.  nor  the  gold  one  at  less  than  £30  of 
British  money  at  its  present  standard. — See  Num. 
vii.  85-88. 

f  2  Chron.  vii.  5.  %  2  Chron.  xxix.  32;  xxxi.  5-7. 
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for  four  months,  were  filled  with  gratitude, 
^ndi  "  blessed  Jehovah,  and  his  people  Israel." 
All  these  offerings  flowed  from  the  voluntary 
contributions  of  the  people  ;  and,  although  the 
Almighty  does  not  need  "  to  eat  the  flesh  of 
bulls,  or  to  drink  the  blood  of  goats,"  yet  we 
are  commanded  to  offer  unto  God  thanks- 
giving, and  to  pay  our  vows  to  the  Mo^t 
High.  These  offerings,  in  connexion  with 
their  typical  references,  were  intended  as  a 
manifestation  of  the  gratitude  of  the  people  to 
God  for  all  his  goodness,  and  an  evidence  of 
their  desire  to  co-operate  with  him  in  pro- 
moting his  merciful  and  gracious  designs, 
and,  with  similar  views  ought  all  the  con- 
tributions and  offerings  of  Christians  to  be 
brought  forward. 

When  Josiah,  the  great-grandson  of  Heze- 
kiah, made  preparations  for  a  solemn  pass- 
over  to  the  Lord,  "he  gave  to  the  people 
for  the  passover  offerings,  30,000  lambs  and 
kids,  and  3000  bullocks."  "And  his  princes 
gave  willingly  to  the  people,  the  priests  and 
the  Levites.  Hilkiah,  Zechariah  and  Jehiel, 
rulers  of  the  house  of  God  gave  to  the  priests, 
for  the  passover  offering,  2600  small  cattle 
and  300  oxen.  Conaniah  also,  and  Shemaiah 
and  Nethaneel,  his  brethren,  and  Hashabiah, 
and  Jehiel,  and  Jozabad,  chief  of  the  Levites, 
gave  to  the  Levites  for  passover  offarings, 
5000  small  cattle,  and  500  oxen."  The  ex- 
pense of  all  these  offerings,  according  to  the 
value  of  such  property  hi  the  present  day, 
would  amount  to  about  one  hundred  thousand 
pounds,  oi  which  60,000  was  given  by  the 
king.  The  offerings  of  the  three  rulers  of 
the  temple  amounted  to  £13,400,  or  £4350 
to  each;  and  those  of  the  six  chiefs  of  the 
Levites  to  £25,000,  which  is  about  £4166  to 
each  individual,  which  must  certainly  be  con- 
sidered as  munificent  donations,  when  we 
consider,  that  they  were  contributed  only  for 
one  particular  solemnity. §  And  let  it  also 
be  remembered,  that  they  were  all  voluntary 
offerings,  independent  of  the  regular  tithe  and 
other  contributions  required  from  Jewish  wor- 
shippers. Where  have  we  such  munificent 
donations  from  those  members  of  the  Chris- 
tian Church  who  have  incomes  of  several 
thousands  a  yearl  If  two  or  three  philan- 
thropic individuals,  in  the  course  of  a  genera- 
tion, bestow  such  contributions  for  the  interests 
of  religion,  it  is  considered  as  a  kind  of  phe- 
nomenon in  the  Christian  world.  When  the 
Israelites  returned  from  Babylon  to  Jerusalem 
in  the  days  of  Ezra,  we  are  informed  by  that 
sacred  historian,  that,  when  "  he  weighed  the 
silver  and  the  gold,  and  the  vessels,  the  offer- 

$  In  the  estimate  of  the  value  of  the  offerings 
here  given,  £10  is  allowed  for  the  price  of  a  bul- 
lock, ,€4  for  each  of  the  small  cattle,  £^  for  a  sheep, 
and  £1  for  each  of  the  lambg  und  kids.  Sfle  f 
Chron.  xxx.  7— 10. 


Hosted  by  Google 


PRINCIPLES  BY  WHICH  CHRISTIANS  SHOULD  BE  DIRECTED. 


ing  of  the  house  of  the  Lord,  which  the  king 
and  his  lords  and  all  Israel  there  present  had 
offered,"  it  amounted  to  "650  talents  of  sil- 
ver, and  silver  vessels  an  hundred  talents,  aiid 
of  gold  an  hundred  talents ;  also  twenty  ba- 
sins of  gold,  of  a  thousand  drams,  and  two 
vessels  of  fine  copper,  precious  as  gold."  The 
whole  value  of  this  dedicated  treasure,  calcu- 
lated at  the  rate  formerly  stated,  would  amount 
to  £761,250.* 

But,  the  most  munificent  donation  of  this 
kind  any  where  recorded,  is  that  of  David  for 
the  purpose  of  rearing  a  temple  for  the  wor- 
ship of  Jehovah.  In  chapter  xxii.  of  the  first 
book  of  Chronicles,  verse  14,  we  are  informed, 
that  David  "  in  his  trouble  prepared  for  the 
house  of  the  Lord  an  hundred  thousand 
talents  of  gold,  and  a  thousand  thousand 
talents  of  silver :  and  of  brass  and  iron  with- 
out weight,"  and  in  chapter  xxix.  3 — 9,  it  is 
stated,  that  beside  this  sum  there  were  given 
*  three  thousand  talents  of  gold,  of  the  gold 
of  Ophir,  and  seven  thousand  talents  of  re- 
fined silver  to  overlay  the  walls  of  the  houses." 
His  princes,  captains,  and  the  chief  of  the 
fathers  likewise  "  offered  willingly"  to  the 
amount  in  gold  of  "  five  thousand  talents  and 
ten  thousand  drams,  and  of  silver  ten  thou- 
sand talents,  and  of  brass  eighteen  thousand 
talents,  and  one  hundred  thousand  talents  of 
iron."  The  whole  of  these  offerings,  besides 
the  brass  and  iron,  amounted  to  108,000 
talents  of  gold,  and  1,017.000  talents  of  silver. 
Now,  as  the  talent  of  gold  has  been  estimated 
by  some  at  £5425,  and  the  talent  of  silver  at 
£342 — the  whole  of  this  treasure  would  not 
be  much  less  than  a  thousand  wUUons  of 
pounds  sterling.  And  we  are  told,  that,  in 
so  far  from  being  given  with  a  grudge,  "  the 
people  rejoiced,  for  that  they  offered  willingly ; 
because  with  perfect  heart  they  offered  wil- 
lingly to  the  Lord ;  and  David  the  king  also 
rejoiced  with  great  joy,  and  blessed  the  Lord 
before  all  the  congregation,"  ascribing  the 
whole  of  this  treasure,  and  the  liberal  disposi- 
tions of  the  donors  to  Him  who  is  the  creator 
of  heaven  and  earth,  and  the  original  source 
of  every  blessing.  "  All  things  come  of  thee, 
and  of  thine  own  have  we  given  thee.  All 
of  this  store  we  have  prepared  to  build  thee 
an  house,  for  thy  holy  name  cometh  of  thine 
hand,  and  is  all  thine  own^ 

Several  other  examples  might  have  been 
produced  to  illustrate  the  liberality  which  was 
displa3'^ed  under  the  Old  Testament  economy, 
especially  when  the  people  were  stirred  up  to 
engage  in  a  work  of  reformation ;  but  the 
abo\e  may  suffice  to  show^  that  much  more 
liberal  offerings  were  voluntarily  brought  for- 
ward in  the  Jewish  church  than  have  gene- 
rally been  contributed  under  the  Christian 
*  E7'-a  viii.  25—27. 
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dispensation.  And  will  any  one  presume  to 
deny,  that  the  liberality  displayed  by  pious 
worshippers  among  the  Jews,  ought  to  be  imi- 
tated by  the  faithful  under  the  New  Testa- 
ment economy ''  The  examples  of  the  pious 
Israelites,  in  this  respect,  were  undoubtedly 
intended  as  a  pattern  to  the  Christian  church, 
and  the  offerings  then  made  may  be  consi- 
dered as  typical  or  emblematical  of  the  more 
splendid  offerings  which  would  be  exhibited 
by  New  Testament  saints,  when  "  GmI  shall 
appear  in  his  glory  to  men,  and  build  up  the 
walls  of  his  Jerusalem,"  and  cause  "  Zion  to 
appear  beautiful  and  glorious  in  the  eyes  of 
the  nations."  Let  it  not,  however,  be  ima- 
gined, that  we  are  merely  to  imitate  the  Old 
Testament  saints,  and  to  rise  no  higher  in  our 
contributions  than  what  was  requisite  under 
that  economy.  For  Christians  are  called  to 
a  much  more  arduous  and  extensive  work 
than  the  nation  of  Israel.  The  fieli)  of 
Divine  labour  in  which  Christians  are  called 
to  be  employed,  "is  the  World;"  and  the 
tenth  part  of  this  field  has  not  yet  been  sub- 
dued or  cultivated.  And  the  call  addressed 
to  the  church  by  Him  who  hath  all  power 
and  authority  in  heaven  and  on  earth,  is, 
"  Preach  the  gospel  to  every  creature."  In 
proportion,  then,  to  the  superior  grandeur 
and  magnificence  of  the  enterprise  should  be 
the  munificence  of  the  contributions  by  which 
it  is  to  be  accomplished.  In  this  enterprise. 
Christian  females  as  well  as  males  ought  to 
be  actively  engaged ;  and  a  noble  example  is 
set  them  by  the  female  Israelites  who  took  an 
active  part  in  preparing  materials  for  the  taber- 
nacle in  the  wilderness.  "  All  the  women 
that  were  wise-hearted,  did  spin  with  their 
hands,  and  brought  that  which  they  had  spun 
of  blue  and  of  purple  and  of  scarlet  and  of 
fine  linen.  They  came  both  men  and  women 
as  many  as  were  willing-hearted,  and  brought 
bracelets  and  ear-rings  and  tablets,  all  jewels 
of  gold,  and  offered  them  to  the  Lord."  In 
this  work  of  faith  and  labour  of  love,  every 
human  being,  male  and  female,  young  and 
old,  ought  to  take  a  part,  till  the  fabric  of  the 
Christian  church  be  completely  reared,  and 
established  in  every  region  of  the  globe. 

3.  The  proportion  of  wealth  which  Chris- 
tians should  appropriate  for  the  service  of 
God,  and  the  renovation  of  the  world,  may 
he  deduced  from  the  predictions  of  the  an- 
cient prophets. 

In  those  prophecies  which  have  a  respect 
to  the  future  glory  of  Messiah's  reign,  there 
are  frequent  references  to  the  treasures  which 
will  be  brought  forward  to  promote  the  pros- 
perity of  his  kingdom.  In  the  seventy-second 
Psalm,  which  contains  predictions  res])ecting 
the  prosperity  and  universal  extension  of  the 
kingdom  of  the  Redeemer,  we  are  told,  that 
2b2  (293) 
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"the  kings  of  Tarshish  and  of  the  Isles  shall 
bring  presents ;  the  kings  of  Sheba  and  Seba 
shall  offer  gifts,"  and  that  "  the  gold  of  Sheba" 
shall  be  brought  as  an  offering  to  his  service — 
evidently  implying  that  the  converts  from 
among  the  Gentiles  would  consecrate  a  por- 
tion of  their  v^^ealth  for  the  promotion  of  his 
kingdom,  and  that  the  treasures,  thus  devoted, 
would  be  large  and  munificent  in  proportion 
to  the  rank  and  riches  of  the  donors.  In  the 
sixtieth  chapter  of  Isaiah,  this  subject  is  in- 
troduced, and  exhibited  in  every  variety  of 
aspect.  That  portion  of  prophecy  has  for  its 
object  to  delineate  the  prosperity  of  the  gos- 
pel church  in  the  latter  days,  its  universal  ex- 
tension, the  joy  of  its  members,  and  the  rich 
and  diversified  gifts  vv^hich  would  be  volunta- 
rily brought  forth  and  devoted  to  its  interests. 
"  The  abundance  of  the  sea,"  or  the  wealth 
conveyed  in  ships,  "  shall  be  converted  unto 
thee,  the  forces,"  or,  as  it  should  be  rendered, 
"  the  wealth  of  the  Gentiles  shall  come  unto 
thee;  the  multitudes  of  camels  shall  cover 
thee,  the  dromedaries  of  Midian  and  Ephah  ; 
all  they  from  Sheba  shall  come ;  they  shall 
bring  gold  and  incense,  and  shall  show  forth 
the  praises  of  the  Lord."  Camels  and  drome- 
daries constitute  the  principal  riches  of  a  por- 
tion of  Arabia,  where  the  descendants  of 
Midian  and  Ephah  resided ;  and  the  country 
of  Sheba  was  distinguished  for  its  gold. 
Hence  we  are  told  by  the  prophet  Ezekiel, 
"  the  merchants  of  Sheba  traded  at  the  fairs 
of  Tyre  in  spices,  in  gold,  and  in  all  precious 
stones."*  "The  flocks  of  Kedar  shall  be 
gathered  together  unto  thee ;  the  rams  of  Ne- 
biaoth  shall  minister  unto  thee ;  they  shall 
come  up  with  acceptance  upon  mine  altar, 
and  I  will  glorify  the  house  of  my  glory." 
As  the  chief  wealth  of  the  Arabians  consisted 
in  their  camels  and  dromedaries,  so  the  wealth 
of  the  inhabitants  of  Kedar  consisted  chiefly 
in  their  flocks,  in  which  they  traded  with  the 
merchants  of  Tyre  as  stated  by  the  prophet, 
"  The  Arabians  and  all  the  princes  of  Kedar 
traded  with  thee  in  rams  and  lambs  and 
goats."f 

These  descriptions  plainly  intimate,  that  in 
whatever  commodities  the  riches  of  any  people 
consist,  the  converts  of  Zion  will  bring  a 
large  portion  of  these  treasures,  as  an  expres- 
sion of  their  gratitude,  to  promote  the  honour 
of  God,  and  the  extension  of  his  kingdom ; 
and  that  they  will  consider  it  as  a  matter  of 
course,  when  they  make  a  profession  of  their 
faith  in  the  Redeemer  and  enter  the  gospel 
church,  that  they  will  bring  along  with  them 
their  worldly  substance  to  be  devoted  to  his 
service.  This  is  likewise  stated  in  the  follow- 
ing passage :  "  Surely  the  isles  shall  wait  for 
rae,  and  the  ships  of  Tarshish  first,  to  bring 

*  Ezek.  xxvii.  22.  f  Ibid.  ver.  21. 
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thy  sons  from  far,  their  silver  and  their  gold 
with  them  unto  the  name  of  the  Lord  thy 
God,  and  to  the  holy  One  of  Israel,  because 
he  hath  glorified  thee."  The  grand  motive 
which  will  animate  the  hearts  of  these  con- 
verts is  here  expressed — '^Because  he  hath 
glorified  thee^  Their  hearts  will  be  so  in- 
flamed and  expanded  with  a  sense  of  the 
grace  and  condescension  of  the  Redeemer, 
with  the  importance  of  the  great  salvation, 
and  with  the  high  digriity  to  which  th«iy  are 
exalted  as  "  the  sons  of  God,"  that  they  will 
consider  the  consecration  of  their  earthly  trea- 
sures as  nothing  more  than  a  small  expression 
of  their  gratitude  "to  him  who  loved  them 
and  washed  them  from  their  sins  in  his  own 
blood,  and  v/ho  hath  made  them  kings  and 
priests  to  God  and  his  Father."  It  is  farther 
stated  as  a  display  of  the  munificence  of 
Zion's  converts  at  that  period,  and  of  the 
eternal  and  spiritual  grandeur  oi  the  church : 
— "  The  glory  of  Lebanon  shall  come  unto 
thee,  the  fir-tree,  the  pine-tree,  and  the  bos 
together,  to  beautify  the  place  of  vci-^  sanc- 
tuary, and  I  will  make  the  place  of  my  feet 
glorious."  This  description  may  denote,  that 
the  temples  reared  for  the  worship  of  Jehovah, 
and  every  thing  connected  with  his  service, 
will  be  beautified  with  every  chaste  ornament 
befitting  the  sanctity  of  his  ordinances,  and 
the  enlightened  views  and  improved  condition 
of  the  citizens  of  Zion.  And  it  may  likewise 
intimate,  that  persons  endowed  with  splendid 
accomplishments,  extensive  knowledge,  per- 
suasive eloquence,  and  with  heavenly  disposi- 
tions, will  be  raised  up  to  adorn  the  Church 
of  God,  and  to  display  the  beauties  of  holi- 
ness, as  the  timber  of  the  different  kinds  of 
trees  here  mentioned,  adorned  the  sanctuary 
and  the  most  holy  place  in  the  temple  of  Solo- 
mon. In  both  these  respects,  the  riches  of 
Zion's  citizens  will  be  required,  and  it  will  be 
abundantly  supplied. 

The  above  stated  predictions,  and  several 
others  which  might  have  been  quoted,  evi- 
dently show,  that,  in  New  Testament  times, 
when  God  is  about  "  to  appear  in  his  glory  to 
men,"  and  "  to  repair  the  desolations  of  Zion," 
immense  treasures  of  all  descriptions  will  be 
voluntarily  contributed  by  her  converts  to  jiro- 
mote  her  prosperity  and  to  accomplish  the 
purposes  of  Divine  benevolence.  All  that 
has  hitherto  been  given  for  the  support  of  the 
true  church  of  Christ,  will  bear  no  propoition 
to  tho  vast  treasures  which  will  then  be  ap- 
propriated for  promoting  her  extension  and 
glory  ;  for  they  will  then  be  mcreased  at  least 
a  hundred  fold.  Hence  it  is  declared  in  a 
subsequent  passage  of  this  prophecy:  "For 
hrass  I  will  bring  gold^  and  for  iron  I  will 
bring  silver,  and  for  wood  brass,  and  for 
stones  iron."     It  is  added,  "  I  will  also  make 
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thy  officers  peace,  and  thine  exactors  right- 
eousness." The  superintendents  or  overseers 
of  the  church  will  he  "  men  fearing  God  and 
hating  covefou-sness"  and  "  not  given  to  filthy 
lucre,"  so  that  the  wealth  consecrated  to  its 
use  will  be  properly  distributed,  and  faithfully 
applied  to  the  ends  for  which  it  is  appropriated. 
In  this  respect,  they  will  form  a  striking  con- 
trast to  many  office-bearers  that  have  appeared 
in  the  churcli  at  difierent  periods,  who  are 
characterized  by  the  prophet,  as  "  greedy  dogs 
that  can  never  have  enough,  and  shepherds 
that  cannot  understand,  who  look  to  their  own 
v/ay,  every  one  for  his  gain  from  his  quarter." 
And  whether  this  character  may  not  apply  to 
many  in  our  day,  demands  the  serious  consi- 
deration of  some  of  those  who  have  been  in- 
vested Avith  the  sacred  oflice.* 

Now,  if  it  is  clearly  predicted,  that  in  the 
latter  ages  of  the  church  a  vast  proportion  of 
wealth  will  be  devoted  to  the  interests  of  reli- 
gion, it  becomes  us  seriously  to  consider, 
whether  we  ought  not,  at  this  moment,  to 
realize  the  accomplishment  of  such  predic- 
tions, by  coming  forward,  with  enlarged  hearts 
and  munificent  offerings,  to  accomplish  the 
gracious  designs  of  the  Most  High.  What  a 
high  honour  would  it  be,  far  surpassing  every 
earthly  distinction,  to  be  considered  as  the 
special  objects  to  which  ancient  prophecy  re- 
fers, and  that  the  Omniscient  Jehovah  should 
have  us  in  his  eye  when  he  communicated 
his  will,  in  the  days  of  old,  to  the  inspired 
prophets !  What  a  dignified  privilege  is  it 
that  the  great  God  who  has  all  the  treasures 
of  the  universe  at  his  command,  should  con- 
descend to  make  us  "  workers  together  with 
him"  in  accomplishing  his  merciful  and  benefi- 
cent designs,  and  to  accept  of  the  wealth  we 
possess,  as  the  means  by  which  his  eternal 
purposes  are  to  be  brought  into  effect !  Can 
any  other  application  of  our  riches  procure  us 
higher  honour  or  felicity,  either  in  time  or 
through  eternity  ]  And  it  is  only  our  super- 
Jluoub-  wealth  which  he  demands,  while  he 
leaves  us  every  thing  requisite  to  all  the  sensi- 
tive enjoyments  which  a  rational  and  immor- 
tal soul  ought  to  desire.  If  we  had  right 
views   of  the  true   use  of  riches,  and   of  the 

*  Dr.  Vlopheiin  states,  wit]\  regard  to  the  conduct 
of  the  hisluips  nnd  prt^shyters  of  the  third  cptitiiry, 
that '•  thoMjih  several  yet  continued  to  exhibit  to 
the  world  iilustrious  exannples  of  primitive,  piety 
and  Christian  virtue,  yet  many  were  sunk  in  lux- 
ury and  vo!uptuousiu>ss,  puffed  up  with  vanity, 
arrotjance,  and  anii)inon,  possessed  witli  a  spirit 
of  contention  and  disrord,  and  addicted  to  many 
(tther  vices,  thar  cast  an  undeserved  reproach  upon 
the  holy  reiii-'ion  of  which  they  were  the  unworthy 
professors  and  minisrers."  The  same  author,  in 
his  liistory  of  the  sixteenth  century,  states,  "that 
the  greatest  part  of  the  bishops  and  canons  passed 
their  days  in  dissolute  mirth  and  luxury,  and 
squandered  away  in  the  gratification  of  their  lusts 
and  pasfiious,  that  wealth  which  had  beev»  set  apart 
fcf  charitable  and  religious  purposes," 


noble  ends  that  may,  and  ought  to  he  accom* 
plished  by  them,  we  should  esteem  it  our 
highest  privilege  and  delight  to  consecrate  all 
we  possess  to  the  glory  of  God,  and  the  pro- 
motion of  the  best  interests  of  mankind.  We 
should  {eel  a  pleasure,  not  to  be  compared 
with  selfish  gTatification,  in  beholding  the 
Divine  plans  gradually  accomplishing,  in  wit- 
nessing the  diminution  of  moral  evil  and 
wretchedness,  the  expansion  of  the  human 
mind  by  the  propagation  of  Divine  knowledge, 
and  happiness  diflusing  itself  among  al  ranks, 
and  in  every  region  of  the  globe.  Let  Chris- 
tians, then,  seriously  consider  these  things, 
and  arouse  themselves  from  that  apathy  and 
indifference  into  which  they  have  been  so 
long  sunk,  with  respect  to  the  legitimate  ap- 
plication of  their  worldly  treasures.  Let  them 
consider  whether  the  transitory  pomp  of  this 
world,  and  "  the  honour  which  cometh  from 
men,"  ought  to  be  set  in  competition  with  the 
prosperity  of  Zion,  and  "  the  honour  which 
cometh  from  God  alone."  Let  them  consider 
whether  "  the  lust  of  the  eye  and  the  pride 
of  life,"  costly  furniture  and  splendid  equi- 
pages, ought  to  be  preferred  to  "  beautifying 
Jehovah's  sanctuary,  and  making  the  place  of 
his  feet  glorious ;"  in  short,  whether  selfish 
gratifications,  and  "  things  seen  and  temporal,'* 
ought  to  be  exalted  above  an  incorruptible  in- 
heritance, and  those  things  which  are  unseen 
and  eternal." 

Let  us  consider,  for  a  moment,  the  gross 
amount  of  what  might  be,  and  what  ought  to 
be  raised,  in  Great  Britain  alone,  for  the  pur- 
poses of  religion  and  philanthropy.  I  have 
already  stated,  on  the  ground  of  a  very  low 
estimate,  (p.  75.)  tliat  more  than  twenty  mil- 
lions of  pounds  might  be  raised  by  devoting 
one-tenth  of  income  to  such  objects.  But  asi 
there  are  multitudes  of 'individuals  who  ought 
to  devote  the  one-half  of  their  incomes,  when 
large,  to  the  service  of  God — on  the  princi- 
ples now  recognized  and  adverted  to  in  the 
language  of  ancient  prophecy — we  ought  not 
to  expect  less  than  a  hundred  millions  of 
pounds  annually,  were  wealthy  Christians  to 
consider  themselves  as  stewards  for  God,  and 
to  act  in  a  manner  worthy  of  the  Christian 
name.  It  is  a  disgrace  to  that  sacred  name 
that  so  little  has  hitherto  been  raised  for  the 
great  objects  to  which  money  should  chiefly 
be  devoted.  Shall  Jlfti/  millions  of  pounds 
he  annually  wasted,  within  the  limits  of  the 
British  isles,  in  the  purchase  of  intoxicating 
liquors  1  Shall  hundreds  of  millions  be  raised 
for  carrying  forward  the  purposes  of  ambition 
and  warfare  ]  and  shall  only  a/ew  droppings 
of  overflowing  wealth,  the  mere  lees  or  scum 
of  abundant  riches,  be  devoted  to  the  noblest 
and  most  important  objects  that  can  engage 
the  attention  of  man  I     Forbid   it  heavp.n  f 

(295) 


Hosted  by  Google 


80 


ESSAY  ON  COVETOUSNESS. 


Tliat  such  has  hitherto  been  the  case,  that 
such  is  tlie  case  at  the  present  moment, 
is  perhaps  one  of  the  most  glaring  incon- 
sistencies, and  one  of  the  foulest  blots  that 
disfigures  the  Christian  character  and  the 
Christian  church. 

It  is  now  time  that  such  inconsistencies 
and  such  stains  were  wiped  away  from  the 
face  of  the  religious  world,  and  that  the  fol- 
lowers of  Jesus  begin  to  act  in  consistency 
with  their  high  character  and  their  heavenly 
calling.  If  we  refuse  to  come  forward  with 
our  treasures  at  the  call  of  God,  he  may  be 
provoked  to  reaUze,  in  our  experience,  that 
denunciation  recorded  in  the  chapter  to  which 
we  have  adverted.  "The  nation  and  king- 
dom that  will  not  serve  thee,  (namely,  the 
church,)  shall  perish,  yea,  those  nations  shall 
be  utterly  wasted."  This  denunciation  im- 
mediately follows  upon  this  declaration,  "  Thy 
gates  shall  be  open  continually,  that  men  may 
bring  unto  thee  the  wealth  of  the  Gentiles, 
and  that  their  kings  may  be  brought."  If  we 
hesitate  long  in  coming  to  a  decision  on  this 
point,  God  may  soon  confer  the  honour  of 
accompUshing  his  designs  upon  other  tribes 
and  nations  whom  we  now  despise.  Many 
of  the  Christians  in  the  Northern  States  of 
America,  are  now  beginning  to  exert  them- 
selves with  a  noble  generosity  in  the  cause  of 
Christian  improvement.  Even  the  inhabitants 
of  the  Society  Isles — so  lately  immersed  in 
all  the  ignorance,  superstition,  and  vices  pecu- 
liar to  the  savage  state,  are  contributing  of 
their  oil  and  other  productions  of  their  coun- 
try, instead  of  money,  for  carrying  forward 
missionar}^  enterprises  among  other  unenlight- 
ened tribes;  and  they  are  perhaps  at  this 
moment  contributing  more  in  this  way,  in 
proportion  to  their  numbers  and  their  wealth, 


than  the  inhabitants  of  Britain.  The  nati've.^ 
of  the  Navigator's  islands,  lately  deemed  so 
ferocious  that  mariners  were  afraid  to  land 
upon  their  coasts,  arc  now  lifting  up  their 
voices  from  afar,  and  imploring  missionaries 
to  instruct  them  in  the  knowledge  of  salva- 
tion, and  offering  whatever  they  can  afford  of 
their  substance  for  this  purpose.  And,  ere 
long,  these  and  other  inhabitants  of  the  Isles 
of  the  Pacific,  may  bring  their  valuable  trea- 
sures "  to  beautify  the  sanctuary  of  God," 
and  to  promote  the  extension  of  his  kingdom. 
For,  such  persons,  and  such  localities  come 
within  the  range  of  prophetical  description 
"  Surely  the  isles  shall  wait  for  me — the  isles 
afar  off  that  have  not  heard  my  flirae,  neither 
have  ^een  my  glory,  and  they  shall  declare 
my  gloi'y  among  the  Gentiles."  "  Sing  unto 
the  Lord  a  new  song,  and  his  praise  from  the 
ends  of  the  earth,  ye  that  go  down  to  the  sea, 
the  isles,  and  the  inhabitants  thereof;  let  the 
inhabitants  of  the  rock  sing;  let  them  give 
glory  to  the  Lord,  and  declare  his  praise  in 
the  islands."  Let  British  Christians,  then, 
rouse  themselves  from  their  lethargy,  and 
shake  themselves  loose  from  every  covetoiis 
affection ;  let  them  come  forth  with  cheerful- 
ness and  alacrity,  with  their  treasures  in  their 
hands,  to  be  consecrated  to  the  glory  of  God 
and  the  renovation  of  the  world  ;  let  them 
trample  under  foot,  with  a  noble  heroism, 
every  selfish  maxim,  and  the  fashion  of  this 
world  that  passeth  away,  and  account  it  their 
highest  felicity  and  honour  to  be  instrumental 
in  furthering  the  plans  of  Divine  mercy  and 
beneficence ;  and  great  shall  be  their  reward. 
For  they  who  are  the  instruments  of  turning 
many  to  righteousness,  "shall  shine  as  the 
brightness  of  the  firmament,  and  as  the  stars 
for  ever  and  ever." 


CHAPTER   VL 

On  the  benefits  which  would  flow  to  the  worlds  were  Covetousness  undermined,  and  an 
opposite  principle  prevailing  in  Christian  society. 


Were  the  covetous  principle  completely 
undermined,  and,  consequently,  were  wealth 
applied  to  its  legitimate  objects,  according  to 
the  intention  of  the  Creator, — every  thing  re- 
quisite to  promote  the  physical  comfort,  and 
the  moral  and  intellectual  enjoyment  of  man 
in  this  world,  and  his  preparation  for  a  future 
state  of  happiness,  might,  at  no  distant  period, 
l>e  speedily  effected.  Even  the  physical  aspect 
of  the  globe  might  be  renovated,  and  its  l)ar- 
ren  deserts  transformed  into  a  scene  of  fertility 
and  beauty,  so  that  "  the  wilderness  and  the 
solitary  place"  might  be  made  "  to  rejoice  and 
blossom  as  the  rose."  Although  the  iaordi- 
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nate  love  of  money  is  "  the  root  of  all  evi,l,^^ 
yet  the  proper  distribution  of  it,  on  the  foun 
dation  of  Christian  princi])les,  may  be  pro^ 
nounced  to  be  the  source  of  all  qood. 

We  have  already  shown,  that  the  almost 
universal  prevalence  of  covetousness,  has  been 
the  cause  of  most  of  the  wars  and  devasta- 
tions which  have  convulsed  the  world,  and 
the  source  of  most  of  the  evils  and  sufferings 
under  which  the  human  race  have  groaned  ii\ 
every  age.  And  it  might  likewise  be  demon- 
strated, that  the  proper  application  of  wealth 
would  go  far  to  undermine,  and  ultimately  tf 
destroy  all  such  evils,  and  to  diffuse  among 
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%\1  rar-kis,  a  degree  of  happiness  and  comfort 
which  has  never  yet  been  enjoyed  in  any 
period,  since  man  first  violated  the  law  of  his 
Creator.  It  is  scarcely  conceivable,  at  first 
view^,  what  innumerable  benefits,  of  every 
description,  might  le  conferred  on  our  fellow- 
men,  and  on  the  world  at  large,  by  an  appli- 
cation, on  liberal  and  Christian  principles,  of 
the  riches  which  we  at  this  moment  possess. 
And,  we  may  rest  assured,  that  while  we  re- 
fuse to  apply  our  treasures  to  the  objects  to 
which  I  allude,  we  do  every  thing  in  our 
power  to  frustrate  the  designs  of  our  Creator 
in  bestowing  upon  us  such  treasures,  and  to 
counteract  the  benevolent  operations  of  his 
moral  government. 

A  work  of  immense  magnitude,  however, 
requires  to  be  accomplished,  and  vast  exer- 
tions are  indispensably  requisite,  before  phy- 
sical and  moral  evil  can  be  undermined,  and 
the  way  prepared  for  the  universal  improve- 
ment of  mankind,  and  the  spiritual  regenera- 
tion of  the  world.  But  man  has  moral  and 
intellectual  powers  and  treasures  of  wealth, 
fully  adequate  to  the  enterprise,  arduous  and 
expensive  as  it  is  ;  and,  under  the  agency  of 
the  Divine  Spirit,  who  is  promised, to  work  in 
us  both  '='  to  will  and  to  perform  the  good 
pleasure  of  God,"  he  is  able  to  accomplish 
every  thing  to  which  we  allude,  provided  he 
is  WILLING  to  consecrate  his  energies  and  his 
treasures  to  this  work  of  faith  and  labour  of 
love. 

But,  let  us  now  attend  more  particularly  to 
some  departments  of  the  woj^k  to  be  accom- 
plished, and  to  the  means  to  bring  it  into 
effect. 

1.  Were  covetousness  undermined,  and  an 
opposite  principle  acted  u^on,  abundant  provi- 
sion would  be  made  for  the  external  comfort 
of  the  poor  and  destitute. 

The  God  of  nature  has  displayed  his  exu- 
berant goodness  towards  our  world  in  every 
age,  in  "  giving  rain  fi*om  heaven,  and  fruit- 
ful seasons,"  and  in  supplying  the  inhabitants 
of  every  clime  with  what  is  requisite  for  their 
subsistence  and  comfort;  though  the  earth 
has  yielded  the  harvests  of  six  thousand  years, 
it  has  never  yet  lost  its  fertility,  but  pours 
forth  its  fruits,  every  autumn,  in  rich  abun- 
dance ;  and  could  afford  sustenance  for  hun- 
dreds of  millions  more  than  have  ever,  at  any 
one  time,  traversed  its  surface,  since  the  days 
of  Noah.  Yet  we  find  thousands  and  ten 
thousands  pining  in  poverty  and  want ;  not 
only  in  bleak  and  barren  desarts,  but  in  the 
most  fertile  countries,  and  in  the  midst  of 
plenty  and  splendour;  and,  in  some  instances, 
absolutely  perishing  for  lack  of  the  necessaries 
of  life,  while  pride  and  opulence  are  rioting 
within  their  view  in  luxurious  abundance. 
At  this  very  moment  in  Ireland,  and  espe- 
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cially  in  the  county  of  Limerick,  the  poor  are 
literally  dying  of  want  by  hundreds.  *'  The 
present  state*  of  the  poor  in  Ireland,"  says  a 
member  of  Parliament,  "  is  terrible  not  only 
to  behold,  but  even  to  contemplate.  In  this 
neglected  country,  the  poor  are  thrown  on 
the  industrious  classes  for  relief  in  their 
wretchedness,  as  the  rich  not  only  guard  their 
mansions  by  high  walls  and  surly  porters,  but 
actually  drive  the  poor  creatures  away  with 
dogs.  In  America,  clearing  the  estates,  means 
cutting  down  the  timber,  bu  :  ere  it  means, 
cutting  down  human  life.  The  poor,  when 
driven  from  their  homes,  have  no  asylum  to 
fly  to,  but  to  leave  their  country,  or  lie  down 
and  die." 

Mr.  Ingles,  in  his  "  Journey  throughout 
Ireland,  in  1834,"  gives  the  following  descrip- 
tion of  the  wretchedness  he  witnessed,  in  the 
same  district,  to  which  we  now  allude. 

"  Some  of  the  abodes  I  visited,  were  gar- 
rets, some  were  cellars,  some  were  hovels  on 
the  ground-floor,  situated  in  narrow  yards  or 
alleys.     I  will  not  speak  of  the  filth  of  these 
places  ;  that  could  not  be  exceeded  in  places 
meant  to  be  its  receptacles.    Let  the  worst  be 
imagined,  and  it  will  not  be  beyond  the  truth. 
In  at  least  three-fourths  of  the  hovels  which  I 
entered,  there  was  no  furniture  of  any  descrip- 
tion, save  an  iron  pot,  no  table,  no  chair,  no 
bench,  no  bedstead — two,  three,  or  four  little 
bundles  of  straw,  with,  perhaps,  one  or  two 
scanty  or  ragged  mats,  were  rolled  up  in  the 
corners,  unless  when  these  beds  were  found 
occupied.     The  inmates  were,  some  of  them, 
old,    crooked,    and   diseased,  some   younger, 
but  emaciated,    and   surrounded  by  starving 
children,    some  were    sitting   on   the   damp 
ground,  some  standing,    and  some  were  un- 
able to  rise  from  their  little  straw  heaps.     In 
scarcely  one  hovel,  could  I  find  even  a  pota- 
toe.     In  one  which   I   entered,  I   noticed   a 
small  opening  leading  into  an  inner  room.     I 
lighted  a  piece  of  paper  at  the  embers  of  a 
turf  which  lay  in  the  chimney,  and   looked 
in.     It  was  a  cellar,  wholly  dark,  and  about 
twelve  feet  square  :  two  bundles  of  straw  lay 
in    two   corners ;    on   one  sat   a   bed-ridden 
woman ;  on  another  lay  two  naked  children 
— literally  naked,  with  a  torn  rag  of  soma 
kind  thrown  over  them    both.      But  I  saw 
worse  than  even  this.     In   a  cellar  which  I 
entered,    and  which  was  almost  quite  dark. 
and  slippery  with  damp,  I  found  a  man  sit- 
ting on  a  little  sawdust.     He  was  naked ;  he 
had  not  even  a  shirt ;  a  filthy  and  ragged  mat 
was  around   him.     This  man  was  a  living 
skeleton  ;  the  bones  all  but  protruded  through 
the  skin  ;  he  was  literally  starving. 

"In  place   of  visiting  forty  hovels  of  thip 
description,  I  might  have  visited  hundreds. 

*  November,  1835. 
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In  pi'dce  of  seeing,  as  I  did,  hundreds  of 
men,  women,  and  children,  in  the  last  stage 
of  destitution,  I  might  have  seen  thousands. 
I  entered  the  alleys  and  visited  the  hovels,  and 
climiied  the  stairs  at  a  venture  ;  and  I  have  no 
reason  to  believe  that  the  forty  vs^hich  I  visited, 
were  the  abodes  of  greater  v.Tetchedness  than 
the  hundreds  which  I  passed  by.  I  saw  also 
another  kind  of  destitution.  The  individuals 
I  have  yet  spoken  of  were  aged,  infirm,  or 
diseased  ;  but  there  was  another  class  fast 
approaching  infirmity  and  disease,  but  yet 
able  and  willing  to  earn  their  subsistence.  I 
found  many  hand-loom  weavers,  who  worked 
from  five  in  the  morning  till  eight  at  night, 
and  received  from  a  task-master,  from  half  a 
crown  to  four  shillings  a  week.  Many  of 
these  men  had  wives  and  families  ;  and  I  need 
scarcely  say,  that  confinement,  labour,  scanty 
subsistence,  and  despair,  were  fast  reducing 
these  men  to  the  condition  of  the  others,  upon 
whom  disease  and  utter  destitution  had  already 
laid  their  hands.  The  subsistence  of  these 
men  consisted  of  one  scanty  meal  of  dry  po- 
tatoes daily."  "  To  keep  the  bodies  and  souls 
of  these  miserable  creatures  together,  many 
a  humane  citizen  contributes  more  than  the 
noble  owner  of  all  the  property." 

Yet  all  this  happens  in  a  Christian  land  ! 
where  thousands  are  wallowing  amidst  over- 
flowing wealth  ! 

In  the  city  of  Naples,  there  are  above 
80,000  persons,  distinguished  by  the  appel- 
lation Lazzaroni,  the  greater  part  of  whom 
have  no  other  home  than  the  earth  for  a  floor, 
and  the  sky  for  a  ceiling,  who  sleep  every 
night  under  porticoes,  piazzas,  or  any  other 
kind  of  shelter  they  can  find.  Although  they 
are  the  object  of  detestation  to  travellers,  yet 
they  are  in  fact  merely  the  poorer  class  of 
labourers,  who,  attached  to  no  particular 
trade,  are  yet  willing  to  work,  and  to  take 
any  job  that  is  offered.  If  they  are  idle,  it  is 
not  their  own  fault ;  since  they  are-icontinually 
running  about  the  streets  begging  for  employ- 
ment. If  they  are  ignorant  and  debased,  and 
frequently  addicted  to  pilfering,  it  is  more 
their  misfortune  than  their  crime  ;  for  no  pro- 
vision has  been  made  for  their  instruction,  nor 
arrangements  for  supplying  them  with  the 
work  they  are  willing  to  perform ;  although 
they  are  surrounded  with  12,000  ecclesiastics 
living  in  opulence  and  splendour,  and  with 
numerous  nobilit}'-  rioting  in  extravagance 
upon  princely  fortunes.  Those  of  them  who 
have  wives  and  families  live  in  the  suburbs 
of  Naples,  near  Fensilippo,  in  huts,  or  in 
caverns  or  chamhers  dug  out  of  that  moun- 
tain. 

These  people,  however,  wretched  as  they 
are,  have  had  a  certain  degree  of  moral  in- 
fluence.    In  opposition  to  the  measures  of  the 
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court,  thej^  prevented  the  establishment  of 
the  inquisition  ,  and  such  was  their  disinte- 
rested patriotism,  that  they  generously  offered 
their  services  to  save  their  sinking  country 
from  the  French  invasion,  while  the  nobles 
had  meanly  abandoned  the  breach  and  f()r- 
saken  their  sovereign ;  and,  it  was  merely 
owing  to  the  want  of  leaders,  that  they  reluc- 
tmiiXj  submitted  to  inaction.  To  what  causes, 
then,  but  to  criminal  apathy  and  avarice,  are 
to  be  imputed  the  destitute  and  miserable 
state  of  these  Lazzaroni, — since  the  surrountl- 
ing  country  is  fertile  and  dehghtful;  since 
wealth  is  flowing  in  streams  around  them, 
and  the  glitter  of  pomp  and  equipage  is  con- 
tinually before  their  eyes.* 

Even  in  the  British  metropolis,  and  other 
cities  of  the  empire,  scenes  not  altogether  dis- 
similar to  the  above,  are  frequently  to  be 
found.  According  to  the  statements  of  Dr. 
Colquhoun,  there  are  in  London  upwards  of 
20,000  persons  who  rise  every  morning  with- 
out employment,  and  rely  for  maintenance  on 
the  accidents  of  the  day. 

Were  we  to  inspect  all  tlie  narrow  lanes, 
the  cellars,  garrets,  and  hovels,  connected 
with  Liverpool,  Manchester,  Bristol,  New- 
castle, DubHn,  Cork,  Edinburgh,  Glasgow, 
Dundee,  and  other  British  towns  and  cities, 
we  should  find  the  most  appalling  scenes  of 
destitution  and  wretchedness,  of  which  three 
fourths  of  our  population,  and  especially  the 
higher  ranks,  can  form  no  conception.  In- 
deed, wherever  we  turn  our  eyes,  whether  in 
the  country,  the  village,  or  the  crowded  city, 
we  never  fail  to  behold  multitudes  of  the 
blind,  the  lame,  the  diseased,  and  even  the 
healthy,  in  a  state  of  penury  and  destitution 
— many  of  them  only  half-covered  with  rags, 
and  exposed,  houseless  and  forlorn,  to  the 
nipping  frosts,  and  to  all  the  inclemencies  of 
the  season.  Many  of  these  wretched  creatures 
are  immoral  and  depraved ;  but  the  cause  of 
this  is  not  so  much  to  be  attributed  to  the  in- 
dividuals themselves,  as  to  the  arrangementf* 
of  general  society.  Society  has  never  yet 
provided  for  such,  the  means  of  education,  of 
moral  training,  of  employment,  or  what  is  ne- 
cessary for  their  comfortable  subsistence  ;  and 
general  society  is,  therefore,  accountable  in 
part,  both  for  the  misery  they  suffer,  and  the 
crimes  they  occasionally  commit. 

An  American  writer,  who  very  lately  visited 
Italy,  and  other  countries  in  Europe,  makes 
the  following  statements  in  reference  to  the 
city  of  Naples,  "  I  have  been  struck  repeat- 
edly with  the  little  value  attached  to  human 
life  in  Italy.  I  have  seen  several  of  these 
houseless   Lazzaroni    literally  dying   in   the 

*  Tt  ia  a  provftrhial  saying  among  the  other  Ita- 
lians, that  "Naples  is>  a  paradise  nihabited  by 
devils.'* 
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streets,  and  no  one  curious  enoug-h  to  look  at 
them.  The  most  dreadful  sufferings,  the  most 
despairing  cries,  in  the  open  squares,  are 
passed  as  unnoticed  as  the  howling  of  a  dog. 
The  day  before  yesterday,  a  woman  fell,  in 
the  Toledo,  in  a  fit,  frothing  at  the  mouth, 
and  livid  with  pain  ;  and  though  the  street 
was  so  crowded  that  one  could  make  his  way 
witli  difficulty,  three  or  four  ragged  children 
were  the  only  persons  seen  looking  at  her."* 

It  is  easy,  therefore, '  to  perceive,  that  were 
covetousriess  undermined,  and  a  godlike  gene- 
rosity substituted  in  its  place — no  such  miser- 
able and  revolting  scenes  would  disgrace  our 
world.  We  should  no  longer  behold  the 
houseless  and  benighted  wanderer  hung  with 
rags,  shivering  amidst  the  blasts  of  winter, 
and  reposing  under  a  hedge,  or  in  tise  streets 
under  the  open  canopy  of  lioaven,  nor  the 
blind  and  the  dumb,  the  halt  and  the  maimed, 
wandering  along  our  streets  and  highways 
fiiendless  and  forlorn,  and  destitute  of  the 
comforts  w'hich  every  human  being  ought  to 
enjoy.  But,  on  the  other  hand,  those  whom 
God  has  blessed  with  abundance,  would,  like 
Job,  be  "  eyes  to  the  blind,  feet  to  the  lame, 
and  a  father  to  the  poor.  The  blessing  of 
them  who  are  ready  to  perish  would  come 
upon  them,  and  they  would  cause  the  widow's 
heart  to  sing  with  joy." 

It  is  not,  hov/ever,  but  bestowing  mone}^ 
directly  on  the  poor,  except  in  certain  urgent 
cases, — nor  even  by  endowing  almshouses, 
or  asylums,  except  for  the  I)lind5f  the  aged, 
and  the  infirm,  who  arc  u liable  to  work ;  but 
by  affording  employment,  and  a  proper  re- 
muneration for  labour,  to  all  vv^ho  enjoy  health 
and  vigour  of  body  and  mind.  For  every 
human  being  ought  to  be  actively  employed 
in  something  which  contributes  to  his  own 
benefit,  and  the  good  of  others.  An  absolutely 
idle  person,  is  both  a  biirden  to  himself,  and 
a  nuisance  in  society  ;  and  he  never  can  feel 
the  sweets  of  true  enjoyment.  It  is  contrary 
to  the  evident  design  of  the  Creator,  in  be- 
stowing upon  us  both  physical  and  moral 
powers,  that  any  class  of  these  powers  should 
remain  dormant  or  unemployed.  And,  there- 
fore, the  plan  of  cooping  up  hundreds  of 
healthy  persons  in  hospitals  and  poorhouses, 

*  "  Pfcncillings  bv  the  Way."  By  N.  P.  Willis, 
Esq,.  1835. 

f  Even  the  blind  may,  in  many  casep,  be  use- 
fully employed.  We  have  had  several  celebrated 
lecturers  and  teachers  of  scienre,  who  had  been 
eitljer  blind  from  their  birth,  or  had  lost  their  siirht 
at  a  very  early  period,  such  as  Prof  Saunderson, 
Dr.  Moyes,  Mr.  Drtvidson,  Mr.  Gonjih.  aiid  others, 
who  were  the  means  of  communicHtinu  poptilnr 
instruction  in  science,  to  many  thousands  in  dif- 
ferent countries.  Such  persons.  amon«r  the  lower 
ranks,  have  been  usefully  em!)loyed  in  basket- 
Uiaking,  weaving,  and  otlier  occupations  ;  and  in 
fuich  exercises,  have  felt  enjoyments  which  they 
3ouid  not  otherwise  have  had  experienced. 


without  being  employed  in  regular  menial 
and  bodily  exercises,  is  evidently  contrary  to 
nature,  and  consequently  subversive  of  true 
happiness. 

The  true  method  of  promoting  the  comfort 
of  the  poor,  is  to  furnish  them  with  the  means 
of  instruction  and  employment,  to  provide 
them  with  comfortable  habitations,  and  to 
teach  them  the  rules  of  economy,  temperance, 
and  moral  order,  and  to  see  that  their  children 
be  properly  educated  in  the  different  branches 
of  useful  knowledge,  and  in  the  doctrines  and 
duties  of  religion.  There  are  many  ways  by 
which  such  objects  might  be  accomplished, 
either  by  opulent  individuals,  or  by  society  at 
large.  In  the  building  of  churches,  schools, 
lecture-rooms,  and  workshops,  throughout  the 
country,  wherever  they  are  required ;  in  the 
cultivation  of  w^aste  grounds,  the  draining  of 
land,  the  formation  of  roads,  and  comfortable 
foot-paths  throughout  every  part  of  the  coun- 
try ;  in  forming  public  walks  around  villages 
and  towns ;  in  erecting  new  towns  and  villages 
on  spacious  and  improved  plans ;  in  erecting 
workshops  and  manufactories  for  all  kinds  of 
clothing  and  furniture;  in  distributing  gas- 
pipes  throughout  villages,  and  along  the  high 
ways,  for  illuminating  the  country,  and  cheer- 
ing the  traveller  under  the  cloud  of  night; — 
in  these,  and  many  other  operations,  all  the 
poor  who  now  infest  our  streets,  and  burden 
our  public  charities,  and  pass  a  miserable  and 
useless  existence,  might  be  comfortably  em- 
ployed. And,  while  misery  would  thus  be 
prevented,  and  happiness  diffused,  improve- 
ments might  be  carried  on  to  an  indefinite 
extent,  the  physical  aspect  of  our  globe  might 
be  transformed  into  a  scene  of  beauty  and 
fertihty,  and  "  the  desert  made  to  rejoice  and 
blossom  as  the  rose." 

In  the  cases  now  alluded  to,  and  in  many 
otlier  respects,  much  requires  to  be  effected, 
before  society  be  thoroughly  improved,  and 
before  the  scene  of  external  nature  be  deco- 
rated with  all  the  beauties  and  conveniences 
of  which  it  is  susceptible.  But  such  improve- 
ments ought  not  to  be  engaged  in,  merely 
from  the  sordid  views  of  deriving  pecuniary 
profits ;  but  from  a  desire  to  do  good  to  our 
fellow-men;  to  remove  nuisances  both  from 
the  physical  and  moral  world,  to  embellish 
the  city,  and  the  country,  and  to  promote  the 
general  advancement  of  society,  in  know- 
ledge and  virtue. 

It  is  evident,  then,  that  were  such  views  of 
the  application  of  wealth  to  pervade  general 
society,  or  were  even  a  few  opulent  individuals 
to  act  in  accordance  with  them,  an  important 
change  would  soon  take  place  in  the  aspect, 
both  of  the  physical  and  the  moral  world. 
Those  scenes  of  squalid  misery  and  destitu- 
tion, which  are  now  ^  be  seen  m  every  city, 
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town,  and  village  ;  those  pitiable  objects  that 
swarm  in  our  markets  and  fairs,  in  our  streets 
and  highways;  and  those  wretched  cellars 
and  hovels,  unfit  for  the  abodes  even  of  the 
lower  animals,  now  inhabited  by  human  be- 
ings, would  ere  long  disappear  from  the  world. 
The  cries  of  misery,  and  the  voice  of  mourn- 
ing and  sorrow,  would  be  changed  into  the 
voice  of  cheerfulness,  and  into  songs  of 
thanksgiving  and  joy.  Every  returning  year, 
new  beauties,  conveniences,  and  improve- 
ments, would  be  seen  rising  to  view  in  every 
corner  of  the  land ;  and  harmony  and  moral 
order  would  gradually  pervade  the  various 
ranks  of  society. 

And,  is  hoarding  up  wealth  in  bags  or 
coffers,  or  wasting  it  in  vain  show  and  extra- 
vagance, to  be  set  in  competition  with  such 
scenes  of  beauty  and  general  enjoyment? 
Surely  every  philanthropic  heart,  and  every 
sincere  Christian  possessed  of  riches,  in  con- 
tributing to  such  objects,  would  feel  a  plea- 
sure in  beholding  such  results,  far  surpassing 
what  can  ever  be  experienced  in  indulging  in 
"  the  pride  of  life,"  and  in  chiming  in  with 
"the  fashion  of  the  world  which  passeth 
away."  And,  we  have  already  proved,  in  the 
preceding  chapter,  that  it  is  in  the  power 
of  thousands,  to  be  instrumental  in  bringing 
about  "a  consummation,  so  devoutly  to  be 
wished  ;"  and,  it  is  to  be  hoped,  that  with  the 
power,  the  will  will  not  be  wanting,  and 
that,  ere  long,  they  will  "shake  themselves 
from  the  dust,"  and  arise  to  vigorous  exertion 
in  the  cause  of  God,  and  in  promoting  the 
best  interests  of  men. 

2.  The  subversion  of  covetousness  would 
prepare  the  way  for  remedying  many  phy- 
sical evib,  and  promoting  improvements  for 
the  convenience  and  comfort  of  general  society. 

To  some  of  these  improvements,  I  have 
alluded  above  ;  but  it  may  not  be  inexpedient 
to  enter  a  little  more  particularly  into  the 
consideration  of  this  topic. 

This  world,  when  it  was  first  arranged  by 
the  hand  of  the  Almighty,  was  completely 
adapted  as  a  habitation  for  a  creature  formed 
after  his  image.  Its  arrangement  was  the 
result  of  Infinite  wisdom  and  goodness ;  and, 
therefore,  must  have  presented  to  view  every 
thing  that  was  harmonious,  beautiful  to  the 
eye,  and  adapted  to  the  sensitive  and  intel- 
lectual enjoyment  of  man.  Hence  we  are 
told,  that,  upon  a  survey  of  all  his  works,  in 
this  lower  creation,  "  God  saw  every  thing 
that  he  had  made,  and  behold,  it  was  very 
good."  This  beautiful  arrangement  of  the 
face  of  nature,  in  all  probability,  continued 
during  the  greater  part  of  the  period  which 
intervened  between  the  creation  and  the 
deluge.  But,  when  the  flood  came,  "the 
fountains  of  the  great  deep  were  broken  up," 
(300) 


— the  interior  strata  of  the  earth  were  Jrs 
rupted,  mountains  and  rocks  were  hurled 
"  into  the  midst  of  the  sea,"  and  rolled  from 
one  continent  to  another;  the  whole  solid 
crust  of  the  globe  appears  to  have  been  shat- 
tered, and  thrown  into  confusion,  and  its  sur- 
face transformed  into  one  wide  and  boundless-- 
ocean.  Afler  the  waters  of  the  deluge  had 
abated,  the  earth  was  left  to  Noah  and  his 
descendants,  as  one  vast  and  frightful  ruin, 
overspread  with  immense  deserts  and  marshes, 
and  rugged  mountains  disrobed  of  th^^ir  ver- 
dure. For,  we  have  reason  io  belie  '"i,  that 
the  greater  part  of  the  dry  land  which  existed 
before  the  flood,  now  forms  the  bed  of  the 
ocean.  This  ruin  of  a  former  beautifol  world, 
since  that  period,  has  been,  in  many  of  its 
parts,  brought  into  a  certain  state  of  cultiva- 
tion, in  proportion  as  its  inhabitants  have 
risen  fi-om  barbarism  to  civilization.  But  a 
great  portion  of  the  globe  is  still  covered  with 
immense  deserts  and  almost  interminable 
forests,  fit  only  for  the  habitation  of  the  beasts 
of  prey  ;  and  even  those  countries  which  have 
been  partially  cultivated  by  the  more  civilized 
class  of  human  beings,  are  far  short  of  that 
improvement  of  which  they  are  susceptible ; 
or,  of  what  must  have  been  their  appearance, 
when  the  earth  was  fresh  from  the  hands  of 
its  Creator,  and  smiled  with  all  the  beauties 
of  Eden. 

The  sin  of  man  was  the  cause  of  the  origi- 
nal structure  of  the  earth  being  deranged,  and 
its  beauty  defaced  ;  and,  in  proportion  as  mars 
advances  to  a  conformity  to  the  Divine  image, 
after  which  he  was  originally  created, — will 
his  habitation  approximate  to  the  beauty  and 
order  which  appeared  in  the  first  creation. 
But,  "  this  sore  travail  hath  God  gtven  to  the 
sons  of  men  to  be  exercised  therewith,"  that 
they  must  now  exert  their  own  genius  and 
physical  energies,  in  beautifying  their  habita- 
tions, and  reducing  the  globe  to  an  approxi- 
mation to  its  original  state.  And,  in  proportion 
as  Christianity  and  civilization  have  prevailed, 
such  objects  have  been  partially  accomplished. 
But  the  greater  part  of  the  world  still  remains 
as  a  desolate  waste,  or  a  majestic  ruin  ;  and, 
even  where  the  hand  of  civilization  has  begun 
to  operate,  little  comparatively  has  been 
effected ;  for  the  fields  are  scarcely  half  cul- 
tivated, and  there  is  not  the  fifth  part  of  the 
conveniences  and  comforts  provided  for  the 
great  mass  of  the  world's  inhabitants  which 
they  ought  to  enjoy.  It  is  possible  to  trans- 
form the  earth  into  a  terrestrial  paradise,  oi 
at  least  into  something  approaching  it.  What 
has  already  been  done  is  an  earnest  and  a 
prelude  of  what  may  still  be  achieved,  were 
wealth  applied  in  accordance  with  the  inten- 
tion of  God,  and  were  all  the  physical  and  in 
tellectual  energies  of  man  eonccDtratcd  upana 
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such  an  object.  Let  us  look  at  New  England, 
which,  only  about  two  centuries  ago,  was  one 
immense  forest,  without  the  least  cultivation, 
inhabited  by  a  few  savages.  From  a  small 
colony  of  only  a  hundred  individuals,  these 
states  have  increased  to  two  millions  of  souls. 
Most  of  tbe  forests  have  been  cut  down,  the 
fields  cultivated  and  adorned,  and  hundreds 
of  towns,  temples,  seminaries,  and  splendid 
public  buildings  now  diversify  and  adorn  a 
pcene  of  activity  which  was  formerly  "  a  vast 
howling  wilderness,"  where  none  but  rude 
Indians  and  the  beasts  of  the  forests  roamed 
for  their  prey.  Even  in  our  own  country,  in 
the  days  of  Julius  Cffisar,  the  inhabitants  were 
rude  and  barbarous ;  tliey  painted  their  bodies ; 
they  were  clothed  in  the  skins  of  beasts ;  they 
dwelt  in  huts  and  caves,  in  the  forests  and 
marshes ;  the  land  was  overspread  with  thickets 
and  barren  wastes,  and  no  towns,  cities,  or 
splendid  edifices,  such  as  we  now  behold,  were 
to  be  found  in  any  quarter  of  Britain,  which 
now  stands  in  the  first  rank  of  Christian  and 
civilized  nations.  It  only  requires  a  little  more 
beneficent  exertion,  and  the  whole  British 
Islands  might  be  changed  into  a  scene  of 
beauty  and  fertility  little  inferior  to  that  of 
Eden.  Nay,  in  a  very  short  period,  all  the 
uncultivated  wastes  of  the  globe  might  be 
adorned  with  every  rural  beauty,  and  every 
wilderness  made  to  bud  and  blossom  as  the 
rose.  The  money  which  has  been  spent  in 
warfare,  during  the  last  century,  by  Great 
Britain  alone,  amounting  to  nearly  two  thou- 
sand millions  of  pounds,  would  have  gone 
a  great  way  towards  defraying  the  expense 
of  every  thing  requisite  for  transforming 
almost  all  the  desolate  wastes  of  the  globe 
into  scenes  of  beauty  and  vegetation.  And, 
it  is  in  the  power  of  the  European  nations — 
nay,  almost  in  the  power  of  Britain  herself— 
were  wealth  directed  into  its  proper  channels, 
to  accomplish  nearly  all  that  is  now  stated, 
during  the  ne^^t  half  century,  if  they  would  at 
this  moment  shake  off  the  trammels  of  ambi- 
tion and  avarice,  and  arise  to  holy  and  benefi- 
cent exertion.-?.  If  ever  such  a  period  as  the 
scripture  millennium  arrives,  it  will  be  ushered 
in  by  such  physical  improvements,  in  simulta- 
neous combination  with  the  instruction  of  all 
ranks,  the  energetic  preaching  of  the  gospel, 
and  the  universal  extension  of  the  revelation 
of  God  among  all  nations. 

Let  us  now  consider  for  a  moment,  some 
of  the  evils  of  the  social  s'.ate  which  should 
be  remedied,  and  the  irr.provements  which 
should  be  carried  into  effect. 

If  we  look  into  our  cities  and  towns,  we 
shall  find  them  abounding  with  many  nui- 
sances and  inconveniences — narrow  streets, 
dirty  lanes,  wretched  cellars,  and  hovels 
crowded   with    huuiaii    beings,    whole    fami- 


lies with  their  miserable  shreds  of  furniture, 
cooped  up  in  one  narrow  apartment,  amidst 
gloom,  filth,  and  disorder — no  conveniences 
for  washing,  bleaching,  or  for  enjoying  the 
cheerful  light  of  heaven  and  the  refreshing 
Veeze.  In  such  situations,  numerous  dis- 
eases are  engendered,  the  true  enjoyment  of 
life  prevented,  and  the  period  of  human  exist- 
ence cut  short,  by  nearly  the  one-half  of  its 
average  duration.  If  we  inspect  many  of  our 
villages,  we  shall  find  similar  evils  tending  to 
human  wretchedness  and  debasement.  And, 
if  we  cast  our  eyes  over  the  country,  we  shall 
find  a  glaring  deficiency  of  comfortable  roads, 
and  foot-paths,  and  of  comfortable  dwellings 
for  the  industrious  poor,  a  want  of  bridges  for 
regular  intercourse  between  villages,  and  a 
want  of  bowers  or  places  of  shelter  to  the 
weary  traveller,  either  from  the  heat  of  the 
sun,  or  from  rains  and  storms,  besides  marshes 
that  might  be  drained,  moors  that  might  be 
cultivated,  and  many  desolate  wastes  that 
might  be  turned  into  fertility  and  verdure, 
and  become  the  seats  of  an  industrious  and 
happy  population. 

Now,  all  these  and  similar  evils  might  be 
removed,  and  the  requisite  improvements 
carried  forward,  were  the  principle  of  avarice 
undermined,  and  a  noble  generosity  to  per- 
vade the  minds  of  the  opulent  and  infiuen- 
tial  class  of  the  community.  Were  societies 
formed  for  promoting  such  objects — not  for 
the  purpose  of  gain  or  the  mere  employment 
of  superfluous  capital,  but  for  the  purpose  of 
general  improvement,  and  affording  employ- 
ment to  the  industrious  labourer,  we  might 
have  roads  and  foot-paths  intersecting  the 
country  in  every  direction,  broad,  smooth, 
and  cleanly,  and  adapted  for  comfortable 
travelhng  and  pleasure-walks,  at  all  seasons 
of  the  year — cottages  and  garden-plots,  fur- 
nished with  every  requisite  convenience  fo^ 
the  accommodation  of  the  industrious  classef 
— our  marshes  drai':ied  and  covered  with  corn 
— our  heath-clad  hills  adorned  with  evergreens 
and  fruitful  trees— our  narrow  dirty  lanes, 
where  rnen  are  huddled  together  like  rabbits 
in  their  cells,  completely  demoHshed — our 
confined  streets  expanding  into  crescents  and 
spacious  squares — new  towns  and  villages 
arising  on  ample  and  improved  plans — canals 
and  railways  intersecting  the  country,  in 
every  direction,  where  they  are  required  — 
schools  and  seminaries  of  all  descriptions, 
churches,  lecture-rooms,  workshops,  manu- 
factories, and  asylums  for  the  aged  and  infirm 
— diversifying  the  rural  landscape — and  the 
once  barren  desert  rejoicing  amidst  luxuriant 
verdure,  and  with  the  hum  of  human  voices 
and  of  ceaseless  activity. 

That  such  improvements  will  oe  carried 
forward   in    the  days  of  the  millennium,  at 
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prior  to  its  commencement,  appears  from  cer- 
tain predictions  which  have  a  reference  to  that 
period.  "  In  those  days,"  says  the  prophet 
Isaiah,  "  they  shall  build  houses  and  inhabit 
them,  and  plant  vineyards  and  eat  the  fruit 
of  them.  They  shall  not  build  and  another 
inhabit ;  they  shall  not  plant,  and  another  eat ; 
for  as  the  days  of  a  tree,  are  the  days  of  my 
people,  and  tliey  shall  long  enjoy  the  work 
of  their  hands.  They  shall  not  labour  in 
vain,  nor  bring  forth  for  trouble ;  for  they  are 
the  seed  of  the  blessed  of  the  Lord,  and  their 
offspring  with  them."*  "Then  shall  the 
earth  yield  her  increase,  and  God,  even  our 
own  God,  shall  bless  us."  "  Then  shall  he 
give  thee  rain  of  thy  seed,  that  thou  shalt 
sow  the  ground  withal,  and  bread  of  the 
increase  of  the  earth,  and  it  shall  be  fat 
and  plenteous;  and  in  that  day  thy  cattle 
shall  feed  in  large  pastures.  The  seed  shall 
be  prosperous,  the  vine  shall  give  her  fruit, 
and  the  ground  shall  give  her  increase,  and 
the  heavens  shall  give  their  dew;  the  evil 
beasts  shall  cease  out  of  the  land ;  and  they 
shall  sit  every  man  under  his  vine  and  fig 
tree,  and  none  shall  make  him  afraid;  for 
behold;  I  create  Jerusalem  a  rejoicing,  and 
her  people  a  joy."  The  same  thing  may  be 
intimated  in  the  following  passages  which  re- 
fer to  the  same  period  : — "  Let  the  fields  be 
joyful,  and  all  that  is  therein,  let  the  hills  be 
joyful  together ;  then  shall  all  the  trees  of 
the  wood  rejoice  before  the  Lord ;  for  he 
cometh  to  judge  the  earth."-)-  "I  will  open 
rivers  in  high  places  and  fountains  ixv  the 
midst  of  the  valleys,  I  will  make  the  wilder- 
ness a  pool  of  water,  and  the  dry  land  springs 
of  water.  I  will  plant  in  the  wilderness,  the 
cedar,  the  shittah  tree,  and  the  myrtle,  and 
the  oil-tree.  I  will  set  in  the  desert  the  fir 
tree  and  the  box  together ;  that  they  may  see 
and  know,  and  consider  that  the  hand  of  the 
Lord  hath  done  this."^:  "  I  will  make  a  way 
in  the  wilderness  and  rivers  in  the  desert." 
"Sing,  0  heavens,  and  be  joyful,  O  earth, 
and  break  forth  into  singing,  0  mountains,  ye 
forests,  and  every  tree  therein."  "  Ye  shall 
go  out  with  joy,  and  be  led  forth  with  peace  ; 
the  mountains  and  hills  shall  break  forth  be- 
fore you  into  singing,  and  all  the  trees  of  the 
fields  shall  clap  their  hands.  Instead  of  the 
thorn  shall  come  up  the  fir  tree,  and,  instead 
of  the  brier  shall  con\&  up  the  myrtle  tree."§ 
*'  And  they  shall  build  the  old  wastes,  they 
shall  raise  up  the  former  desolations,  and  they 
shall  repair  the  waste  cities,  the  desolations 
of  many  generations." 

Although  several  of  the  last  quoted  passages 
may  be  considered  as  having  a  reference  to 
the  spiritual  renovation  of  the  world,  yet  the 
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literal  meaning  is  not  to  be  altogether  &x 
eluded.  For  the  external  comforts  of  man 
kind  and  the  natural  embellishments  of  tha 
earth  go  hand  in  hand  with  the  reception  of 
Divine  truth,  and  the  manifestation  of  Chrin- 
tian  virtues.  Wherever  the  gospel  comes  in 
its  power  and  renev/ing  influence  upon  the 
heart,  it  sooner  or  later  brings  along  with  it 
the  blessings  of  civilization,  and  leads  to  the 
abandonment  of  rude  and  savage  practices—- 
io  the  improvement  of  the  soil,  and  to  the 
rearing  of  cleanly  villages  and  comfortable 
habitations.  This  may  be  seen  in  the  pro- 
gress of  Christianity  in  Southern  Africa, 
where  the  narrow  and  filthy  kraals  of  the 
Hottentots  have  been  changed  into  substantial 
and  commodious  dwellings ;  and  in  the  So- 
ciety Isles,  where  gardens,  villages,  spacious 
churches,  seminaries,  and  stately  mansions, 
now  beautify  and  adorn  that  once  savage  ter- 
ritory, so  lately  the  seat  of  idolatry  and  "  the 
habitations  of  cruelty."  In  these  respects, 
"  the  fields"  may  be  said  to  "  be  joyful,"  and 
"  the  mountains  and  the  hills  to  break  forth 
into  singing,  and  the  desert  to  rejoice  and  blos- 
som as  the  rose."  Such  predictions,  too,  seem 
to  intimate,  that  the  extensive  desarts  and 
tracts  of  barren  sand  now  lying  waste  and 
uncultivated,  and  seldom  trodden  by  the  foot 
of  man,  will  be  brought  under  cultivation, 
and  changed  into  a  scene  of  delightful  ver- 
dure ;  and  that,  upon  the  hideous  wilds  where 
Nineveh,  Babylon,  and  other  famous  cities 
once  stood,  other  splendid  cities  will  be  reared, 
congenial  to  the  holy  and  elevated  views  of 
a  renovated  population.  The  following  and 
similar  passages  may  be  fairh'-  interpreted  in 
this  sense.  "I  will  make  the  dry  land  springs 
of  water,  and  I  will  plant  in  the  wilderness 
the  cedar,  the  shittah  tree,  and  the  myrtle 
They  shall  huild  the  old  wastes,  they  shall 
raise  up  the  former  desolations,  and  they 
shall  repair  the  waste  cities^  the  desolations 
of  many  generations." 

How,  then,  are  such  glorious  transforms 
tions  to  be  effected  1  Are  we  to  suppose, 
that  God,  by  a  direct  act  of  his  Almighty 
power,  as  at  the  first  creation,  is  to  sweep  the 
dense  forests  from  the  earth,  level  the  moun- 
tains, prepare  highways  for  its  inhabitants, 
and  plant  with  his  own  hand  "  in  the  wilder- 
ness, the  cedar,  the  shittah  tree,  and  the  myr- 
tle?" Or  are  we  to  suppose,  that  angelic 
beings  aie  to  be  sent  down  from  heaven  to 
perform  such  material  operations  1  If  not, 
then  they  must  Ve  effected  by  the  genius  and 
energy  of  man.  For,  whatever  man  is  ena- 
bled to  perform,  under  the  arrangements  of 
the  Divine  government,  is  uniformly  ascribed 
to  God  as  the  Supreme  mover  and  director  of 
every  operation ;  and  a  miracle  was  never 
performed,  when  human,  agents,  by  the  ordi- 
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navy  laws  of  nature,  were  able  to  accomplish 
the  object  intended. 

And  how  is  man  to  accomplish  such  im- 
provements, hut  by  employing  his  treasures, 
and  his  physical  and  mental  energies  in  such 
beneficent  operations'!  Hitherto,  covetous- 
ness  has  prevented  such  desirable  improve- 
ments from  being  effected.  "When  requested 
to  en)bar]i  in  any  undertaking  which  has  for 
its  object  the  melioration  of  the  social  state, 
its  uniform  language  is,  "will  it  pay?"  "will 
it  pay  V  "will  it  produce  a  proper  per  ceiitage 
for  the  outlay  of  money?"  implying  that  the 
acquisition  of  more  money,  is  the  grand  stimu- 
lus which  should  excite  us  to  embark  in  any 
undertaking.  It  is  stated,  for  example,  that 
certain  marshes,  mosses,  and  heath-clad  hills, 
can  never  be  cultivated,  because  the  expense 
of  cultivating  them  would  outrun  the  profit." 
This  is  an  argument  which  may  be  allowed 
to  a  man  who  worships  mammon  as  his 
God,  and  who  has  his  portion  only  in  the  pre- 
sent life ;  but  such  an  argument  ought  never 
to  proceed  from  the  mouth  of  a  Christian. 
The  grand  question  to  be  determined  is,  "  is 
it  expedient  and  requisite  that  such  improve- 
ments should  be  attempted,  and  is  it  consistent 
with  the  will  and  purposes  of  God,  that  they 
should  be  accomplished?"  If  such  questions 
can  be  answered  in  the  affirmative,  then  all 
other  considerations  ought  to  be  laid  aside, 
and  it  ought  to  be  deliberately  considered, 
and  laid  down  as  a  maxim,  that  money  was 
bestowed  by  God  for  just  such  purposes,  and 
not  to  be  put  in  a  bag,  or  "  laid  up  in  a  nap- 
kin." Were  such  views  generally  recognized, 
and  acted  upon,  a  new  impulse  would  be 
given  to  human  activity,  and  a  new  aspect 
would  begin  to  appear  throughout  the  scene 
of  nature,  and  of  general  society.  How 
many  thousands  are  to  be  found  in  our  cities 
and  populous  towns,  and  even  in  our  hamlets 
and  villages,  who  are  living  in  the  midst  of 
filth  and  wretchedness,  either  altogether  un- 
employed, or  eking  out  a  scanty  pittance, 
scarcely  sufficient  to  keep  soul  and  body  to- 
gether, or  employed  in  pilfering,  or  other 
criminal  pursuits,  who  would  rejoice  in  the 
prospect  of  being  emplo3i^ed  in  rural  improve- 
ments ! 

Now,  were  some  hundreds  of  such  persons 
distributed,  under  proper  superintendents,  in 
different  parts  of  the  country,  to  drain  a 
marsh,  to  cultivate  a  desart,  to  form  new  roads, 
to  drive  soil  to  sandy  or  rocky  wastes,  and  to 
direct  rivulets  and  streams  of  water  to  flow 
through  such  places ;  were  small  towns  and 
villages,  on  spacious  plans,  to  be  reared  in 
such  places,  and  comfortable  habitations  for 
the  industrious  labourers;  were  schools  esta- 
blished for  the  instruction  of  the  young,  and 
churches,  and  lecture  rooms  for  the  instruc- 


tion of  adults  in  religion,  and  in  every  branch 
of  useful  knowledge,  what  an  amount  of  en- 
joyment might  be  communicated  to  thousands 
of  miserable  creatures,  now  in  a  state  of 
penury  and  degradation  1  and  what  a  beauti- 
ful transformation  would  appear  on  the  'aspect 
of  "  the  wilderness,  and  the  solitary  place," 
now  covered  with  briers  and  thorns,  and  un- 
trodden by  the  foot  of  man  !  Nothing  pre- 
vents such  scenes  from  being  realized,  but  the 
principle  of  avarice ;  and  it  becomes  Chris- 
tians to  whom  God  has  granted  riches  and 
property,  seriously  to  consider,  whether  they 
be  not  called  upon  by  the  word  and  provi- 
dence of  God,  to  embark  in  such  undertakings, 
although,  instead  of  making  five  per  cent,  for 
their  money,  they  should  lose  twice  that  sum 
in  accomplishing  such  designs.  The  question 
with  a  Christian,  ought  not  to  be,  what  is  the 
per  centage  of  money  to  be  acquired ;  but 
what  is  the  per  centage  of  happiness  that 
will  be  gained  to  mankind,  and  of  improve- 
ment on  the  face  of  nature.  Let  such  consi- 
der what  I  say,  and  "  may  the  Lord  give  them 
understanding  in  all  things !" 

3.  Were  covetousness  undermined,  we 
might  soon  have  institutions  established  for 
the  intellediml  and  religious  instruction  of 
persons  of  all  ranks  and  ages. 

This  is  a  most  important  consideration — a 
subject  the  most  momentous  of  any  that  can 
engage  the  attention  of  the  Christian,  or  of 
members  of  general  society.  It  is  a  subject, 
however,  which  has  been  most  unaccountably 
overlooked  by  all  ranks,  and  even  b}^  professed 
Christians  and  philanthropists.  Innumerable 
facts  which  have  lately  come  to  light,  in  our 
own  land,  abundantly  prove,  that  ignorance 
and  crime  are  almost  inseparably  connected ; 
and  the  same  position  is  confirmed  by  the  ex- 
perience of  almost  every  other  country.  Not- 
withstanding the  severity  and  the  multiplicity 
of  our  penal  statutes,  and  the  new  enactments 
which  are  issued,  year  after  year,  against 
crimes,  they  have  multiplied  almost  in  pro- 
portion to  the  increase  of  our  criminal  statutes. 
It  has  been  calculated,  that  in  and  about  Lon- 
don alone,  there  are  above  fifty  thousand 
thieves  and  pick-pockets.  And  no  wonder, 
when  we  learn  from  the  Report  of  the  "  Bri- 
tish and  Foreign  School  Society"  for  1833, 
that  "  in  the  Metropolis  alone,  there  are  above 
150,000  children  growing  up  to  manhood 
without  education."  In  Nottingham,  it  ia 
found  that  more  than  a  thousand  children,  of 
an  age  suitable  for  school,  are  growing  up  in 
total  ignorance ;  and,  in  Herefordshire,  out 
of  41,000  individuals,  only  about  24,000,  or 
little  more  than  one  half,  were  able  to  read. 
Instead  of  one  out  of  every  four  attending 
instruction,  it  is  estimated,  that  throughout 
Great  Britain  and  Ireland,  there  is  not  above 
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one  out  of  twelve  or  fourteen  of  the  popula- 
tion, at  an  average,  enjoying  the  means  of 
regular  instruction  ;  paltry,  and  inefficient,  as 
they  generally  are.  Without  a  thorough  in-' 
telledual  and  religious  education,  universally 
extended,  commencing  at  a  very  early  period 
of  life,  and  continued  till  manhood,  the  root  of 
crime  will  never  be  extirpated ;  and  although 
its  branches  may  be  occasionally  lopped  off 
by  the  sword  of  the  law,  they  will  always  be 
ready  to  break  out  in  fresh  luxuriance.  So 
long  as  the  principle  of  crime,  and  those  affec- 
tions which  lead  to  it,  are  suffered  to  remain 
without  moral  counteraction ;  human  laws, 
however  severe,  will  be  altogether  inefficient, 
either  for  eradicating,  or  repressing  it. 

An  efficient  education  is  likewise  essentially 
necessary  for  prepiiing  men  to  listen  with 
attention  and  intelligence,  to  the  declarations 
of  the  gospel.  For  want  of  that  intelligence 
which  education  should  produce,  neither  ra- 
tional nor  moral  arguments  make  the  least 
impression  on  the  mind.  We  cannot,  in  many 
instances,  persuade  such  persons  to  attend  a 
place  of  worship  where  Scriptural  instruction 
is  communicated ;  and  when  they  are  con- 
strained to  enter  a  religious  assembly,  they 
are  incapable  of  fixing  their  attention  on 
spiritual  subjects,  or  of  understanding  and 
appreciating  the  nature  and  importance  of 
the  truths  delivered  ;  so  that  the  most  solemn 
considerations  and  admonitions  produce  no 
more  effect  in  exciting  to  repentance  and  se- 
rious reflections,  than  "  a  sounding  brass  or  a 
tinkling  cymbal." 

Hence,  likewise,  the  confused  and  distorted 
conceptions  of  Divine  truth  which  are  enter- 
tained by  many  of  the  regular  hearers  of  the 
gospel;  hence  the  little  etTect  produced  on 
their  moral  characters,  and  hence  the  want 
of  holy  energy,  and  of  that  noble  spirit  of 
Christian  heroism  and  generosity,  which  ought 
to  distinguish  every  member  of  a  religious 
community. 

Again,  universal  education  is  essential  for 
preparing  the  way  for  the  arrival  of  the 
predicted  millennium.  Such  a  period  cannot 
possibly  be  ushered  in,  till  a  moral,  intellect- 
ual, and  religious  education  be  universally 
established,  and  the  benefits  of  it  enjoyed  by 
all  ranks  and  conditions  of  men.  It  is  in  this 
and  the  effects  which  flow  from  it,  that  the 
essence  of  the  millennium  udll  chiefly  consist. 
For,  at  that  period,  "  all  shall  know  Jehovah 
from  the  least  to  the  greatest,"  in  consequence 
of  which  "  all  the  ends  of  the  world  shall  re- 
member and  turn  to  the  Lord,  and  all  kin- 
dreds of  the  nations  worship  before  him." 

At  present,  we  have  little  or  nothing  that 
truly  deserves  the  name  of  education.  In  the 
system  of  education  which  has  hitherto  pre- 
vailed in  our  country,  almost  every  thing  that 
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is  interesting  to  a  rational  and  immortal  being 
has  been  overlooked  and  ojnitted.  Word^ 
have  been  substituted  in  place  of  things  ,•  the 
elements  of  language  instead  of  the  elements 
of  thought,  the  key  of  knowledge,  instead  of 
knowledge  itself ;  Pagan  maxims  instead  of 
Christian  principles  and  precepts ;  a  farrago 
of  trash  ^'elected  from  Heathen  Orators,  Poets, 
old  plays,  fables,  romances,  and  novels,  in- 
stead of  the  grand  and  interesting  facts  of 
sacred  history,  the  scenes  of  domestic  life,  the 
useful  arts  and  sciences,  the  beauties  of  crea- 
tion, and  the  sublime  and  magnificent  scenery 
of  the  universe.  Man  has  been  considered 
rather  as  a  kind  of  machine,  than  as  a  rational 
intelligence,  and  our  systems  of  education 
have  treated  him  as  if  he  had  been  little  else 
than  a  puppet,  formed  for  mechanical  move- 
ments. The  idea  that  he  is  a  being  destined 
to  future  and  eternal  existence,  and  that  his 
traming  ought  to  have  a  respect  to  his  ulti- 
mate destination,  has  been  almost  entirely 
overlooked  in  our  scholastic  arrangements, 
and  the  government  of  the  temper  and  con- 
duct, according  to  the  maxims  and  precepts 
of  Christianity,  has  never  formed  a  prominent 
object  in  our  seminaries,  either  for  the  highe- 
or  the  lower  ranks  of  society.  Besides,  our 
scholastic  instructions,  deficient  as  they  are, 
are  not  enjoyed  by  the  one  half  of  our  popu- 
lation. We,  therefore,  require  a  system  of 
education  to  be  established,  commencing  at 
two  years  of  age,  and  continued  till  twenty, 
which  shall  communicate  to  young  minds  the 
elements  of  thought,  and  which  shall  compre- 
hend all  those  useful  branches  of  knowledge 
in  which  man  is  interested  as  a  rational  and 
social  intelligence,  and  as  a  candidate  for  a 
blessed  immortality.  Our  grand  object  ought 
now  to  be,  that  there  shall  no  one  of  our  po- 
pulation who  stands  in  need  of  instruction,  be 
without  the  means  of  education, — so  that,  in 
the  course  of  another  generation,  there  shall 
not  be  an  ignorant,  and  scarcely  a  vicious 
individual  found  in  our  land. 

In  order  to  accomplish  such  a  gi-and  and 
beneficent  object,  we  must  have  infant  schools 
established  for  all  classes,  and  throughout 
every  corner  of  the  land ;  schools  for  the  in- 
tellectual and  religious  education  of  the  young, 
from  the  age  of  six  to  the  age  of  fourteen 
years ;  seminaries  for  instructing  apprentices, 
journeymen,  clerks,  shopkeepers,  and  other 
classes  of  young  men  and  women,  from  the 
age  of  fourteen  to  twenty,  or  upwards,  accom- 
modated to  their  conveniency,  and  calculated 
to  convey  to  them  instruction  in  the  higher 
departments  of  knowledge  and  religion  ;  and 
colleges  for  the  moral  and  intellectual  train- 
ing of  teachers  fitted  to  conduct  such  insti- 
tutions. 

These,  with  similar  institutions,  and  courses 
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nf  lectures  on  every  branch  of  knowledge, 
human  and  divine,  requhe  to  be  established 
in  every  district  throughout  the  length  and 
breadth  of  our  land. 

These  are  objects  not  only  of  vast  impor- 
tance, but  v^diich  vv-^ould  require  for  their 
accomplishment  a  vast  expense.  For  the 
island  of  Great  Britain  alone,  there  would 
require  to  be  established  no  less  than  about 
sixty  thousand  seminaries  of  the  description 
to  which  I  allude ;  every  one  of  which,  in- 
cluding an  apparatus,  museum,  and  every 
thing  else  which  an  intellectual  seminary 
should  contain,  would  require  at  least  .£1200 
to  be  devoted  to  its  erection  and  establishment, 
which  would  amount  to  seventy-two  millions 
of  British  pounds  !  Great  as  this  sum  may 
appear,  it  is  only  a  mere  zYem,  when  com- 
pared with  the  hundreds,  or  rather  thousands 
of  millions  which,  during  the  last  century, 
w^ere  spent  in  the  folly  and  madness  of  war- 
fare. But,  by  what  means  are  such  sums  to 
be  raised,  so  long  as  covetousness  holds  its 
sway,  as  it  has  hitherto  done,  over  the  human 
mind  1  Neither  governments,  communities, 
nor  individuals  will  come  forward  to  lend  their 
aid  in  promoting  such  objects,  till  the  principle 
of  avarice  be  undermined,  and  the  legitimate 
use  of  wealth,  on  the  principles  of  Christianity, 
be  generally  appreciated.  But,  were  this 
object  in  some  measure  effected,  and  a  prin- 
ciple of  Christian  generosity  beginning  to  gain 
the  ascendant,  there  would  not  be  the  least 
difficulty  in  accomplishing  every  thing  which 
has  now  been  proposed*  We  have  the  means 
in  our  power,  if  we  have  the  will  to  apply 
them ;  for  there  is  more  money  spent  every 
year  in  ''folly,  extravagance,  and  vice,  than 
would  be  amply  sufficient  to  establish  every 
institution  requisite  for  the  intellectual,  moral, 
and  religious  instruction  of  persons  of  every 
age  and  sex,  and  of  all  ranks  of  the  commu- 
nity. And,  if  they  were  once  established, 
four  or  five  millions  annually  would  be  suffi- 
cient for  conducting  their  operations,  and 
carryhig  forward  every  requisite  improvement. 
And  what  a  bright  and  enlivening  prospect 
would  then  be  gradually  unfolding  to  our 
view  !  the  young  rising  up  in  wisdom  and 
knowledge,  and  in  favour  with  God  and  man; 
useful  knowledge  and  Christian  principles 
extending  their  influence  throughout  all 
ranks ;  the  principle  of  crime  undermined  and 
almost  ^.radicated;  property  secure  from  the 
inroads  of  the  pilferer  and  depredator;  im- 
provements of  every  description  carried  for- 
«7ard  with  alacrity  and  vigour ;  and  harmony 
and  order  introduced  into  every  department 
of  the  moral  world. 

All  these  and  similar  effects  would  undoubt- 
edly be  accomplished,  in  a  greater  or  less 
^^ree,  were  we  now  to  concentrate  all  our 
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physical  and  mental  energies  on  such  objects, 
and  consecrate  a  fair  proportion  of  our  wealth 
towards  their  accomplishment.  It  is  by  such 
means,  we  may  rest  assured,  that  God  will 
accomplish  his  eternal  purposes,  and  the  pre- 
dictions of  his  word  in  reference  to  that  period 
when  "  the  glory  of  Jehovah  shall  be  revealed, 
and  all  flesh  shall  see  it  together,"  and  "  when 
all  shall  know  him  from  the  least  to  the 
greatest." 

4.  The  progress  of  science  and  art  would 
be  promoted,  v^^ere  covetousness  counteracted, 
and  a  spirit  of  generosity  diffusing  itself 
throughout  society. 

The  progress  of  the  sciences  and  arts  has 
generally  kept  pace  with  the  progress  of 
Christianity.  They  are  intimately  connected 
with  religion,  and  have  been  instrumental  in 
its  propagation  and  extension.  M^ithout  the 
aid  of  printing,  the  revelations  of  heaven  could 
never  have  been  so  extensively  circulated  as 
they  now  are,  by  the  miUions  of  Bibles,  and 
other  books  on  theology,  that  have  issued  from 
the  press.  "Without  the  mariner's  compass, 
and  the  art  of  navigation,  we  could  never 
have  visited  the  "  isles  afar  off"  in  the  midst 
of  the  ocean,  to  communicate  to  their  benight- 
ed inhabitants  the  knowledge  of  salvation. 
Without  a  knowledge  of  the  globular  form  of 
the  earth,  which  science  has  demonstrated, 
many  regions  of  our  world  could  never  have 
been  explored,  and  we  should  have  remained 
in  ignorance  of  America,  Australasia,  and 
many  other  countries  with  which  we  now  re- 
gularly correspond.  Without  a  knowledge  of 
this  fact,  and  of  the  extent  of  the  earth's  dia- 
meter, we  could  not  have  measured  the  dis- 
tances and  magnitudes  of  the  heavenly  bodies  ; 
and,  without  the  use  of  the  telescope  we  could 
never  have  explored  the  magnificent  scenes 
of  the  universe  which  it  has  laid  open  to  view, 
and  consequently  could  never  have  formed 
such  enlarged  conceptions,  as  we  can  now 
do,  of  the  attributes  and  operations  of  the 
Creator. 

It  is,  therefore,  of  importance,  in  a  religious 
point  of  view,  that  science  and  art  should  be 
improved,  and  carried  forward  towards  per- 
fection. For  the  more  minutely  the  wonders 
of  nature  are  explored,  the  more  distinctly  do 
we  perceive  the  traces  of  Infinite  wisdom  and 
intelligence,  and  the  boundless  power  and 
goodness  of  Him  "  whose  kingdom  ruleth 
over  all."  In  proportion,  too,  to  the  extent 
and  accuracy  of  our  views  of  the  system  of 
creation,  shall  we  be  enabled  to  perceive  the 
general  harmony  which  subsists  between  the 
operations  of  God  in  the  visible  universe,  and 
the  revelations  of  his  word. 

And,  as  art  has,  hitherto,  facilitated  the 
progress  of  the  Gospel,  and  the  extension  of 
Christianity  to  distant  lands,  so  we  havo 
2  c  2  (305) 
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reason  to  believe,  that  it  will  contribute  still 
more  extensively  to  its  propagation  in  future 
ages,  than  it  has  ever  yet  done  in  the  ages 
that  are  past.  Great  improvements  are  still 
required,  both  as  to  the  safety  and  the  rapidity 
of  our  modes  of  conveyance,  from  one  place 
to  another,  whether  by  sea  or  land.  Ships 
require  to  be  constructed  on  improved  plans, 
less  liable  to  be  endangered  by  the  billows  of 
the  deep,  or  even  when  striking  against  a 
shoal,  and  from  the  recent  progi'ess  of  mven- 
tion,  it  is  not  unlikely  that  contrivances  may 
be  suggested  for  impelling  them  across  the 
ocean  with  a  greater  degree  of  velocity  than 
has  hitherto  been  attained,  and  which  may 
enable  them  to  glide,  with  more,  safety,  through 
the  foaming  billows.  Locomotive  engines,  by 
land,  may  be  brought  to  a  still  greater  degree 
of  perfection ;  and  even  balloons  may  be  con- 
structed with  apparatus  adequate  to  conduct 
them,  in  any  direction,  through  the  regions 
of  the  atmosphere.  Agiicultural  instruments 
may  be  contrived  for  facilitating  rural  opera- 
tions and  the  cultivation  of  the  soil ;  and  new 
inventions  brought  to  light  for  the  quick  per- 
formance of  all  kinds  of  labour,  so  that  the 
iabouring  classes  may,  ere  long,  have  abun- 
dant leisure  for  the  enjoyment  of  the  bounties 
of  the  Creator,  and  for  storing  their  minds 
with  all  kinds  of  knowledge,  both  human  and 
divine.  Our  knowledge  of  the  powers  of 
nature,  and  of  the  functions  of  the  animal 
system,  may  be  so  increased  as  to  enable  us 
to  prevent  diseases  of  every  description  ;  and 
instruments  or  contrivances  of  various  kinds 
may  be  invented  to  ward  off  those  disasters, 
and  fatal  effects  which  now  so  frequently  flow 
from  the  operations  of  hghtning,  noxious 
gases,  storms,  and  tempests,  and  other  agents 
in  the  system  of  nature,  which  have  so  fre- 
quently been  the  cause  of  many  accidents  and 
calamities. 

Now,  it  might  easily  be  shown,  that  all 
such  improvements  in  science  and  art,  are 
intimately  connected  with  religion,  and  have 
a  bearing  upon  the  happiness  of  man,  and 
upon  the  propagation,  and  the  universal  esta- 
blishment of  Christianity  throughout  the  world. 
But,  without  money,  such  improvements  can- 
not be  effected.  Many  persons  of  genius, 
who  have  hit  upon  useful  inventions,  have 
been  obliged  to  drop  the  prosecution  of  their 
plans,  when  they  were  nearly  ripe  for  execu- 
tion, for  want  of  pecuniary  means  to  carry 
them  into  effect.  And,  in  numerous  in- 
stances, when  a  model,  or  small  machine  has 
been  constructed  to  illustrate  the  operation  of 
a  certain  principle  or  theory,  the  want  of 
money  or  patronage  has  prevented  its  ])eing 
exhibited  on  a  large  scale,  so  as  to  demon- 
strate its  practical  utility  ;  and  all  the  labour, 
aJixiety,  and  expense,  previously  incurred, 
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have  been  wasted  to  no  purpose.*  But  if 
avarice  were  transformed  into  generosity,  and 
generosity  directed  to  patronize  and  assist 
schemes  which  are  praiseworthy,  and  of  prac- 
tical utility,  many  useful  contrivances,  which 
are  now  in  embryo,  might  soon  be  brought  to 
perfection,  and  rendered  subservient  to  the 
good  of  mankind. 

Those  who  are  possessed  of  wealth,  have  it 
not  only  in  their  power  to  patronize  perne- 
vering  genius,  but  to  establish  lectures  on 
science,  and  every  branch  of  useful  know- 
ledge; to  build  lecture-rooms,  to  provide 
apparatus,  to  erect  observatories,  to  found 
museums  in  towns,  villages,  and  all  parte 
of  the  country ;  and,  in  proportion  as  science 
is  extended,  and  the  number  of  rational  in- 
quirers and  experimenters  is  increased,  may 
we  expect,  that  new  facts  will  be  elicited  from 
the  system  of  nature,  and  new  inventions 
brought  to  light  for  the  improvement  of  the 
social  state  of  mankind.  The  sums  wasted 
in  extravagance  and  luxury,  in  gambling, 
horseracing,  and  hounding,  or  hoarded  for 
the  purpose  of  gratifying  a  covetous  pro- 
pensity, might,  when  applied  in  this  way^ 
draw  forth  the  latent  sparks  of  genius,  and 
prove  a  powerful  stimulus  to  inventions  and 
enterprises,  which  might  contribute  to  the 
advancement  of  society,  and  to  the  counter- 
action both  of  physical  and  moral  evil. 

5.  The  progress  of  Christianity  through 
the  world  vjould  he  rapidly  promoted.,  were  the 
inordinate  love  of  wealth  thoroughly  subdued. 

It  is  evident,  from  the  general  tenor  of  the 
Scriptures,  and  particularly  from  the  writings 
of  the  prophets,  that  the  blessings  of  salvation 
are  intended  to  be  enjoyed  by  all  the  nations 
of  the  world.  "It  is  a  light  thing,"  (saith 
God,  when  addressing  Messiah,)  'Hhat  thou 

*  A  scientific  gentleman,  of  very  limited  in- 
come, had,  for  severaJ  years,  devoted  a  consider- 
able portion  o*'  his  time  in  experiments,  tending 
to  prove,  that  a  beautiAil  and  permanent  li^ht 
may  be  obtained  from  electricity,  and  has  already 
exhibited  an  apparatus  and  experiments  on  a 
small  scale,  which  prove,  that  the  object  intended 
is  likely  to  be  effected,  could  funds  be  procured  to 
encourajre  the  injsenioiis  and  perseverinc;  inven- 
tor, and  enable  him  to  go  forward  with  his  experi- 
ments on  a  larger  scale.  A  nobleman  in  the  neifrh- 
bourhood,  distiniruiyhed  for  his  "liberal  politics," 
lately  paid  a  visit  to  the  inventor,  and  was  crati- 
fied  in  witnessing  some  of  the  experin)ent3.  Ho 
told  him  to  persevere,  and  if  the  plan  snccepd^ul, 
as  was  expected,  he  would  have  his  mansion  illu- 
minated by  this  electrical  light,  Rut  although  he 
must  have  known  that  the  inventor's  income  was 
extremely  limited,  and  that  he  must  have  denied 
himself  most  of  the  comforts  of  life,  from  having 
laid  out  so  much  expense  in  conducting  his  experi- 
ments, h^  never  thought  of  saying  to  him,  "I'll 
give  you  a  htindred  guineas  to  enable  you  to  per- 
fect your  ifivention,  "and  to  bring  it  forth  for  the 
good  of  mankind  ;"  although  he  could  well  afinrdl 
it,  and  has,  doubtless,  spent  ten  times  that  suns 
for  a  worse  purpose  .Such,  however,  is  f}>e  con- 
duct of  avarice,  combined  with  IndifTerence  t« 
the  pronifMJon  of  the  good  of  society. 
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eliouldsl  be  my  servant  to  raise  up  the  tribes 
of  Jacob,  and  to  restore  the  preserved  of 
Israel,  /  will  also  give  thee  for  a  light  to  the 
Gentiles,  that  thou  mayest  he  iniy  salvation 
to  the  ends  of  the  earths  Hence,  it  was 
among  the  last  instructions  that  Christ  de- 
livered to  the  apostles,  and  to  all  their  suc- 
cessors in  their  name*  "Go  ye  into  all  the 
world  and  preach  the  gospel  to  evp.ry  crea- 
ture ;  and  lo,  I  am  with  you  alway,  even  to 
the  end  of  the  world."  Notwithstanding  the 
lapse  of  1800  years  since  this  commission 
was  given  to  the  followers  of  the  Redeemer, 
it  has  only  been  very  partially  fulfilled.  Dark- 
ness still  covers  the  greater  part  of  the  earth, 
and  gross  darkness  the  people.  The  greater 
portion  of  the  vast  continents  of  Asia  and 
Africa,  a  great  proportion  of  America,  and 
even  of  the  southern  parts  of  Europe  ;  almost 
the  whole  of  Australasia,  the  immense  islands 
of  Borneo,  Sumatra,  Madagascar,  the  Kuriles, 
Japan,  and  hundreds  of  other  islands,  inha- 
bited by  miUions  of  human  beings,  still  lie 
within  the  confines  of  Pagan  darkness,  where 
scarcely  a  ray  of  Divine  light  has  yet  pene- 
trated "  to  guide"  their  benighted  inhabitants 
"  in  the  way  of  peace."  Even  in  those  na- 
tions where  the  religion  of  Jesus  is  known 
and  established,  the  inhabitants  are  not  yet 
half  christianized,  and  multitudes  "  are  perish- 
ing for  lack  of  knowledge,"  even  where  the 
sound  of  the  gospel  is  heard,  and  its  light 
shining  around  them,  for  want  of  proper 
instruction  to  arouse  their  attention. 

To  fulfil  the  commission  of  Christ,  and  to 
bring  into  effect  the  purposes  of  God  in  the 
conversion  of  the  nations,  will  therefore  re- 
quire vast  and  long  continued  exertions.  If 
our  future  movements  be  as  slow,  and  our 
energies  as  feeble  as  they  have  been  for  300 
years  past,  we  could  not  expect  to  behold  the 
glory  of  the  millennium  till  after  the  lapse  of 
two  thousand  years.  Yet  it  is  in  our  power, 
as  agents  under  the  guidance  of  the  Divine 
spirit,  to  hasten  the  approach  of  the  blissful 
era,  within  little  more  than  half  a  century,  if 
we,  at  this  moment,  arouse  ourselves  from 
apathy  and  spiritual  slumber,  and  bring  forth 
all  the  treasures  at  our  command  to  carry  for- 
ward the  enterprise.  But  without  wealth,  and 
that,  too,  to  a  vast  amount,  nothing  of  any 
great  importance  can  be  achieved.  If  the 
principle  of  covetousness  shall  still  hold  pos- 
session of  the  soul,  as  it  has  done  for  ages 
past,  and  if  even  Christians  will  entrammel 
themselves  in  the  cords  of  avarice,  and  refuse 
to  come  forward  with  that  noble  generosity 
which  becomes  their  character,  and  lay  down 
their  wealth  "  at  the  feet"  of  the  messengers 
of  salvation,  as  was  done  on  the  day  of  Pente- 
cost, our  hopes  of  the  speedy  conversion  of 
the  world  will  be  miserably  disappointed. 


What  is  all  that  has  been  done  hitherto,  in 
propagating  the  gospel,  compared  with  what 
might  have  been  done,  had  we  been  deeply 
impressed  with  the  importance  of  such  enter- 
prises, and  acted  in  the  character  of  devoted 
servants  of  the  Redeemer,  "who  count  all 
things  but  loss,"  in  comparison  o^iUe  interests 
of  his  kingdom  1  All  that  has  hither  to  been 
raised  for  missionary  purposes  within  the  last 
twenty  years,  (and  it  is  chiefly  within  this 
period  that  such  enterprises  have  been  in 
operation)  is  little  more  than  two  or  throe 
millions  of  pounds,  when  at  least  five  times 
such  a  sum  might  have  been  raised  every 
year,  had  we  been  animated  with  any  thing 
like  the  spirit  and  the  holy  zeal  oi  the  primi- 
tive Christians.  This  is  evident  from  what 
has  been  stated  in  the  preceding  chapter. 
Were  thousands  of  Christians,  on  whom  God 
has  bestowed  property  and  riches,  to  conse- 
crate— not  the  whole  of  their  estates,  as  was 
done  at  the  period  alluded  to — but  only  the 
one-half,  what  immense  sums  for  rearing  the 
spiritual  temple  might  speedily  be  raised  ! 
And  such  sums  are  almost  indispensably  re- 
quisite. We  have  a  work  of  immense  extent 
and  importance  to  accomplish.  We  require 
thousands,  and  ten  thousands  of  preachers, 
missionaries,  catechists,  linguists,  translators, 
schoolmasters,  lecturers,  and  other  labourers, 
to  be  trained  for  their  respective  departments 
of  sacred  labour.  We  require  them  to  be 
Tnore  thoroughly  trained  than  they  have  ever 
yet  been  for  the  services  to  which  the\^  are 
devoted.  It  is  not  enough  that  a  missionary, 
of  any  description,  be  a  man  of  piety,  though 
this  qualification  is  essentially  requisite.  He 
should,  if  possible,  be  a  man  of  universal 
knowledge,  having  his  mind  richly  imbued 
with  all  the  information  he  can  acquire  on 
sacred  and  civil  history,  mythology,  science 
and  art,  and  the  system  of  nature,  in  all  its 
departments ;  for  he  will  find  abundant  scope 
for  all  his  acquirements,  wherever  he  may 
labour  in  the  heathen  world,  and  particularly 
among  those  tribes  that  have  made  certain 
advances  towards  a  state  of  civilization. 
From  such  sources,  he  must  occasionally 
draw  his  illustrations  of  Divine  subjects,  and 
his  proofs  of  the  facts  and  doctrines  of  revela- 
tion ;  and  endeavour  to  make  general  know- 
ledge on  every  useful  subject,  go  hand  in 
hand  with  his  expositions  of  the  Christian  sys- 
tem. In  particular,  he  should  be  thoroughly 
acquainted  both  with  the  theory  and  practice 
of  the  most  efficient  modes  of  intellectual  and 
moral  instruction,  to  which  I  lately  alluded ; 
in  order  that  he  may  seize  on  the  first  oppor- 
tunities of  imbuing  the  minds  of  the  young 
with  general  knowledge,  and  with  the  facts 
and  principles  of  religion.  I  am  fully  con- 
vinced that  far  more  converts  will  be  made 
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from  among  the  heathen,  by  the  early  and 
judicious  instruction  of  the  young,  than  by 
preaching  to  the  adult  population,  though 
both  plans  should  be  attended  to,  and  go 
hand  in  hand.  By  arranging  a  judicious 
system  of  education  for  the  young,  we  may 
strike  at  the  root  of  those  heathenish  opinions, 
practices,  and  prejudices,  which  have  so  power- 
ful an  influence  over  adults  in  preventing  the 
reception  of  Divine  truth ;  and  have  it  in  our 
power  to  prepare  the  youthful  mind  for  listen- 
ing with  attention  to  the  truths  and  historical 
details  of  Christianity,  when  they  arrive  at 
riper  years.  Such  seminaries  would  undoubt- 
edly prove  "nursing  mothers"  to  the  church, 
from  which  the  greater  part  of  the  young 
would  come  forth  to  consecrate  themselves  to 
the  service  of  the  Redeemer,  and  to  the  pro- 
motion of  the  prosperity  of  his  kingdom. 

Now,  in  order  to  accomplish  such  objects, 
we  require  colleges  to  be  founded,  and  pro- 
fessors appointed  for  instructing  students  and 
intended  missionaries,  in  all  those  branches 
of  knowledge  with  wliich  they  ought  to  be 
acquainted.  We  require,  as  their  instructors, 
men  of  general  information,  of  talent  and 
piety,  who  will  render  their  lectures  and  other 
instructions,  as  popular  and  perspicuous  as 
possihle ;  and  who,  on  every  branch  of  science, 
will  point  out  the  moral  and  religious  purposes 
to  which  it  may  be  applied,  and  direct  their 
students  to  render  every  department  of  human 
knowledge  subservient  to  the  interests  of 
Christianity.  We  require,  that  our  mission- 
aries be  possessed  of  vigorous  mental  powers, 
and  that  they  be  instructed  in  the  best  modes 
of  infant  education,  and  that  they  actually 
practise  as  teachers  of  such  institutions,  as 
well  as  in  conducting  those  of  a  higher  order, 
that  they  may  be  quite  familiar  with  all  the 
details  connected  with  such  seminaries,  and 
be  competent  to  superintend  them  wherever 
they  can  be  established  in  heathen  countries. 
We  require  that  they  should  have  a  competent 
acquaintance  with  the  construction  of  the  in- 
struments connected  with  science,  and  modern 
improvements,  and  the  manner  of  applying 
them  to  practical  purposes,  so  that  they  may 
be  enabled  to  explain  and  exhibit  them  in  the 
countries  whither  they  are  sent,  and  to  intro- 
duce among  their  inhabitants  whatever  may 
t^ind  to  gratify  a  rational  curiosity,  or  to  pro- 
mote their  physical  comfort.  For  all  such 
purposes,  funds  to  a  considerable  extent  are 
required,  for  creating  seminaries-^for  salaries 
to  professors— for  supporting  students— for 
Bending  out  missionaries— -for  supporting 
them  for  a  season — for  apparatus  for  infant- 
schools  and  other  seminaries — ^for  books  on 
general  knowledge,  and  the  instruments  con- 
nected with  science,  husbandry,  and  the 
mechanical  arts.  And  whence  are  funds  to 
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be  supplied  if  the  spirit  of  covetousness  is 
not  counteracted  and  subdued  1 

We  have,  hitherto,  been  parsimonious  in 
the  extreme,  in  our  contributions  for  mission- 
ary purposes,  and  we  have  been  almost  equally 
parsimonious  in  the  training  and  preparation 
required  for  our  missionaries,  and  in  the 
equipment  and  encouragement  afforded  them. 
We  ought  to  serve  God,  in  all  cases,  and  in 
this  in  particular,  ^^with  our  best,"  with  the 
highest  talents,  and  the  greatest  measure  of 
acquired  knowledge  we  can  command ;  and 
with  all  the  auxiliaries  for  facilitating  the 
work  in  view,  which  Christian  wisdom  can 
devise ;  and  then  we  may  go  forth  with  confi- 
dence, trusting  in  Him  "  who  hath  the  residue 
of  the  spirit,"  that  he  will  render  our  endea- 
vours, when  conducted  with  wisdom,  success- 
ful for  promoting  the  extension  of  his  spiritual 
kingdom.  Let  Christians,  then,  seriously 
ponder  on  this  subject,  and  consider  whether 
there  be  not  an  urgent  call  addressed  to  them 
in  the  providence  of  God,  to  awake  from  their 
slumbers,  and  come  forth  with  their  treasures, 
in  a  far  more  liberal  manner  than  they  have 
ever  yet  done,  to  assist  in  rearing  the  spiritual 
temple  of  Jehovah. 

Some  years  ago,  I  was  conversing  with  a 
shrewd  and  intelligent  gentleman  on  the  sub- 
ject of  missionary  operations,  who  seemed  to 
think  that  there  was  too  much  fuss  and  bustle 
about  such  enterprises,  when  so  much  is  re- 
quired to  be  done  at  home  with  the  money 
expended  on  such  objects,  "  I  do  not  think," 
he  said,  "  that  the  heathen  are  in  so  wretched 
and  dangerous  a  state  as  many  of  our  religion- 
ists represent,  and  would  have  us  believe  ; — 
but,  if  1  really  thought,  that  they  were  perish- 
ing for  lack  of  knowledge,  and  exposed  to 
everlasting  misery  on  this  account,  and  if 
preaching  the  gospel  to  them  would  prevent 
their  destruction — then  I  admit,  that  we  all 
ought  either  to  embark  as  missionaries,  or 
sell  the  greater  part  of  our  property  in  ordet 
to  send  messengers  for  their  deliverance.  We 
ought  even  to  sell  all  that  we  have,  to  our  last 
coat,  if  such  an  object  might  thereby  be  accom- 
plished." And  does  not  every  Christian,  at 
least  theoretically,  admit  that  the  heathen 
nations  are  in  a  dangerous  situation,  as  here 
supposed,  and  exposed  to  misery  in  the  life  to 
come  1  Whatever  opinions  we  may  forin  of 
the  salvable  state  of  any  small  portion  of  the 
Pagan  world,  it  is  a  fact,  that  the  great 
majority  of  heathens,  by  the  malignant  pas- 
sions and  ferocious  tempers  they  display, 
appear  altogether  unfitted  and  unprepared 
for  the  enjoyments  of  the  celestial  world  ;  and 
consequently,  cannot  in  such  a  state,  bo  ad- 
mitted into  the  mansions  of  bliss,  and  if  their 
existence  be  prolonged,  when  they  pass  from 
this  earthly  scene,  it  mns^  of  necessity  bo  on 
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existence  connected  with  misery.  It  must, 
therefore,  be  an  object  of  the  greatest  moment 
to  embark  in  an  undertaking  which  lias  for 
its  grand  aim,  to  enlighten  "  the  people  who 
are  sitting  in  darkness  and  the  shadow  of 
death,  to  guide  their  feet  in  the  way  of 
peace,"  and  to  prepare  them  for  glory  and 
immortality.  And  although  we  were  "to 
sell  the  half  of  our  goods,"  and  devote  it  to 
such  objects,  we  should  do  no  more  than  the 
importance  and  the  eternal  consequences  of 
such  enterprises  evidently  require. 

There  is  now  a  call,  and  an  urgent  call, 
from  tribes  and  nations  in  every  quarter  of 
the  globe,  to  send  to  them  the  messengers  of 
peace  and  salvation.  "The  wilderness  and 
the  solitary  places,  the  isles  and  the  inhabitants 
thereof  are  lifting  up  their  voices"  from  afar 
to  the  people  of  Britain  and  America,  to  send 
to  them  the  revelations  of  heaven,  and  mis- 
sionaries to  expound  them.  India  alone,  at 
this  moment,  requires  at  least  a  thousand  en- 
lightened and  devoted  men  to  sow  the  seed 
of  the  Divine  word,  and  to  refresh  the  spiritual 
wilderness  of  that  vast  hieathen  territory  with 
the  streams  of  salvation.  Ethiopia  is  begin- 
ning to  stretch  out  her  hands  to  God,  and 
many  of  hei  sable  sons  are  now  waiting  for 
his  salvation,  and  hailing  the  arrival  of  the 
messengers  of  peace.  The  inhabitants  of  the 
frozen  regions  of  Greenland,  Labrador,  and 
Siberia,  are  imploring  Divine  instruction  from 
Christian  nations,  and  thousands  of  Negroes 
under  the  scorching  suns  of  the  West  Indies, 
are  ardently  longing  to  be  furnished  with  co- 
pies of  the  book  of  God.  The  Chinese  are 
now  beginning  to  inquire  after  the  Oracles  of 
heaven,  and  the  arts  and  sciences  of  Chris- 
tian nations.  Even  from  "the  ends  of  the 
earth,"  from  the  distant  barbarous  isles  of  the 
I'acific,  the  cry  is  now  heard  in  our  land, 
"  Britons,  come  over  and  help  us !"  Their 
inhabitants  are  trembling  lest  the  messenger 
of  death  should  seize  them,  before  the  ships 
that  convey  British  missionaries  appear  in  their 
horizon,  and  lest  a  sufficient  number  should 
not  arrive.  They  are  "  lifting  up  their  voices 
from  their  rocks,  and  shouting  from  the  tops 
of  their  mountains,"  in  expectation  of  the 
heralds  of  the  prince  of  peace,  and  are  ready 
to  receive  them  with  open  arms.  And  will 
Cliristians,  who  profess  to  be  infinitely  in- 
debted to  the  Redeemer  who  purchased  them 
with  his  blood — who  profess  to  regard  Salva- 
tion as  of  all  things  the  most  desirable  and 
momentous,  and  who  would  tremble  at  the 
thought  of  the  possibility  of  their  own  eternal 
destruction — will  Christians,  to  whom  God 
has  given  wealth,  suffer  their  minds  to  be  so 
governed  by  the  "mammon  of  unrighteous- 
ness," that  ihey  will  refuse  to  bring  forth  their 
fereasurcs  at  his  call,  as  the  means  of  "  deh- 


vering  those  who  are  ready  to  perish,"  and 
rescuing  their  souls  from  destruction  1  If  so, 
where  is  their  love  to  the  Saviour  1  where  is 
their  benevolence  towards  men  ?  wheie  is 
their  belief  of  the  importance  of  eternal  reali- 
ties 1  and  where  is  the  evidence  they  give 
that  they  ought  to  be  distinguished  by  the 
Christian  name  ] 

O!  into  what  a  blissful  scene  mi gbt  this 
ruin  of  a  world  yet  be  transformed,  were 
covetousness  thoroughly  subdued,  and  were 
only  those  who  profess  to  be  Christians,  to 
come  forth  with  unanimity,  and  lay  down 
their  superfluous  treasures  at  the  foot  of  the 
cross !  In  the  short  space  of  little  more  than 
half  a  century  to  come,  we  might  behold 
celestial  light  diffusing  its  radiance  over  the 
most  distant  and  benighted  regions  of  the 
globe  ;  the  idols  of  the  nations  abolished  ;  the 
savage  raised  to  the  dignity  of  his  moral  and 
intellectual  nature,  and  his  mind  adorned  with 
the  beauties  of  holiness ;  the  instruments  of 
warfare  broken  to  shivers,  and  peace  shedding 
its  benign  influence  over  the  world ;  temples 
erected  in  every  land  for  the  worship  of  the 
God  and  Father  of  our  Lord  Jesus  Christ ; 
the  minds  of  the  young  irradiated  with  Divine 
knowledge,  and  rising  up  in  wisdom,  and  in 
favour  with  God  and  man ;  the  principle  of 
crime  extirpated,  and  poverty  and  wretched- 
ness banished  from  the  earth ;  the  moral  wil- 
derness of  the  heathen  world  cultivated  and 
adorned  with  every  heavenly  virtue  and  grace : 
the  wastes  and  wilds  of  the  globe  transformed 
into  fertile  regions,  and  arrayed  in  all  the 
beauties  of  Eden ;  the  hatred  and  jealousy 
of  nations  changed  into  benevolence,  and  a 
friendly  and  harmonious  intercourse  esta- 
blished between  all  the  tribes  and  families  of 
the  earth  ! 

And  is  not  the  prospect  of  the  mere  possu 
hility  of  accomplishing  such  objects,  suffi- 
cient to  quicken  every  Christian  activity  and 
to  draw  forth  every  generous  emotion  1  more 
especially  when  we  consider  that  such  events 
are  predicted  in  the  records  of  ancient  pro- 
phecy ;  that  the  certainty  of  their  being  real- 
ized is  confirmed  by  the  declaration  and  the 
oath  of  God ;  and  that  ti  e  energies  of  the 
Divine  Spirit  are  promised  ,  o  accompany  our 
endeavours  and  to  secure  their  ultimate  suc- 
cess 1  Let  us  then,  arise  and  "  shake  our- 
selves from  the  dust" — from  the  dust  of  carnal 
maxims  and  worldly  views;  and  be  "strong 
in  the  Lord,  and  in  the  power  of  his  might." 
"  For  as  the  rain  cometh  down  and  the  snow 
from  heaven,  and  returneth  not  thither,  but 
watereth  the  earth,  and  maketh  it  bring  forth 
and  bud,  so  (saith  Jehovah)  shall  my  word 
be  that  goeth  forth  out  of  my  mouth ;  it  shall 
not  return  unto  me  void,  but  it  shall  accom- 
plish that  which  I  please,  and  it  shall  prosper  in 
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the  thing  whereto  1  sent  it."  "  I  have  sworn 
by  myself,  the  word  is  gone  out  of  my  mouth 
tn  righteousness  and  shall  not  return,  that 
wnto  me  every  knee  shall  bow  and  every 
tongue  shall  swear.  For  Zion's  sake  I  will 
not  hold  my  peace,  till  the  righteousness 
thereof  go  forth  as  brightness,  and  the  salva- 
tion thereof  as  a  lamp  that  burnetii.  And 
the  Gentiles  shall  see  thy  righteousness  and 
all  kings  thy  glory.  For,  behold  I  create  new 
heavens  and  a  new  earth,*  and  the  former 
shall  not  be  remembered  nor  come  to  mind. 
But,  be  ye  glad  and  rejoice  for  ever  in  that 
which  I  create  ;  for,  behold,  I  create  Jerusalem 
a  rejoicing,  and  her  people  a  joy.  And  there 
shall  be  nothing  to  hurt  or  destroy  in  all  my 
holy  mountain,  saith  the  Lord."f 

6.  We  might  expect  the  speedy  arrival  of 
the  raillennial  era,  were  a  spirit  of  Christian 
generosity  universally  to  prevail. 

To  this  topic  I  have  already  had  occasion 
to  allude,  particularly  in  the  preceding  section, 
and  I  shall  therefore  offer  only  a  few  addi- 
tional remarks. 

That  a  period  is  about  to  arrive  when  the 
physical  and  moral  condition  of  the  human 
race,  is  to  be  greatly  meliorated,  when  the 
ignorance  and  idolatry  of  the  heathen  world 
are  to  be  abolished,  and  when  Divine  truth 
shall  extend  its  influence  over  all  nations,  is 
clearly  predicted  in  the  writings  of  the  Jewish 
prophets.  In  these  writings  it  is  declared, 
tbat  "  the  glory  of  Jehovah  shall  be  revealed, 
and  all  flesh  shall  see  it  together'''' — that  "  all 
the  ends  of  the  earth  shall  remember  and  turn 
to  the  Lord" — that  ^Hhe  earth  shall  be  full 
of  the  knowledge  of  the  Lord  " — that  "  Jeho- 
vah shall  make  bare  his  holy  arm  in  the  eyes 
of  all  the  nations,  and  all  the  ends  of  the 
earth  shall  see  the  salvation  of  our  God" — 
that  "  the  heathen  shall  be  given  to  the  Re- 
deemer for  his  inheritance,  and  the  uttermost 
parts  of  the  earth  for  his  possession" — that 
"  all  kings  shall  fall  down  before  him,  all  na- 
tions serve  him.  and  the  whole  earth  be  filled 
with  his  glory." 

Predictions  of  this  description,  run  through 
most  parts  of  the  i  .spired  writings,  and  are 
embodied  in  nume  jus  passages  which  we  are 
apt  to  overlook,  yarticularly  in  the  Book  of 
Psalms.     All  the  calls,  or  commands  to  praise 

*  The  "new  heavens  and  new  earth"  here 
mentioned,  evidently  denote  the  renovation  of  the 
physical,  moral,  and  spiritual  world,  at  the  period 
when  the  jrospel  shall  be  universally  extended,  by 
which,  a  change,  in  these  respects,  \\  ill  be  effected, 
which,  in  prophetic  language,  may  be  very  properly 
compared  to  a  new  creation,  on  account  of  the 
contrast  it  will  exhibit  to  the  state  of  the  world 
in  precedJHL'  ages.  That  the  passage  does  not 
refer  to  the  period  of  the  resurrection,  appears 
from  what  is  stated  in  the  sequel  of  this  chapter. 
Isaiah  Ixv. 

tlsajah  ly,  10,  II;  xlv.  23j  Ixii.  1,  2j  Jxv.  17, 
S8.  25. 
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God,  which  are  addressed  to  the  inhabitants 
of  the  world  at  large,  may  be  considered  as 
including  predictions  of  such  events ;  as  in 
the  following  and  similar  passages ;  "  Make  a 
joyful  noise  to  the  Lord  all  the  earth^m^ke  a 
loud  noise,  and  sing  praise."  "  Sing  unto  the 
Lord  a  new  song,  sing  unto  the  Lord  all  the 
earth.  Worship  the  Lord  in  the  beauty  of 
holiness,  fear  before  him  all  the  earth.  Sing 
unto  God,  ye  kingdoms  of  the  earth,  O  sing 
praises  to  Jehovah."  "  0  praise  the  Lord  all 
ye  7iations,  praise  him  all  ye  people,"  &c. 

And,  since  God  has  given  a  universal  call 
to  all  people  to  engage  in  his  service,  we  may 
rest  assured,  that  this  call  will,  at  some  future 
period,  be  universally  responded  to  by  the 
inhabitants  of  every  clime.  For  the  word 
which  has  proceeded  out  of  the  mouth  of  Je- 
hovah, shall  not  return  to  him  void,  but  shall 
accomplish  the  purposes  of  his  will.  "  His 
counsel  shall  stand,  and  he  will  do  all  his 
pleasure."  In  accordance  with  such  calls,  we 
find  likewise,  in  the  Book  of  Psalms,  many 
positive  declarations  on  this  subject.  "J// 
the  earth  shall  worship  thee,  they  shall  sing 
to  thy  name."  "  The  people  shall  praise  thee, 
O  God,  all  the  people  shall  praise  thee.  God 
shall  bless  us,  the  fields  shall  yield  their  in- 
crease, and  all  the  ends  of  the  earth  shall 
fear  him."  "  The  heathen  shall  fear  the 
name  of  the  Lord,  and  all  the  kings  of  the 
earth  thy  glory."  "  All  nations  whom  thou 
hast  made,  siiall  come  and  worship  before 
thee,  O  Lord,  and  shall  glorify  thy  name.'* 
"  All  the  kings  of  the  earth  shall  praise  the 
Lord,  when  they  hear  the  words  of  thy 
mouth."  "  From  the  rising  of  the  sun  to  the 
going  down  of  the  same,  God's  name  is  to  be 
praised."  "  Kings  of  the  earth  and  all  people, 
princes  and  all  judges  of  the  earth,  both 
young  men  and  maidens,  old  men  and  chil- 
dren, shall  praise  the  name  of  the  Lord ;  for 
his  name  alone  is  excellent,  and  his  glory  is 
above  the  earth  and  heavens."  Our  duty,  in 
reference  to  the  promotion  of  such  events,  is 
likewise  plainly  declared.  "  O  bless  our  God, 
ye  people,  and  make  the  voice  of  his  praise  to 
be  heardP  '■^Declare  his  glory  among  the 
heathen;  his  wonders  among  all  people'* 
"  1'hy  saints  shall  speak  of  the  glory  of  thy 
kingdom,  and  talk  of  thy  power,  to  make 
known  to  the  sons  of  men  his  mighty  acts, 
and  the  glorious  majesty  of  his  kingdom." 

The  above  passages,  although  there  were  no 
others  recorded  in  the  book  of  God,  on  this 
subject, — clearly  point  to  a  period,  when  the 
moral  state  of  the  world  shall  be  regenerated, 
when  persons  of  all  ranks  shall  do  homage  to 
the  Redeemer,  and  when  the  light  of  Divine 
truth  shall  shed  its  radiance  on  every  land. 
It  is  of  importance  that  a  clear  conviction  of 
the  certainty  of  such  events  should  be  deeply 
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impressed  upon  the  mind  of  every  professor 
of  religion ;  as  some  who  call  themselves 
Christians,  have  not  only  insinuated,  but 
openly  declared,  that  the  state  of  the  world 
will  never  be  much  better  than  it  is;  and, 
consequently,  that  we  need  give  ourselves 
little  trouble  in  making  exertions  for  the  re- 
generation of  society— which  is  just,  in  other 
words,  an  apology  for  indulgence  in  covetous- 
ness.  But  nothing,  I  presume,  can  be  more 
decisive,  in  reference  to  the  approach  of  the 
millennial  era,  than  the  passages  we  have 
now  quoted,  if  the  word  of  God  is  not  to  be 
deemed  fallacious. 

This  period,  we  trust,  is  now  fast  approach- 
ing ;  and  our  duty  in  reference  to  it,  is  clearly 
pointed  out !  "  declare  his  glory  among  the 
heathen,  and  his  wonders  among  all  people. 
Prepare  ye  the  way  of  the  Lord,  make  straight 
in  the  desart  a  highway  for  our  God.  0  thou 
that  brirtgest  good  tidings  to  Zion,  lift  up  thy 
voice  wiith  strength ;  lift  it  up,  be  not  afraid ; 
say  unto  the  cities  of  Judah,"  and  to  the 
tribes  of  the  heathen,  "behold  your  God." 
While  we  engage  in  our  duty  in  reference  to 
such  events,  we  have  full  assurance  of  direc- 
tion and  support  from  Him,  who  is  the  moral 
governor  of  the  world,  and  the  Supreme  dis- 
poser of  events.  When  it  is  declared  that 
"  all  the  ends  of  the  earth  shall  turn  to  the 
Lord,  and  all  kindreds  of  the  nations  worship 
before  him" — it  is  added,  "for  the  kingdom  is 
the  Lord's,  and  He  is  the  Governor  among 
the  nations."  And,  consequently,  he  can  re- 
move every  obstruction  out  of  the  way,  and 
arrange  every  event  in  such  a  manner  as  to 
facilitate  the  progress  of  Divine  truth  through 
the  world,  till,  at  length,  "  the  everlasting  gos- 
pel shall  be  preached  to  them  that  dwell  upon 
the  earth,  and  to  every  nation,  and  kindred, 
and  tongue,  and  people." 

The  only  thing  to  be  determined,  is,  whe- 
ther that  renovated  and  happy  state  of  the 
world,  which  we  call  the  millennium,  shall 
be  introduced  by  some  astonishing  miracles, 
such  as  happened  at  the  creation,  and  the 
deluge  ;  or,  by  the  agency  of  Christian  men 
under  the  influence  of  the  Divine  spirit,  de- 
voting all  their  talents,  energies,  and  treasures, 
to  the  accomplishment  of  this  object.  For 
the  former  supposition,  I  know  no  arguments 
grounded  either  on  reason,  or  the  dictates  of 
revelation. 

To  suppose  the  Almighty,  to  interpose  by 
such  miracles  to  accomplish  such  events, 
would  be  contrary  \'i  every  thing  we  know  of 
the  principles  of  the  Divine  government,  or 
of  its  operations  during  the  lapse  of  more  than 
four  thousand  years.  At  the  introduction, 
indeed,  of  the  New  Testament  economy,  mi- 
racles were  wrought  by  Jesus  Christ,  to  de- 
monstrate to  the  world  his  Messiahship,  and  a 


similar  power  was  conferred  on  his  ApostJesj, 
to  convince  their  hearers,  wherever  they  tra- 
velled, that  they  were  the  messengers  of 
heaven,  and  that  they  had  authority  for  the 
truths  they  declared.  But  no  miraculous 
change  was  efiected  in  the  general  order, 
either  of  the  physical  or  the  moral  world.  It 
might  be  asserted,  v^ithout  fear  o^  contradic- 
tion, that,  throughout  the  whole  train  of  the 
Divine  dispensations  towards  our  world,  there 
ivas  never  a  miracle  performed  to  accomplish 
any  object,  when  that  object  could  have  been 
effected  in  consistency  with  the  established 
laws  of  nature. 

Now,  men,  "  as  workers  together  with 
God,"  are  adequate  to  accomplish  all  that  is 
predicted  respecting  the  happiness  and  glory 
of  the  millennial  era,  provided  they  arouse 
themselves  to  holy  energy  and  activity,  and 
are  williis^g  to  consecrate  their  mental 
powers,  and  their  worldly  riches  to  the  pro- 
motion of  this  noble  object.  Besides,  were  the 
millennium  to  be  introduced  by  a  sudden  mi- 
racle, it  would  deprive  the  saints  of  God,  both 
of  the  honour  which  will  be  conferred  upon 
them,  in  being  instruniental  in  preparing  the 
way  for  its  arrival,  and  of  the  happiness  they 
will  feel  in  beholding  the  Divine  plans  gra- 
dually accomplishing,  and  their  own  exertions 
crowned  with  success. 

For,  since  the  physical  and  moral  state  of 
the  world  has  been  deranged  by  the  sin  of 
man,  and  since  God  in  his  mercy  has  deter- 
mined to  effect  its  regeneration,  it  ought  to 
be  considered  as  a  high  honour  conferred 
upon  his  people,  that  he  has  been  pleased  to 
select  them  as  agents  in  accomplishing  his 
benevolent  designs;  and  all  who  are  "right 
hearted  men,"  will  enrol  themselves  in  the 
service  of  the  Redeemer,  as  Christian  heroes, 
to  increase  the  number  of  his  subjects,  and  to 
extend  his  kingdom  over  the  world  ;  and  to 
this  service,  they  will  account  it  their  greatest 
happiness  to  devote  all  their  wealth  and  trea- 
sures. "  This  honour  have  all  the  saints  ;" 
and  it  is  to  be  hoped,  they  will  now  come 
forward,  with  cheerfulness,  and  alacrity,  in 
numerous  bands,  casting  their  treasures  at  his 
feet,  "  and  give  him  no  rest  till  he  establish, 
and  till  he  make  Jerusalem  a  praise  in  the 
earth." 

If,  then,  it  be  admitted,  that  the  millennium 
will  be  ushered  in  by  the  exertions  of  the 
friends  of  the  Redeemer,  in  conjunction  with 
the  agency  of  the  Spirit  of  God  ;  the  most 
energetic  means  ought  now  to  be  employed, 
and  with  unremitting  activity,  in  order  to  ae- 
complish  this  desirable  end.  And,  as  those 
means  involve  a  consecration  of  a  far  greater 
portion  of  wealth  than  has  ever  yet  been  de- 
voted to  the  service  of  God,  the  principle  of 
covetousness,   in  all  the  shapes  it  assu  nts, 
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must  be  almost  completely  extirpated,  and  and  employed  in  such  operations,  no  waat  of 
new  principles  acted  upon,  in  relation  to  the  real  comfort  would  be  felt,  but  on  the  con 
appropriation  of  riches,  before  we  can  expect  trary,  a  degree  of  rational  and  sensitive  en- 
to  behold  those  arrangements  going  forward,  joyment,  far  superior  to  what  has  ever  been 
which  are  requisite  to  bring  about  this  "  con-  experienced  in  the  world, 
summation  so  devoutly  to  be  wished."  Chris-  It  was  ^ately  stated,  in  some  of  our  periodi- 
tians  may  wish,  and  hope,  and  pray  with  cals,  that  there  are  in  and  about  London, 
apparent  fervour,  for  the  coming  of  the  king-  about  two  or  three  hundred  individuals,  whose 
dom  of  Christ,  and  the  glory  of  the  latter  fortunes,  combined,  would  be  nearly  sufficient 
days — they  may  profess  to  celebrate  his  death,  to  pay  off  the  whole  of  our  National  debt, 
to  celebrate  his  praise,  and  may  make  a  great  now  amounting  to  above  £800,000,000. 
stir  and*  bustle  about  adhering  to  his  cause  What  would  the  half,  or  even  the  tenth  part 
and  testimony  ;  but  unless  they  put  their  of  such  wealth  not  accomplish,  were  it  applied 
hands  in  their  pockets  to  supply  the  means  in  consistency  with  the  dictates  of  reason  and 
requisite  for  accomplishing  the  benevolent  religion  1  But  where  do  we  ever  find  such  an 
purposes  of  God,  our  expectations  of  the  near  appropriation  of  such  abundant  riches  ]  Is  it 
arrival  of  the  millennium  will  be  frustrated  ;  not  a  proof,  or  something  approximating  to 
and  their  conduct  can  be  considered  as  only  a  it,  that  we  might  be  characterized  rather  as  a 
mockery  of  God,  while,  under  profession  of  nation  of  atheists  and  infidels,  than  as  a  nation 
serving  him,  "  their. hearts  are  still  going  after  of  Christianas,  when  so  little  of  our  national 
their  covetousness."  wealth  flows  into  Christian  and  philanthropic 

The  arrangements  requisite  for  preparing  channels'?  Let  us  no  longer  boast  of  Britain 
the  way  for  the  approach  of  the  millennium,  being  by  way  of  eminence  a  Christian  land, 
have  already  been  stated  in  the  preceding  till  we  display  more  Christian  principle  in  our 
sections.  actions,  and  a  more  noble  spirit  of  Christian 

Abundant  provision  requires  to  be  made  to  liberality  than  we  have  done  for  ages  past 
}>romote  the  external  comfort  of  the  poor,  aiid  If  we  wish  to  lay  claim  to  this  sacred  name, 
other  ranks  of  society  ;  many  physical  evils  let  us  show  by  our  Christian  virtueS;  our 
require  to  be  remedied  ;  improvements  of  every  Christian  generosity,  and  our  heavenly  aims, 
description  carried  forward  ;  the  wastes  and  that  we  are  entitled  to  this  distinguished  ap- 
deserts  of  the  earth,  cultivated  and   adorned  ;    pellation. 

old  cities  and  towns  cleared  of  every  nuisance  ;  For  raising  such  contributions  as  those  to 
and  new  towns  and  villages  erected  on  spa-  which  I  allude — I,  in  the  mean  time,  look  to 
cious  and  improved  plans,  adapted  to  health.  Christians  alone,  and  not  to  nations  or  com- 
cheerfuhiess,  and  comfort.  Seminaries  require  munities,  that  have  assumed  that  name.  As 
to  be  established  for  the  instruction  of  all  for  those  who  are  governed  by  carnal  max- 
ranks,  in  every  department  of  knowledge,  con-  ims,  and  the  fashion  of  the  world,  we  might 
nected  with  the  life  that  now  is,  and  the  Me  as  soon  attempt  to  control  the  laws  of  nature, 
to  come,  without  which  the  foundations  of  or  to  reason  with  the  tornado,  or  the  whirl- 
the  millennial  state  cannot  be  laid.  All  the  wind,  as  to  expect  that  any  arguments,  how- 
useful  arts  and  sciences  must  be  promoted  ever  powerful,  will  make  the  least  impression 
and  carried  tov/ards  perfection,  as  auxiliaries  on  their  hearts,  or  induce  them  to  alter  the 
to  the  extention  of  the  gospel  and  the  renova-  conduct  they  have  hitherto  pursued. 
tion  of  the  world.  Missionary  enterprises  But,  I  trust,  that  amidst  all  the  apathy  that 
must  be  carried  on  with  more  vigour,  and  on  prevails  m  regard  to  this  subject,  there  are 
a  scale  far  more  extensive  than  they  have  still  many  thousands  in  our  land,  who  only 
ever  yet  been,  before  we  can  expect  to  behold  require  to  have  th(  '*:  iutv  clearly  set  before 
the  dawnings  of  the  millenial  glory.  them,  in  order  to  excite  them  to  the  noblest 

In  order  to  accomplish  such  objects,  it  is  displays  of  Christian  beneficence.  And,  if 
evident,  that  vast  resources  of  wealth  are  ab-  they  were  once  aroused  to  devote  their  wealth, 
solutely  requisite  ;  resources  a  hundred  times  to  the  cause  of  the  Redeemer,  and  to  come 
greater  than  have  hitherto  been  consecrated  boldly  forward  as  Christian  heroes,  in  the 
to  the  service  of  God,  and  the  benefit  of  man.  face  of  the  world,  "  counting  all  things  but 
But,  I  have  already  shown,  that  we  have  loss,"  in  comparison  of  the  prosperity  and  ex- 
wealth  adequate  to  every  purpose  now  sug-  tension  of  Messiah's  kingdom — their  example, 
gested,  if  we  choose  to  employ  it  in  such  I  doubt  not,  would  prove  a  powerful  stimulus 
achievements.  Instead  of  a  quarter  of  a  rail-  to  thousands  of  Christians  in  other  parts  of 
li(m,  we  might  raise  fifty,  or  even  a  hundred  the  world,  to  embark  in  the  same  glorious  un- 
millions  of  pounds  annually,  to  promote  the    dertaking. 

extension  of  the  Messiah's  kingdom,  the  im-        It  is  strange,  it  is  passing  strange— it   is 
provement  of  society,  and  the  regeneration  of    passing  wonderful!     that    Christians   should 
the  world.     And.  while  such  sums  are  raised,    have  been  so  long  sunk  into  a  state  of  apathy 
(312) 
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«n  8uch  a  subject,  and  that  they  should  never 
yet  have  come  forward  with  treasures  corre- 
sponding to  their  high  and  heavenly  charac- 
ter, and  to  the  greatness  of  the  work  they  are 
called  upon  to  achieve.  Had  God  commanded 
u«  to  forsake  houses  and  lands,  and  friends, 
and  country — to  sell  all  that  we  have,  and 
devote  it  to  his  service,  and  to  depend  every 
day  for  our  sustenance  on  whatever  his  provi- 
dence might  supply,  it  would  have  been  our 
duty  cheerfully  to  have  acquiesced  in  such  an 
arrangen\ent,  in  gratitude  for  the  spiritual 
benefits  he  had  conferred  ;  "  for  the  sufferings 
of  the  present  time  are  not  to  be  compared  " 
with  the  glories  of  futurity.  But  when  he 
requires  from  us  only  the  superfluities  of  our 
^flj-ealth,  which  are  not  essential  to  our  com- 
fort, and  wliich  are  generally  devoted  to  "  the 
lust  of  the  eye,  and  the  pride  of  life,"  why 
should  we  hesitate  a  moment  to  devote  all 
v/e  can  spare  from  moderate  personal  enjoy- 
ment, to  the  service  of  the  Most  High  1  Is  it 
consistent  with  a  man's  being  a  Christian, 
indeed,  and  in  truth,  to  hesitate  for  any  length 
of  time  on  this  subject '?  Were  Christ  now 
h)  demand  of  wealthy  Christians  what  he  once 
demarijded  of  the  young  man  who  came  to  in- 
quire the  way  to  eternal  life,  "  Go  sell  all  that 
thou  hast  and  give  to  the  poor,  and  come  and 
take  up  thy  cross  and  follow  me,"  how  would 
many  of  them  reply  to  such  an  injunction  1 
We  are  in  the  habit  of  condemnirig  the  choice 
of  this  rich  man,  in  having  his  heart  so  much 
glued  to  the  world,  and  in  preferring  tern- 
p07'al  enjoyments  to  eternal  realities.  But 
let  me  ask,  how  many  British  professing 
Christians,  were  the  same  requisition  ad- 
dressed to  them,  would  act  in  a  different  man- 
ner 1  And,  if  there  be  any  who  can  lay  their 
hands  upon  their  hearts,  and  say,  as  in  the 
presence  of  God,  that  they  would  be  willing 
"  to  forsake  all  "  at  his  command,  let  them 
now  come  forth,  in  the  face  of  the  church  and 
the  world,  and  consecrate  to  the  service  of  the 
Redeemer,  all  that  they  can  possibly  spare  in 
consistency  with  rational  enjoyment. 

Let  none  imagine  that  the  views  now  stated 
are  Utopian,  or  inconsistent  with  reason  or 
revelation.  To  accomplish  every  object  which 
has  been  adverted  to,  we  require  nothing 
more  than  the  faculties,  and  the  wealth  which 
now  exist  in  society.  The  only  desideraium 
lies  in  the  human  will.  Will  men  come  for- 
ward with  all  their  energies  and  riches  in  this 
glorious  cause  1  Secure  the  co-operations  of 
the  human  lulll,  and  I  should  have  no  fear  of 
the  grand  result,  nor  of  any  arguments  that 
could  be  brought  forward  to  show  its  imprac- 
ticability. I  defy  any  believer  in  revelation 
to  prove  that  the  grand  objects  alluded  to  are 
Impracticable,  Is  it  impracticable  to  cultivate 
barren  wastes,  and  to  turn  the  wilderness  into 
40 


fruitful  fields  ?  Have  not  Britain  and  the  East- 
ern States  of  America  been  cleared  of  their 
ancient  forests,  and  been  trPxnsformed  into 
gardens  and  cultivated  plains'!  and  where 
savages  once  roamed  among  caves  and 
thickets,  are  there  not  splendid  cities,  palaces, 
temples,  and  seats  of  learning  every  where  to 
be  seen  1  Is  it  impracticable  to  ai  range  and 
establish  a  system  of  moral  and  intellectual 
instruction  for  all  ranks  of  men  ]  Are  there 
not  thousands  of  seminaries,  both  in  Europe 
and  America,  and  milhons  receiving  instruc- 
tion at  them,  where,  a  century  ago,  no  such 
institution  existed  1  Is  it  impracticable  to 
convert  savage  nations  to  the  Christian  faith, 
and  to  bring  them  into  a  state  of  civilization 
and  social  comfort  1  Have  not  thousands  and 
ten  thousands  of  rude  Hottentots,  and  the 
idolatrous  savages  of  the  Isles  of  the  Pacific, 
been  turned  from  heathen  darkness,  to  the 
light  of  the  gospel,  and  raised  from  a  state  of 
degradation,  to  the  enjoyment  of  the  blessings 
of  civilized  life,  withm  the  course  of  the  last 
thirty  years  ?  In  such  instances,  we  behold  at 
least  Si  partial  accomplishment  of  the  objects 
to  which  we  allude ;  and  on  the  principle 
that  "  whatever  man  has  done,  man  ma^y  do,^* 
it  requires  nothing  more  than  an  indefinite 
increase  of  the  same  energies  we  have  already 
put  forth,  and  a  greater  proportion  of  wealth  to 
assist  in  carrying  forward  such  energies,  in 
order  to  bring  into  effect  every  thing  requisite 
for  the  regeneration  of  the  world. 

Above  all,  can  we  say,  that  it  is  imprac- 
ticable to  bring  about  what  God  has  positively 
declared  shall  be  realized  in  our  world  ?  He 
hath  given  forth  his  decree,  and  "  sworn  by 
his  holiness,"  and  "by  the  right  hand  of  his 
strength,"  to  secure  its  accomplishment — that 
"the  whole  earth  shall  be  filled  with  his 
glory,  and  all  flesh  see  it  together" — that 
"  the  heathen  shall  fear  the  name  of  the  Lord, 
and  all  things  of  the  earth  his  glory" — that 
"  there  shall  be  nothing  to  hurt  or  destroy,  in 
all  his  holy  mountain  " — and  that  "  righteous- 
ness and  praise  shall  spring  forth  before  all 
nations."  And  we  know,  that  "  his  counsel 
shall  stand,  and  he  will  do  all  his  pleasui-e," 
for  "the  kingdom  is  the  Lord's,  and  he  is  the 
Governor  among  the  nations,"  and  "  all  his 
saints  are  in  his  hand,"  as  instruments  to 
execute  his  designs. 

Shall  it  then  be  said,  that  the  ph^^sical  and 
moral  renovation  of  the  world  is  impracticable  1 
or  that  it  is  impossible  to  raise  a  hundred  mil- 
lions of  pounds,  every  year,  for  such  an  object, 
when  no  less  thnn  jfifty  millions  are  annually 
expended  in  Great  Britain  and  Ireland  for 
ardent  spirits  alone.  It  is  calculated,  that 
there  are  in  the  British  metropolis  alone, 
upwards  of  one  hundred  thousand  confirmed 
dram-drinkers,  who  drink,  on  an  average,  two 
2D  (313) 
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glasses  of  spirits  a  day,  which  allowing  only 
l^d.  per  glass,  makes  £1250  daily  spent 
m  dram-drinking,  which,  in  a  single  year, 
amounts  to  the  enormous  sum  of  £456,250, 
or  nearly  half  a  million  of  pounds,  which  is 
nearly  double  of  what  is  contributed  by  all 
the  Bible  and  Missionary  Societies  of  Britain. 
And  shall  less  than  the  twelfth  part  of  the 
population  of  London  spend  such  an  enor- 
mous sum  in  such  vicious  and  degrading 
practices,  and  shall  the  whole  inhabitants  of 
Britain  not  raise  the  one-half  of  it  for  pro- 
moting the  most  glorious  and  important  object 
to  which  our  aims  can  be  directed  1  A  most 
glaring  deficiency  in  Christian  principle  and 
liberahty  must  exist,  where  such  incongruities 
occur;  and,  it  is  now  more  than  time  for 
Christians  to  ask  themselves,  what  they  have 


been  doing  with  their  money.  A  laboim^f 
dram-drinker  can  devote  two  shillings  a  week^ 
or  nearly  five  guineas  a  year,  to  his  demo- 
ralizing habits,  while  a  wealthy  Christian, 
with  five  times  his  income,  contents  himself, 
perhaps,  with  the  contribution  of  a  single 
guinea,  or  even  less,  for  promoting  the  king, 
dom  of  Christ,  and  the  eternal  salvation  of 
men  !  Such  an  inconsistency  ought  no  longei 
to  exist  among  those  who  assume  the  Christian 
name.  Let  them  either,  take  their  stand  at 
once,  among  the  men  of  the  v^'orld,  who 
attempt  to  serve  both  God  and  mammon,  or 
come  forward  like  noble  champions  of  the 
cross,  and  consecrate  to  the  honour  of  God, 
treasures  worthy  of  the  sublime  and  glorious 
undertaking,  which  they  are  called  upon  to 
achieve. 


CHAPTER   VIL 

On  the  Means  to  be  employed  for  the  counteraction  of  Covetoustiess, 


Etert  improvement  in  society  is  brought 
about  by  exertion,  and  by  the  diligent  use  of 
those  means  which  are  best  calculated  to  pro- 
mote the  end  intended.  Christianity  was  in- 
troduced into  the  world,  and  rapidly  extended 
over  many  nations,  by  the  unwearied  labours 
of  the  apostles,  who  travelled  into  remote 
countries,  submitting  to  numerous  hardships, 
dangers,  and  privations,  and  "counted  not 
their  lives  dear  to  them,  so  that  they  might 
testify  the  gospel  of  the  grace  of  God,"  and 
promote  the  salvation  of  men.  Had  the  same 
holy  ardour  which  animated  those  first  am- 
bassadors of  the  Prince  of  Peace,  been  dis- 
played by  their  successors,  the  world  would 
have  l>een  in  a  very  different  state  from  that 
in  which  we  now  behold  it.  It  is  owing  to 
our  apathy  and  inactivity  a«  Christians,  that 
so  many  immoralities  and  unholy  principles 
are  to  be  found  displaying  their  baneful  effects 
around  us,  and  that  so  little  has  been  done  for 
the  advancement  of  society,  and  the  evan- 
gelization of  heathen  nations.  If  we  wish 
to  behold  a  work  of  reformation  going  for- 
ward, and  Zion  beginning  to  appear  "beau- 
tiful and  glorious  in  the  eyes  of  the  nations," 
we  must  arouse  ourselves  from  our  indolence, 
and  seize  upon  every  means  by  which  vice 
and  every  malignant  principle  may  be  coun- 
teracted and  thoroughly  subdued.  And  as 
covetousness  lies  near  the  foundation  of  most 
of  the  evils  connected  with  general  society, 
and  with  a  profession  of  Christianity,  it  be- 
comes us  to  use  every  rational  and  Christian 
mean,  which  may  have  a  tendency  to  crush 
its  power,  and  to  promote  the  exercise  of 
Qoposite  affections.  Some  of  the  means  by 
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which  this  unholy  principle  may  be  subdued, 
have  already  been  alluded  to,  and  embodied 
in  the  form  of  motives  and  arguments  ad- 
dressed to  the  consciences  of  professors  of 
religion,  In  addition  to  these,  I  shall  suggest 
only  two  or  three  particulars. 

1.  Frequent  preaching  on  this  subject, 
and  occasional  public  sermons  for  the  pur- 
pose of  illustrating  it,  should  be  resorted  to 
for  the  purpose  of  counteracting  this  malig- 
nant affection. 

There  is,  perhaps,  no  mode  by  which  so 
powerful  an  impression  may  be  made  on  any 
subject,  on  the  minds  of  Christians  in  general, 
as  by  the  viva  voce  discourses  of  a  respected, 
eloquent,  and  enlightened  preacher,  especially 
if  his  discussions  be  enhvened  by  vivid  repre- 
sentations of  sensible  objects,  and  appeals  to 
striking  facts  connected  with  his  subject. 
Suck  appeals  can  scarcely  be  altogether  re- 
sisted by  persons  impressed  with  religious 
principle ;  and  it  is  to  be  regretted  that  Chris- 
tians have  not  more  frequently,  in  this  way, 
been  stirred  up  to  a  performance  of  their  duty. 
Nor  ought  it  to  be  considered  as  deviating 
from  the  preaching  of  the  gospel,  when  such 
subjects  are  introduced  into  the  pidpit.  For 
they  are  intimately  connected  with  the  pro- 
gress of  Divine  truth ;  and  the  gospel  can 
never  extensively  take  effect,  nor  its  princi- 
ples be  fully  acted  upon  in  Christian  society, 
till  such  subjects  be  pointedly  and  publicly 
brought  forward,  and  undergo  the  most  seri- 
ous and  solemn  consideration.  But  it  requires 
to  be  carefully  attended  to,  that  no  preache? 
come  forward  publicly  to  denounce  covetous- 
ness, and  to  attempt  to  stir  up  Christians  to 
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liberality,  who  is  himself  known,  or  suspected 
to  be  under  the  hifluence  of  a  worldly  or  ava- 
ricious disposition.  The  most  vivid  represen- 
tations, and  the  most  pathetic  appeals  of  such 
a  preacher  would  only  rebound  from  the 
hearts  of  his  audience,  like  an  arrow  from 
a  wall  of  marbh'.  For  how  can  a  man  who 
is  continually  aspiring  after  wealth,  living  in 
splendour,  yet  grumbling  on  account  of  the 
smallness  of  his  income,  and  who  seldom  gives 
in  proportion  to  his  ability  to  any  philanthropic 
object ;  how  could  such  a  one  expect,  by  the 
moat  splendid  oration,  to  produce  a  deep  and 
moral  impression  upon  his  hearers  1  For  ex- 
ample, in  this,  as  well  as  in  every  other  case, 
would  have  a  more  powerful  effect  than 
precept. 

A  few  months  ago,  I  was  conversing  with 
a  gentleman  on  this  subject,  who  mentioned 
several  honourable  examples  of  liberality  con- 
nected with  the  congregation  of  which  he  is  a 
member;  some  of  whom,  who  only  occupied 
a  medium  station  in  life,  contributed  to  the 
amount  of  twenty  and  thirty  pounds  yearly 
for  public  religious  purposes,  so  that  the 
whole  congregation  raised  £500  or  £600 
annually,  for  missionary  and  other  purposes, 
besides  the  regular  maintenance  of  the  gospel 
among  themselves.  His  minister,  he  said, 
maintained  the  principle,  that  every  Christian 
should,  at  least,  devote  the  one-tenth  of  his 
income  for  religious  purposes.  I  asked  him 
the  amount  of  the  minister's  stipend,  and  was 
informed  that  it  was  at  least  £450  per  annum. 
I  then  inquired  if  his  minister  set  an  example 
to  his  hearers,  and  by  acting  in  accordance 
with  his  owif  principle,  and  if  it  was  a  fact 
that  he  devoted  £45  per  annum  to  religious 
and  philanthropic  objects  1  The  reply  was, 
"  I  am  sure  he  does  not."  "  To  what  amount, 
then,  does  he  contribute  for  such  purposes  1" 
"  About  eight  or  ten  pounds  annually,  at  the 
utmost."  "  If  this  be  the  case,"  I  replied,  "  I 
should  scarcely  have  had  the  effrontery  to 
inculcate  such  a  principle  upon  others;"  and 
I  was  given  to  understand,  that,  in  this  case, 
the  discrepancy  between  his  conduct  and  the 
principle  admitted,  was  beginning  to  be  par- 
ticularly marked.  Why  should  ministers, 
particularly  those  who  have  handsome  in- 
comes, consider  themselves  as  exceptions  to  a 
general  rule?  If  they  do  not  set  an  example 
of  liberality  in  their  conduct,  all  their  instruc- 
tions on  this  point  will  go  for  nothing,  and  be 
only  as  "  a  sounding  brass  or  tinkling  cymbal." 

2.  Christian  churches  should  strictly  inves- 
tigate the  conduct  of  their  members,  in  relation 
to  the  portion  of  wealth  they  devote  to  religious 
objects. 

Those  members  of  a  Christian  church 
whose  incomes  ire  generally  known,  and  who 
are  remiss  on  this  point,  ought  to  be  calmly 


reasoned  with  as  to  their  duty  in  this  respect, 
on  scriptural  grounds,  and  in  accordance  with 
the  principles  and  obligations  they  admit  as 
Christians.  And  if  they  obstinately  resist 
every  argument  and  admonition  addressed  to 
them,  and  refuse  to  give  a  fair  proportion  of 
their  substance  to  the  service  of  Him  from 
whom  they  derived  it,  they  ought  to  be  sus- 
pended from  the  peculiar  privileges  of  Chris- 
tian society.  The  church  of  Christ  has  un- 
doubtedly a  right  to  take  cognizance  of  its 
members,  as  to  this  point,  as  well  as  when 
they  are  chargeable  with  a  breach  of  duty  in 
any  other  respect,  or  found  guilty  of  a  direct 
violation  of  the  laws  of  God.  We  are  too 
apt  to  imagine  (and  custom  has  !ong  sanc- 
tioned the  opinion)  that  the  censures  of  the 
church  are  only  to  be  inflicted  on  those  who 
are  guilty  of  what  the  world  terms  scandals  ,• 
and  many  professors  of  religion  are  thus  led 
to  consider  themselves  as  acting  a  dutiful  part 
in  Christian  society,  if  no  such  scandals  can 
be  proved  against  them.  But  the  non-per- 
formance of  duty  is  equally  sinful,  and  as 
regularly  denounced  in  scripture,  as  the  direct 
commission  of  vicious  actions.  "  If  thou  for- 
bear to  deliver  them  that  are  drawn  unto 
death,  and  those  that  are  ready  to  be  slain ; 
doth  not  He  who  pondcreth  the  he^rt  con- 
sider it] "  "Whoso  hath  this  world's  good, 
and  seeth  his  brother  have  need,  and  shutteth 
up  his  bowels  of  compassion  from  him,  bow 
dwelleth  the  love  of  God  in  him'?"  The 
unprofitable  servant  who  hid  his  talent  in  the 
earth,  is  not  accused  of  drunkenness,  unclean- 
ness,  licentiousness,  or  any  similar  crime,  yet, 
because  he  misimproved  the  talent  committed 
to  his  trust,  he  is  doomed  to  the  same  punish- 
ment as  the  most  flagrant  workers  of  iniquity. 
"  Cast  ye  the  unprofitable  servant  into  outer 
darkness,  there  shall  be  weeping  and  gnash- 
ing of  teeth."  It  is  by  the  regular  perform- 
ance of  duty,  more  than  by  freedom  from 
vicious  practices,  that  the  reality  of  Christian 
principle  is  displayed.  There  is,  perhaps, 
nothing  that  brings  a  man's  Christian  cha- 
racter to  a  more  decisive  test,  both  to  his  own 
conscience,  and  in  the  eyes  of  others,  than  the 
circumstance  of  his  voluntarily  and  perse- 
veringly  devoting  a  fair  proportion  of  his 
wealth  to  the  service  of  God,  and  the  benefit 
of  mankmd.  A  worldly-minded  man  may 
continue  for  a  considerable  time  to  attend 
Divine  ordinances,  and  make  a  fair  profession 
of  religion,  while  no  regular  demands  are 
made  upon  his  purse ;  but  when  called  upon 
to  contribute  regularly,  at  least  the  tenth  part 
of  his  income,  it  is  more  than  probable  he 
would  display  the  latent  avarice  of  his  heart, 
by  mustering  up  a  host  of  carnal  arguments 
against  such  a  demand,  and  would  soon  take 
his  station,  where  he  ought  to  be,  among  the 
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men  of  the  world.  But,  if  a  man  of  wealth 
devote  one-third,  one-fourth,  or  even  one-tenth 
of  his  riches  to  the  cause  of  God  and  religion, 
and  act  a  consistent  part  in  other  respects,  a 
Christian  church  possesses,  perhaps,  the  most 
tangible  evidence  they  can  demand  of  such  a 
man's  religious  principle. 

There  is  a  certain  false  delicacy  which 
some  rehgious  communities  seem  to  feel  in 
meddUng  with  the  pecuniary  affairs  or  allot- 
ments of  individuals,  and  especially  of  those 
who  are  wealthy,  and  who  move  in  the  higher 
spheres  of  society.  They  are  afraid  lest  the 
pride  of  such  persons  should  be  hurt  by  such 
plain  dealing —lest  they  should  fly  off  at  a 
tangent  from  their  community,  and  lest  the 
funds  of  their  society  should  be  injured  by 
their  withdrawment.  But,  although  it  is  pro- 
per to  use  the  greatest  prudence  and  delicacy 
in  such  matters,  yet,  if  such  persons  refuse  to 
listen  to  calm  reasoning  and  scriptural  argu- 
ments and  admonitions,  they  give  evidence  of 
a  spirit  which  is  inconsistent  with  Christian 
principle  ;  and  it  is  no  honour  to  any  church 
to  have  such  enrolled  among  the  number  of 
its  members.  A  church  of  Christ  is  a  society 
whose  members  are  animated  by  holy  princi- 
ples and  affections ;  but  most  of  our  churches 
require  to  be  sifted  and  purified — to  be  puri- 
fied from  the  communion  of  those  who  are 
actuated  by  a  worldly  spirit,  and  who  have 
little  more  of  religion  than  the  name ;  and,  I 
know  no  better  external  test  that  could  be 
applied  for  this  purpose,  than  that  which  is 
stated  above.  A  church  composed  of  eighty 
"right-hearted"  Christian  men,  generous^  ar- 
dent, harmonious,  and  persevering  in  their 
efforts  to  promote  the  extension  of  Messiah's 
kingdom,  would  do  far  more  to  advance  the 
interests  of  true  religion,  than  if  they  were 
mixed  up  with  500  men  of  a  carnal  spirit, 
who  are  chiefly  guided  in  their  religious  pro- 
fessions by  the  opinions  of  the  world.  Such 
a  select  band  would  move  onward  in  harmony 
and  peace,  without  interruption  from  men  of 
proud  and  carnal  dispositions,  "  their  light 
would  shine  before  men,"  and  others  would 
"  take  knowledge  of  them  that  they  had  been 
with  Jesus,"  and  might  be  induced  to  follow 
their  example  and  walk  in  their  steps. 

As  Christian  churches  should  be  zealous  in 
inculcating  the  duty  of  liberaHty,  so  they 
ought  to  take  special  cognizance  o/acts,  and 
general  conduct  which  display  a  spirit  of 
avarice. 

When  a  church  member  has  been  found 
guilty  of  uncleanness,  of  an  act  of  drunken- 
ness or  of  pilfering  an  article  from  his  neigh- 
bour, a  hue  and  cry  is  instantly  raised ;  and 
be  is  separated  from  the  society,  or  at  least, 
brought  under  the  discipline  of  the  church. 
And  the  purity  of  Christian  communion  re- 
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quires  that  censure  should  be  inflicted  on  aU 
such  delinquencies,  and  the  offender,  if  pos- 
sible, brought  to  a  sense  of  his  guilt,  and  to 
the  exercise  of  repentance.  But,  it  is  not  a 
little  strange  and  unaccountable,  that  while 
strict  attention  is  paid  to  such  insulated  acts 
of  moral  delinquency,  which  in  some  mstancos, 
are  only  exceptions  to  the  general  character 
of  the  individuals,  and  not  habits  of  vice ; 
men  should  be  permitted  to  remain  in  the 
church,  without  the  least  censure  or  admoni- 
tion, who  are  guilty  not  only  of  acts  which 
indicate  the  predominance  of  avarice,  but  go 
on  in  a  systematic  course  of  such  conduct. 
Although  there  is  scarcely  any  thing  that  so 
clearly  designates  the  character  of  an  indi- 
vidual, as  habitual  avarice,  yet  in  many  cases, 
it  is  scarcely  considered  as  a  scandal,  because 
general  society  is  disposed  to  wink  at  it— as 
if  an  avaricious  Christian  were  not  a  contra- 
diction in  terms. 

For  example,  a  member  of  a  chnrch  be- 
comes bankrupt  and  compounds  with  his  cre- 
ditors, some  of  whom  are  poor  people,  for 
seven  shillings  in  a  pound.  He  resumes  busi- 
ness, lives  as  luxuriously  as  formerly ;  and,  in 
the  course  of  eight  or  nine  years,  purchases 
property  and  enlarges  his  domestic  establish- 
ment; but  never  thinks  of  paying  off  even 
a  fraction  of  his  former  debts,  because  he 
knows  that  the  civil  law  cannot  compel  him. 
Yet,  he  may  hold  his  places  in  Christian  so- 
ciety, and  even  in  churches  that  profess  a 
peculiar  strictness  as  to  Christian  communion. 
Take  another  example:  A  person  who  en- 
joyed a  lucrative  trade,  and  who  was  known 
to  be  possessed  of  a  certain  portion  of  ])ro- 
perty  or  wealth,  went  to  a  friend,  when  lying 
on  her  death-bed,  in  the  ahf^ence  of  her  hus- 
band,-  and,  instead  of  conversing  with  her 
on  the  important  realities  of  religion  and  the 
eternal  world — endeavoured  to  inveigle  her 
to  subscribe  an  instrument,  conveying  to  his 
family  the  whole  of  her  property ;  which 
would  have  reduced  her  husband  to  some- 
thing approaching  to  absolute  poverty,  al- 
though they  were  all  memb(;rs  of  the  same 
rehgious  community.  What  shall  we  think 
of  such  a  person  going  from  one  attorney  to 
another,*  to  endeavour  to  ascertain,  whether 

*  A  friend  of  mine  lately  informed  me,  that  when 
conversinj;  with  a  young  lawyer  of  an  upright  dis- 
position, on  a  late  occasion,  he  remarked  to  him, 
"that  he  had  never  been  so  deeply  imprej^sed  with 
the  evil  dispositions  which  abound  in  society,  as 
since  he  commenced  business  as  a  le^al  practi- 
tioner. He  had  been  applied  to  by  persons  of  all 
ranks,  and  of  almost  all  relighiu?  persuasions- -hy 
persons  who  rank  as  respectable  characters  in  so- 
ciety, for  the  purpose  of  ascertaining  whether,  by 
any  lesral  quirk  or  manoeuvre,  they  could  manage 
to  ifet  wills  altered  or  cancelled,  and  deeds  and 
contracts  broken  or  evaded,  in  order  to  enrich 
themselves  at  the  expense  of  others,  and  in  viola 
tionof  natural  justice.     So  little  mora!  and  Cliiis- 
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he  could  by  legal  means,  inflict  an  act  of  in- 
justice on  his  Christian  friend  and  brother, 
and  rob  him  of  his  worldly  substance,  and  so 
far  as  in  his  power,  reduce  him  to  a  state  of 
indigence  1  Or,  what  shall  we  think  of  one 
who  has  a  flourishing  business,  in  conjunc- 
tion with  a  certain  degree  of  wealth,  who  is 
extremely  fastidious  about  certain  disputed 
points  of  religion,  and  who  assumes  an  air  of 
peculiar  sanctity,  yet  will  condescend,  in  the 
regular  course  of  trade,  to  sell  over  his  coun- 
ter gills  of  ardent  spirits  to  emaciated  and  de- 
bauched females  and  others,  merely  for  the 
sake  of  the  paltry  gains  which  such  a  demo- 
ralizing practice  procures  T 

The  instances  of  avarice,  as  displayed 
among  members  of  the  Christian  church,  are 
so  numerous,  that  volumes  might  be  filled 
with  the  details.  What  should  we  think  of  a 
clergyman  selling  a  quantity  of  victuals  to  a 
baker;  and  finding  immediately  afterwards, 
that  prices  were  rising,  importuned  the  pur- 
chaser to  give  up  the  bargain,  under  pretence 
of  his  requiring  the  whole  of  it  for  seed — 
which  was  no  sooner  done  than  he  imme- 
diately sold  it  for  an  advance  of  several 
pounds'!  What  should  we  think  of  the 
same  individual  receiving  from  a  friend  an 
article  of  dress,  and  immediate^  offering  it 
for  sale  to  gratify  his  disposition  for  hoarding] 
pilfering  quantities  of  nails  from  the  workmen 
employed  on  his  premises — cheapening  every 
article  he  intended  to  purchase,  till  he  could 
acquire  it,  if  possible,  at .  half  its  value,  and 
manifesting  duplicity  and  falsehood  in  many 
of  his  transactions  1  Yet,  although  such  con- 
duct was  somewhat  notorious,  and  even  talked 
over  throughout  all  the  country  around,  no 
public  notice  was  ever  taken  of  it  by  the  judi- 
catories of  the  church  to  which  he  belonged. 

Many  who  make  the  most  glaring  profes- 
sion of  religion  and  are  extremely  fastidious 
in  respect  to  evangelical  views  and  orthodox 
opinions,  are  not  unfrequently  distinguished 
by  selfish  and  avaricious  dispositions.  There 
would  be  no  end  in  specifying  all  the  particu- 
lar instances,  and  circumstances  connected 
with  the  manifestation  of  covetousness,  even 
by  persons  wbo  are  continually  talking  about 
union  with  Christ,  spiritual  mindedncss,  and 
their  own  and  others*  conversions.  Some  of 
tbfjse,  and  I  state  it  with  deep  reluctance  and 
regret,  have  been  known,  on  many  occasions, 
to  practise  duplicity  and  deceit  in  many  of 
their  dealings,  in  order  to  secure  a  good  bar- 

tian  principle  is  yet  to  he  found  even  in  relisrious 
Dociety.  thnv  many  who  name  the  name  of  Christ, 
ghinkal!  is  ri','hr  if  thp  civil  law  cannot  interpose 
tn  punish  their  deceitful  and  nefarious  practices. 
A  gentleman  who  is  an  elder  in  a  Presbyterian 
church,  lately  averred  to  m(\  in  stronj?  lansnage, 
"that  no  man  shonid  he  considered  as  acting  im- 
properly r>r  nnrhristianly,  if  he  acted  in  accord- 
ance with  the  civil  lata  " 


gain  or  an  extraordinary  profit — to  traduce 
the  characters  of  their  brethren  in  order  to 
gain  a  lucrative  situation — to  injure  most 
seriously  the  pecuniary  interests  of  others  by 
not  fultilling  a  verbal  agreement,  because  the 
civil  law  could  not  compel  them — to  rob  the 
widow  and  the  fatherless,  under  the  pretence 
of  legal  right  and  power — to  condescend  to 
every  low  and  squeezing  means  of  deriving 
profits,  and  increasing"  their  riches — to  deny 
contracts  and  obligations,  when  they  could 
not  be  legally  proved — and,  when  solicited  tc 
contribute  to  a  religious  or  philanthropic  ob- 
ject, have  either  refused  with  a  sneer,  or  a 
shuffling  promise,  or  bestowed  with  a  grudge 
the  most  insignificant  sum.  Now,  it  is  not  a 
little  unaccountable,  that  such  practices  should 
be  overlooked,  especially  by  Christian  com- 
munities that  profess  a  strict  adherence  to  the 
principles  and  precepts  of  the  New  Testa- 
ment. Yet  it  is  a  fact,  that  all  the  cases  I 
have  now  stated,  or  alluded  to  —  nlthough 
some  of  them  excited  the  attention  and  repro- 
bation of  a  few  individuals,  were  never  thought 
worthy  of  being  brought  under  the  discipline 
of  the  church.  There  is  an  indifference,  and 
a  bluntness  of  moral  perception  among  the 
members  of  many  Christian  societies,  which 
pi  events  them  from  perceiving  the  malignity 
and  unscriptural  character  of  such  disposi- 
tions and  practices,  because  they  are;  not 
generally  considered  as  scandals  by  the  world 
around  them.  But,  if  we  wish  to  preserve 
purity  in  the  church,  to  promote  the  exten- 
sion of  Christianity,  to  undermine  the  spirit 
of  avarice  and  to  encourage  a  principle  of 
Christian  generosity — it  becomes  religious  so- 
cieties to  look  more  narrowly  into  the  disposi- 
tion and  practices  of  their  members,  and  by 
every  scriptural  means,  to  endeavour  to  wipe 
away  the  disgrace  which  has  been  cast  on  our 
holy  religion,  by  the  worldly-mindedness  of 
those  who  "  have  crept  in  unawares"  into  the 
bosom  of  the  church. 

3  The  churches  of  Christ  should  now  be- 
gin to  distinguish  themselves  from  other  socie- 
ties, bi/  exhihiting  to  the  world  such  displays 
of  liherality  as  Christianity  requires. 

If  we  ever  expect  to  behold  society  ad- 
vancing in  its  progress,  the  knowledge  of 
Divine  truth  rapidly  extending  through  (he 
world,  and  a  noble  generosity,  in  respect  of 
money,  displayed  for  accomplishing  such  pur- 
poses ;  it  is  to  the  church  we  must  look  iti  the 
first  instance,  to  set  an  example,  to  all  others, 
of  its  disinterested  aiid  godlike  liberality.  I'he 
true  church  is  "a  city  set  upon  an  hill ;"  it  ia 
an  object  of  attention,  and  minutely  surveyed 
by  surrounding  spectators,  many  of  whom 
have  their  eyes  directed  so  as  to  mark  its  de- 
fects, and  to  expose  the  conduct  of  its  citizens 
to  public  view.  According  to  the  aspect  it 
2  D  2  (317) 
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presents,  and  the  virtues  or  vices  displayed 
by  those  who  enjoy  its  privileges,  will  be  the 
opinion  formed  Ijy  those  who  are  without  its 
pale,  and  who  may  wish  to  enrol  themselves 
among  the  number  of  its  citizens.  It  is, 
therefore,  incumbent  upon  every  one  of  them, 
that  they  "  let  their  light  so  shine  before  men, 
that  others  may  see  their  good  works,  and 
glorify  their  Father  who  is  in  heaven."  If 
its  liglit  shine  with  brilliancy,  it  will  attract 
the  eyes  of  surrounding  spectators;  if  the 
heavenly  virtues  of  its  citizens  are  conspicuous, 
and  uniformly  displayed  in  all  their  actions 
and  arrangements,  it  will  have  a  tendency  to 
lead  them  to  inquire  into  their  principles  and 
to  join  their  society.  Now,  this  virtue  oi 
Christian  liherality  is  perhaps  one  of  the 
most  visible  and  tangible  modes  by  which 
the  light  and  efficacy  of  heavenly  truth  are 
made  manifest  to  all.  In  the  display  of  this 
Yirtue,  hypocrisy  cannot  continue  long  to 
wear  the  veil.  A  worldly-minded  man  may 
be  induced,  in  an  instance  or  two,  to  make  a 
display  of  generosity  for  the  sake  of  charac- 
ter; but  his  ruling  principles  will  soon  in- 
duce him  to  muster  up  numerous  arguments 
against  the  continuance  of  such  exertions,  and 
to  retire  from  the  field  of  Christian  benevo- 
lence. Other  virtues  and  displays  of  religious 
principle  may  sometimes  be  construed  into 
superstition  or  fanaticism ;  but  a  perseverance 
in  the  path  of  Christian  liberaUty,  and  a  visi- 
ble exhibition  to  the  world  of  its  benignant 
and  extensive  effects,  can  scarcely  be  imputed 
to  such  causes,  but  to  the  influence  of  higher 
principles  which  have  been  impressed  with 
powerful  conviction  upon  the  mind.  And  I 
am  strongly  convinced,  that  Christianity  will 
never  make  a  powerful  and  universal  impres- 
sion upon  the  inhabitants  of  any  land,  till  its 
beneficent  effects  be  thus  visibly  displayed  in 
the  conduct  of  those  who  profess  an  adherence 
to  its  cause.  So  long  as  selfishness  and 
worldly-mindedness  are  displayed  by  the  ma- 
jority of  its  professors,  so  long  as  many  of  its 
ministers  are  beheld  aspiring  after  its  wealth 
and  emoluments  more  than  afler  the  perform- 
ance of  its  duties,  it  will  continue  to  be  de- 
spised by  those  whose  hearts  have  never  been 
brought  under  its  influence. 

In  order  to  induce  Christians  to  come  for- 
ward and  display  their  liberality  on  a  larger 
scale  than  they  have  ever  yet  done,  I  shall  lay 
before  them  a  few  recent  instances  of  genero- 
sity in  promoting  the  cause  of  learning  and 
religion,  which,  I  trust,  will  prove  a  stimulus 
to  those  on  whom  God  has  bestowed  riches 
and  affluence,  to  "  go  and  do  likewise."  Some 
of  the  following  statements  are  taken  from 
Drs.  Reed  and  Mattheson's  "Narrative  of  a 
visit  to  the  American  Churches." 

Grenvilk  is  a  small  town  which  is  consi- 
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dcred  as  wholly  religious.  The  settlement  was 
formed  by  a  party  of  ninety  persons  from  New 
England.  On  arriving  at  this  spot,  they  gave 
themselves  to  prayer  that  they  might  be  di- 
rected in  choosing  their  resting-place  in  the 
wilderness,  and  enjoy  the  blessing  of  God. 
At  first  they  rested  with  their  little  ones  in 
their  wagons,  and  the  first  permanent  building 
they  erected  was  a  church  for  Divine  worship. 
The  people  retain  the  simple  and  pious  man- 
ners of  their  fathers.  They  all  go  to  church; 
and  there  are  400  in  a  state  of  commimion. 
They  give  a  thousand  dollars  a  year  to 
religious  institutions.  One  plain  man,  who 
has  never  allowed  himself  the  luxury  of  a  set 
of  fire-irons,  besides  what  he  does  at  home, 
gives  a  hundred  dollars  a  year  to  religious 
objects.  In  this  settlement,  the  drunkard,  the 
fornicator,  and  the  sabbath-breaker  are  not 
found ;  and,  what  is  yet  better,  in  the  last 
report,  there  was  only  one  family  that  had  not 
domestic  worship."*  In  this  instance,  we 
behold  a  select  band  of  Christian  men,  volun 
tarily  devoting  their  wealth  to  the  cause  of 
God  ;  and  as  an  evidence  of  the  effect  of  such 
a  principle,  almost  the  w^hole  community  is 
distinguished  for  the  practice  of  Christian  vir- 
tues. 

The  Theological  Seminary  at  Andover, 
which  contains  a  chapel,  a  set  of  elegant  and 
commodious  buildings,  a  philosophical  appa- 
ratus, a  library  of  11^000  volumes,  and  em- 
bracing a  portion  of  land  of  150  acres,  was 
founded  not  many  years  ago,  at  the  suggestion 
of  the  Rev.  Dr.  Spring,  father  of  the  Rev.  Dr. 
Spring  of  New  York,  in  concert  with  Messrs, 
Bartlett  and  Brown.  When  they  met  to  en- 
gage in  free  conversation  on  the  subject,  and 
had  considered  the  nature  of  the  object  to  be 
accomplished,  "  Well,"  said  Mr.  Brown,  *'  I 
will  give  10,000  dollars."  "Why,"  said  Mr. 
Bartlett,  "did  you  not  say  20,000,  and  I 
would  too."  Dr.  Spring  went  to  Salem,  and 
saw  his  friend  Mr.  Norris  there,  told  him  what 
it  was  proposed  to  do,  and  obtained  another 
ten  thousand  dollars,  and  thus  the  work  pro- 
ceeded. Mr.  Bartlett,  in  addition  to  his  first 
gift,  built  the  chapel  connected  with  the  insti- 
tution, which  cost  50,000  dollars,  afterwards 
one  of  the  wings,  and  several  houses  for  the 
professors,  as  well  as  endowed  several  profes- 
sorships. It  is  thought,  that  m  several  wayt? 
he  has  given  to  this  object,  not  less  than  200, 
000  dollars,  (about  £45,000),  and  there  is 
reason  to  believe,  that  all  his  benevolent  in- 
tentions are  not  yet  fiilfined."f  Here  is  an 
example  of  truly  Christian  liberality,  which 
deserves  to  be  imitated  by  our  wealthy  pro- 
fessors of  religion.  Had  we  only  a  thou- 
sand   Christian   men    such   as   Mr.   Bartlett 

*  Narrative,  vol.  i.  pp.  168,  169. 
t  Ibid.  vol.  i.  pp,  425-6. 
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among  us,  we  might  raise  fifty  millions  of 
pounds  from  ihem  in  the  course  of  a  few 
years ;  and  what  immense  benefits  might  thus 
he  conferred  on  mankind  !  Mr.  Bartlett,  how- 
ever, did  not  receive  this  wealth  by  inheritance, 
but  by  his  own  energies.  He  was  first  a  shoe- 
maker in  Newj3ury,  and  became,  in  the  end, 
for  talents  and  success,  a  first-rate  merchant. 
He  occupies  a  good  house,  but  lives  in  a  very 
plain  style,  and  has  evidently  more  pleasure  in 
bestowing  than  in  consuming  his  property."* 
And  is  it  reasonable  to  suppose  ^.hat  this  gen- 
tleman is  less  happy  than  others,  because  he 
has  parted  with  so  great  a  proportion  of  his 
wealth  for  the  good  of  mankind  1  On  the 
contrary,  I  am  certain,  he  enjoys  a  serenity  of 
mind,  and  a  satisfaction  infinitely  superior  to 
the  grovelling,  mortals  who  either  hoard  their 
wealth  for  no  useful  purpose,  or  who  waste  it 
in  gratifying  a  taste  for  worldly  splendour  and 
extravagance. 

After  a  revival  in  a  church  in  Geneva,  State 
of  New  York,  in  1830,  it  is  remarked  that  the 
appropriations  of  religious  charity  were  nearly 
doubled  the  succeeding  year.  That  church 
sustains  one  foreign  missionary,  at  an  expense 
of  666  dollars — thirteen  home  missionaries,  at 
one  hundred  dollars  each — nine  scholarships 
of  the  American  Education  Society,  at  75 
dollars  each ;  which,  in  addition  to  the  appro- 
priations for  the  Bible,  Tract,  Sabbath-school, 
and  other  objects  of  benevolence,  amounts  to 
more  than  4,500  dollars  during  the  first  year.-j- 
This  fact  demonstrates,  what  we  have  alluded 
to,  that  wherever  the  principles  of  true  religion 
and  sterling  piety  take  a  thorough  possession 
of  the  mind,  they  lead  to  acts  of  noble  gene- 
rosity ;  and  that  a  perseverance  in  such  con- 
duct, is  one  of  the  strongest  proofs  of  the 
power  of  religion  upon  the  heart. 

At  Dorchester,  a  village  six  miles  from  Bos- 
ton, Dr.  Reed  observes,  "  there  are  Sabbath- 
schools  and  an  Academy  for  superior  educa- 
tion. The  ignorant  are  taught,  the  sick  find 
medicine  and  sympathy,  and  the  poor  are  pro- 
moted to  adopt  methods  of  domestic  thrift  and 
decency.  The  whole  village  presents  an  ex- 
ample of  the  effect  of  religion  so  administered. 
No  children  are  left  \o  grow  up  in  ignorance  ; 
few  persons  abstain  from  a  place  of  worship ; 
and  here,  where  every  thing  else  is  on  a  small 
scale,  the  schools  and  churches  assume  an  im- 
posing character."  How  many  villages  of  this 
description  can  be  pointed  out  in  Great  Britain 
and  Ireland  ?  and  is  it  not  owing  to  our  apathy 
and  avarice,  that  so  few  scenes  of  this  descrip- 
tion should  meet  our  eye  1 

"  I  know  of  no  country,"  says  Dr.  Reed, 
"  Where  there  are  more  examples  of  benefi- 
neuce  and  magnificence,  [than  in  America.] 

♦  Reed'T  Narrative,  vol.  i.  p.  488, 
t  Ibid,  vol  ii.  p.  19, 


The  rich  will  act  nobly  out  of  their  abun dunce, 
and  the  poor  will  act  nobly  out  of  their  peiiaiy. 
There  are  refreshing  instances  of  individuals 
sustaining  schools,  professorships,  missiona- 
ries, and  evangelists.  Ministers  are  repeatedly 
making  movements,  in  which  it  was  evident 
that  every  thing  was  to  be  sacrificed  to  use- 
fulness. I  have  seen  the  pastor,  at  sijty, 
beloved  and  happy  in  his  people,  give  up  all 
to  go  forth  into  the  wilderness,  because  he 
thought  that  his  example  more  than  his  la- 
bours, might  bless  the  West, — while  the  church 
has  been  as  ready  to  relinquish  him,  though 
with  tears,  when  she  has  been  satisfied  that  it 
was  for  the  good  of  the  church  Catholic.  I 
have  seen  a  band  of  students,  careless  of  ease 
and  reputation  at  home,  forsake  the  college  at 
which  they  had  passed  with  honour,  and  cove- 
nant to  go  forth  together,  some  2000  miles,  to 
rear  a  kindred  institution  in  the  desart.  And 
I  have  seen  the  aged  man  kindle  at  their  en- 
thusiasm, and  support  them  with  his  purse, 
when  unable  to  be  their  companion.* 

As  an  evidence  of  the  liberality  displayed 
in  the  Northern  States  of  America,  there  are 
no  less  than  twenty-one  Theological  colleges, 
all  of  which  have  been  instituted  since  the 
year  1808  ;  they  contain  853  students,  and 
have  accumulated  57,000  volumes.  Then^ 
are  seventy-five  colleges  for  general  education, 
most  of  them  with  professional  departments  ; 
and  they  have  8136  students;  and  forty  of 
these  have  been  erected  since  1814.  Altoge- 
ther there  are  ninety-six  colleges  and  9032 
students.  In  the  State  of  New  York  alone, 
besides  all  the  private  seminaries,  there  are 
9600  schools,  sustained  at  a  yearly  expense 
of  1,126,482  dollars!  Most  of  the  above- 
mentioned  seminaries,  with  the  stately  edi- 
fices connected  with  them,  have  been  reared 
and  established  by  voluntary  donations.  The 
"  American  Sunday  School  Union"  is  likewise 
a  noble  example  of  Christian  activity  and  be- 
neficence. In  1832,  the  eighth  year  of  its 
existence,  it  had  790  auxiliaries ;  0187  schools 
were  in  connection,  having  542,420  scholars 
and  80,913  teachers.  The  expenditure  for 
that  year  was  117,703  dollars:— for  1833,  it 
was  136,855.     The  most  vigorous  efiforts  of 

*  "Narrative,"  &c.  vol.  ii.  p.  282.  While  re- 
tiirninir  tiianks  to  Dra.  Reed  and  Mattheson  for  the 
entertainment  and  the  valuable  information  which 
their  "  Narrative"  affords— the  writer  of  this  can- 
not but  express  his  regret  that  their  work  was  not 
published  in  a  more  economical  style.  Had  it  been 
published,  as  it  mi^ht  have  been,  at  half  its  present 
price,  and  comprised  in  two  neat  12rno  volumes, 
it  would  have  been  purchased  by  three  times  the 
number,  and  have  been  read  by  ten  times  the  num- 
ber of  individuals  who  will  be  likely  to  peruse  it 
in  its  present  state.  The  price  of  such  books  pre- 
vents their  being  generally  read  by  the  mass  of 
Christian  society,  and  consequently  forms  a  barrier 
to  the  general  diffusion  of  knowledge.  Has  covet- 
ousness  on  the  part  of  the  publishers,  any  share 
in  this  matter  ? 

(319) 


Hosted  by  Google 


104 


ESSAY  ON  COVETOUSNESS. 


this  society  have  been  directed  to  the  valley 
of  the  Mississippi.  In  1830,  it  was  resolved 
unanimously, — "  That  in  reliance  upon  Divine 
aid,  they  would  endeavour  within  two  years 
to  establish  a  Sunday-school  in  every  destitute 
place  where  it  is  practicable,  throughout  the 
valley  of  the  Mississippi,"  that  is,  over  a 
country  which  is  1200  miles  wide,  and  3400 
in  length.  There  are  thirty-six  agents  wholly 
employed  in  this  service;  and,  during  1833, 
they  established  500  schools  and  revived  a 
thousand. 

The  following  examples  of  covetousness 
and  liberality  are  e  xtracted  from  an  American 
periodical,  entitled  "  The  Missionary,"  for 
May  2,  1835;  published  at  the  Missionary 
Press,  Burlington,  New  Jersey,  by  Members 
of  the  American  Episcopal  Church. 

"  A  gentleman  having  called  the  preceding 
Autumn,  to  obtain  aid  for  hiring  a  missionary 
in  Tennessee,  I  thought  I  would  go  and  intro- 
duce him  to  our  congregation  ;  and  we  called 

first  on  Squire  L ,  as  he  is  the  richest 

man  in  town,  although  I  had  Jittle  hope  of 
,  success  from  that  quarter.  KTe  put  us  off, 
as  usual,  with  an  account  of  his  numerous 
family  expenses,  the  frequent  calls  upon  him 
for  money,  the  duty  of  seeing  our  own  church 
free  from  debt,  and  our  clergyman  well  pro- 
vided for,  before  we  assisted  others,  and  con- 
cluded with  his  old,  threadbare  proverb, 
"  Charity  begins  at  honieP     We  then  called 

on   his  neighbour,  Mr.  S — — ,  a  man  of 

considerable  wealth,  and  no  children  to  inherit 
it.  He  read  the  paper,  said  that  it  was  a  de- 
serving object,  but  that  he  felt  too  poor  to 
contribute.  He  coloured  slightly  as  he  said 
this,  and  then,  as  if  ashamed  to  give  nothing, 
and  anxious  to  rid  himself  of  such  troublesome 
visitants,  handed  us  25  cents,  (two  shillings,) 
and  we  took  our  leave.  We  met  with  various 
success  ;  some  gave  cheerfully  and  liberally ; 
others  grudgingly,  and  not  a  few  declined  al- 
together.    Our  last  call  was  on  Mr.  R — , 

the  shoemaker ;  we  found  him,  as  I  expected, 
busily  engaged  at  his  work.  He  received  us 
kindly,  made  inquiries  about  the  state  of  the 
church  in  Tennessee,-; which  showed  that  he 
felt  a  lively  interest  in  the  subject,  lamented 
his  inability  to  do  much,  but  said  he  would  do 
something.  He  then  stepped  into  the  house, 
and  returned  immediately  with  two  dollars , 
which  he  begged  my  companion  to  accept,  as 
an  expression  of  his  good  will.  Knowing  him 
to  be  what  is  called  in  the  language  of  the 
world,  a  poor  man,  [though  in  gospel  phrase 
he  is  eminently  rich ;]  I  asked  him  how  he 
contrived  to  subscribe  to  each  one  of  our  bene- 
volent institutions,  to  take  a  weekly  religious 
newspaper,  to  contribute  liberally  to  the  sup- 
port of  our  clergyman,  and  yet  have  so  much  to 
spare  for  a  distant  church  1  He  told  me,  it  was 
(320) 


easily  done,  by  obeying  St.  PauFs  pre  ccpt  in 
1  Cor.  xvi.  2.  In  other  words,  he  was  system- 
atically charitable.  He  made  it  a  point  ol 
duty  always  to  consecrate  a  portion  of  his 
weekly  income  to  the  Lord.  "  I  earn,"  said 
he,  "  one  day  with  another,  about  a  dollar  a 
day,  and  I  can,  without  inconvenience  to  my- 
self or  family,  lay  by  five  cents  of  this  sura 
for  charitable  purposes ;  the  amount  is  thirty 
cents  a  week,  (half  a  crown.)  My  wife  takes 
in  sewing  and  washing,  and  earns  something 
like  two  dollars  a  week,  and  she  lays  by  ten 
cents  of  that.  My  children,  each  of  them, 
earn  a  shilling  or  two,  and  aie  glad  to  con- 
tribute their  penny  ;  so  that  altogether,  we 
"  lay  by  us  in  store^'  forty-five  cents  a  week. 
And  if  we  have  been  unusually  prospered,  we 
contribute  something  more.  The  weekly 
amount  is  deposited  every  Sunday  morning  in 
a  box  kept  for  that  purpose,  and  reserved  for 
future  use.  Thus,  by  these  small  savings,  we 
have  learned,  that  it  is  more  blessed  to  give 
than  to  receive.  The  yearly  amount  saved  in 
this  way,  is  about  twenty-fiv{!  dollars ;  and  I 
distribute  this  among  the  various  benevolent 
societies,  according  to  the  best  of  my  judg- 
ment." Now  this  man  is  a  consistent  Chris- 
tian, a  bright  example  of  Christian  benevo- 
lence. He  looks  upon  his  little  earnings  as  a 
talent  lent  him  of  God,  a  part  of  which  should 
be  sacredly  appropriated  to  his  service." 

In  the  same  "  Missionary  Tract,"  it  is 
stated,  that  the  Treasurer  of  the  "  Domestic 
and  Foreign  Missionary  Society,"  on  April 
10th,  received  477  dollars  and  41  cents,*  of 
which  5  dollars  are  the  avails  of  needle-work 
hy  four  little  girls,  from  four  to  eleven  years 
of  age,  for  the  church  at  Jacksonville,  Illinois ; 
and  35  dollars  from  the  Sunday-school  of  St 
Luke's  church,  New  York  ;  15  of  them  in 
redemption  of  a  pledge  for  the  education  of 
an  Indian  child,  named  Levi  SiUiman  Ives,  in 
honour  of  their  former  rector,  now  the  excel- 
lent bishop  of  North  Carolina. 

In  our  own  country,  we  have  likewise 
many  characters  distinguished  for  Christian 
beneficence.  Mr.  John  Lloyd  of  Nelson 
square,  London,  who  died  in  June,  1835,  wa^i 
a  liberal  contributor  to  the  cause  of  religion, 
under  the  signature  L.  He  was  civil  engineer, 
employed  at  the  government  dock  yards.  He 
retired  from  business  four  years  before  hia 
death,  devoting  his  large  fortune  to  the  glor}?- 
of  God,  and  the  good  of  men,  both  at  home 
and  abroad.  More  than  £12,000  are  known 
to  have  been  distributed  among  different  socie- 
ties under  the  letter  L  ;  nor  was  he  unmindful 
of  them  in  his  will,  having  bequeathed  to  tha 
Missionary  Society  £4000 ;  the  Home  Mi»- 

*  A  dollar  is  equal  in  value  to  about  four  shil- 
lings and  six  pence,  and  a  cent  to  one  half-pennv 
English 
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sionary  Society  £4000 ;  the  British  and  Fo- 
reign Bible  Society  £3000 ;  Religious  Tract 
Society  £3000 ;  the  South wark  Sunday 
School  Society  £1000  ;  Surrey  Chapel  Bene- 
volent Society  £1000;  the  Christ  church 
Surrey  School  m  Marlborough  street.  £500; 
the  London  Hibernian  Society  £500  ;*  in  all 
£29,000!  What  an  example  to  wealthy 
Christians !  and  how  much  good  may  such 
an  individual  be  instrumental  in  communi- 
cating to  the  church  and  the  world  !  The 
concealment  of  his  name  in  the  numerous 
donations  bestowed  in  his  lifetime,  arose  from 
his  retiring  habits,  and  a  desire  "  not  to  let 
his  left  hand  know  what  his  right  hand  did," 
and  a  hope  that  others  would  follow  his 
example. 

The  Rev.  Richard  Knill,  in  the  Evangeli- 
cal Magazine  for  November,  1835,  mentions 
a  Welsh  gentleman  who  has  200  sovereigns 
ready  to  be  given  for  introducing  more  of  the 
piety  and  talent  of  our  churches  into  the  v/ork 
of  the  ministry ;  and  a  minister,  once  a  stu- 
dent at  Homerton,  who  proposes  to  assist 
four,  six,  or  eight  students  in  their  prepara- 
tory stu<lies,  gratuitously.  In  the  same  number 
of  this  Magazine,  Mr.  Rathray  of  Demarara, 
mentions  that  the  negroes  are  beginning  to 
make  monthly  contributions  for  the  purchase 
of  Bibles,  and  other  religious  purposes,  and 
that  their  first  monthly  collection  amounted 
to  123  guilders,  or  £8  15s.  and  that  they 
make  a  point  of  giving  something  for  their 
children.  A  woman,  says  Mr.  R.,  gave  me 
3^d.  one  day,  saying,  "  This  is  for  Jane,  a 
child  about  two  years  old ;  I  give  with  the  other 
people  for  Kitty  and  Yaha,  when  we  gave 
the  money  to  Jacob ;  but  I  had  nothing  to 
give  for  Jane  ;  and,  Massa,  take  this  for  her." 
This  idea,  suggested  by  poor  negroes,  of 
giving  a  sum  for  every  child  of  the  family, 
deserves  the  consideration  and  imitation  of 
thousands  of  those  who  are  better  instructed, 
and  who  move  in  a  far  higher  grade  than  the 
despised  sons  of  Africa. 

The  name  of  Thomas  Wilson,  Esq.,  which 
stands  in  the  front  of  most  of  our  religious 
and  philanthropic  institutions,  will  recall  to 
the  mind  of  every  one  acquainted  with  that 
respected  gentleman,  the  many  hundreds  and 
even  thousands  of  pounds  he  has  generously 
devoted  to  the  rearing  of  chapels,  to  mission- 
ary and  other  benevolent  purposes,  the  effects 
of  which  will  be  felt  and  appreciated  in  future 
generations,  and  "  many  will  rise  up  to  call 
him  blessed."  For,  to  those  whom  God  has 
enlightened  in  the  knowledge  of  the  true  use 
of  wealth,  "it  is  more  blessed  to  give  than  to 
receive."  In  addition  to  his  many  other  muni- 
ficent donations,  he  has  lately  given  £100  to 
the  New  Chapel,  Albany  street,  London.    G. 

*  See  Evan.  Mag.  for  August,  1835. 
41 


F.  Agnes,  Esq.,  well  known  for  his  benevo- 
lent plans  and  exertions  to  promote  the  besi 
interests  of  British  Seamen  both  at  home  and 
abroad,  has  likewise  distinguished  himself  by 
his  liberal  contributions  to  various  religious 
and  philanthropic  objects.  In  addition  to  his 
labours  and  donations  in  behalf  of  the  "  British 
and  Foreign  Sailor's  Society,"  and  as  a  mem 
her  of  the  committee  of  the  New  Austral'^^ 
Colonization  Association,"  he  has  lately  sub- 
scribed £50,  in  behalf  of  the  mission  to  the 
colony  to  be  planted  in  the  south-western 
quarter  of  New  Holland.-)-  Various  similar 
instances  of  British  generosity  might  be  stated 
were  it  expedient,  although  it  is  much  to  be 
regretted  that  their  number  is  so  smalL 

It  is  one  of  the  hopeful  signs  of  our  times, 
and  a  prelude  that  "  God  is  about  to  appear 
in  his  glory  to  men  " — that  Christian  churches 
and  congregations  are  now  beginning  to  come 
forward  with  far  more  liberality,  than  for- 
merly, in  the  cause  of  missions,  and  of  the 
extension  of  religion  both  at  borne  and 
abroad.  The  churches  under  the  inspection 
of  the  Rev.  Dr.  Brown  and  Mr.  Gilchrist,  in 
Edinburgh,  and  of  Drs.  Mitchell,  Hough,  and 
others  in  Glasgow,  have  lately  distinguished 
themselves  by  raising  from  five  to  eight,  or 
ten  hundred  pounds  annually,  for  domestic 
and  foreign  missions,  besides  affording  a  hand- 
some support  to  their  respective  pastors.  The 
church  under  the  pastoral  care  of  the  Rev. 
Dr.  Wardlaw,  Glasgow,  is  said  to  have  raised 
for  such  purposes,  during  last  year,  no  less 
than  £1700,  besides  supporting  their  pastor. 

Mr.  Williams,  missionary  from  the  South 
Sea  Islands,  in  one  of  his  interesting  addresses 
to  the  public,  on  a  late  occasion,  stated,  that  a 
certain  congregation  in  England,  mentioned 
to  him  with  a  certain  degree  of  satisfaction, 
as  if  it  had  been  a  great  and  un  looked  for 
effort,  had  raised  the  sum  of  £50,  during  the 
preceding  year  for  missionary  and  other  pur- 
poses, besides  maintaining  the  gospel  among 
themselves.  He  told  them,  they  ought  to  d« 
much  more ;  for  such  an  exertion  did  not 
amount  to  half  penny  a  week,  to  every  indi- 
vidual. They  began  to  bethink  themselves 
on  the  subject,  and  next  year  raised,  without 
much  difficulty,  above  four  hundred  pounds. 
Mr.  Williams  also  stated,  that,  at  a  late  public 
breakfast,  in  a  certain  town  in  England,  a 
sum  of  nearly  £200  was  collected  in  a  few 
minutes,  from  a  very  limited  number  of  indi- 
viduals— one  subscribing  £20,  another  £10, 
another  £5,  &c.,  with  the  utmost  frankness 
and  animation. 

The  following  experiment  in  behalf  of  mis- 
sions, deserves  attention,  and  might  be  tried, 
in  reference  to  any  philanthropic  objectv>  Mr. 
Clayton,  of  Walworth,  proposed  to  his  con- 

i  Evan.  Mag.  for  Doc.  1835. 
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g\-egatioii,  that  a  thousand  of  them  should 
take  up  the  subject,  and  each  of  the  thousand 
subscribe  one  farthing  a  day  to  the  missionary 
cause.  This  was  recommended  to  be  done 
immediately  after  morning-  prayer,  that  as 
soon  as  they  rose  from  their  knees,  they  might 
make  an  offering  to  the  Lord  of  one  farthing. 
This  will  raise  more  than  a  guinea  a  day,  and 
consequently,  mor^  than  three  hundred  and 
sixty-five  guineas  a  year,  (or  £370  4s.  2d.) 
which  sura  would  support  six  missionaries  in 
the  South  Seas. 

Having  such  noble  examples  as  above 
slated,  set  before  us,  Christians  of  every  name 
should  now  begin  to  arouse  themselves  from 
their  apathy  and  inordinate  attachment  to  the 
world,  and  to  consider  that  they  cannot  bestow 
their  wealth  on  a  more  honourable  arid  im- 
portant object  than  in  promoting  the  glory  of 
God,  and  the  best  interests  of  the  human 
family,  wherever  they  are  dispersed  over  the 
surface  of  the  globe.  Were  such  liberal  offer- 
ings becoming  general  throughout  the  univer- 
sal church,  (and  why  should  they  not?)  we 
might,  ere  long,  have  the  near  prospect  of 
beholding  the  light  of  Divine  truth  irradiating 
every  land,  the  moral  wilderness  turned  into 
a  fruitful  field,  and  righteousness  and  praise 
springing  forth  before  all  the  nations. 

It  may  not,  perhaps,  be  improper  to  remark, 
that  the  contributions  of  Christians  should 
not  be  chiefly  confined  to  missionary  purposes, 
or  to  the  support  of  the  stated  ordinances  of 
the  gospel.  These  objects,  indeed,  ought  to 
be  supported  with  far  more  liberality,  and 
carried  forward  with  more  vigour  than  they 
have  hitherto  been.  But,  while  we  look 
abroad  to  distant  tribes,  and  provide  mission- 
aries for  their  instruction,  we  are  sometimes 
apt  to  forget  the  duty  we  owe  to  our  country- 
men at  home;  and,  while  we  pay  some  atten- 
tion to  the  religious  improvement  of  the  adult 
population,  we  too  frequently  overlook  the 
rational  and  religious  instruction  of  the  young. 
On  the  proper  moral  and  intellectual  tuition 
of  every  class  of  the  young,  from  two  years 
old  till  twenty,  the  whole  frame  of  civil  and 
Christian  society  almost  entirely  depends. 
This  grand  object  has  been  too  much  over- 
looked in  all  our  Christian  and  philanthropic 
arrangements  ;  and  while  it  is  so,  all  our  other 
schemes  of  i?nprovement  will  be  partially  fru- 
strated. They  will  have  a  tendency  only  to 
iop  off  the  tvvigs  and  branches  of  immorality 
and  crime,  while  the  roots  of  evil  are  left  to 
break  forth  in  fresh  luxuriance.  Christian 
societ}'^,  therefore,  should  not  rest  satisfied,  till 
every  human  being,  from  two  years  old  till 
manhood,  be  brought  under  the  influence  of 
an  ellicient  system  of  ifiitel!e{:tual,  moral,  and 
Christian  tuition,  both  in  our  own  country, 
and,  so  far  as  our  influenGe  extends,  in  other 
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lands ;  and  a  very  considerable,  if  not  the 
greatest  portion  of  our  Christian  contributions 
ought,  in  the  mean  time,  to  be  devoted  to  thia 
object,  which  lies  at  the  foundation  of  all 
those  arrangements  which  are  calculated  to 
introduce  the  expected  millennium.  But,  as 
I  have  already  adverted  to  this  subject,  it  is 
unnecessary  to  enlarge. 

4.  Associations  might  be  formed,  particu- 
larly among  Christians,  for  the  purpose  of 
encouraging  liherality  and  counteracting 
avarice. 

As  the  spirit  of  covetousness  is  so  exten- 
sively prevalent,  and  as  it  stands  as  a  barrier 
to  every  noble  and  Christian  enterprise,  no 
means  should  be  left  unemployed  to  counter- 
act its  tendencies  and  effects.  And,  as  socie- 
ties have  been  formed  for  less  important 
purposes,  there  appears  no  reason  wiiy  an 
Association  should  not  be  entered  into  for 
promoting  the  cause  of  Christian  liberality 
and  beneficence.  Such  a  society  nught  bo 
composed  of  persons  who  are  willing  to  devote 
the  one-tenth,  or  any  other  portion  of  their 
incomes  to  philanthropic  objects.  Such  a 
society,  if  it  could  be  formed,  would  set  an 
example  of  liberality  to  the  church  and  the 
world  around  them,  and  might  prove  a  stimu- 
lus to  many  who  might  not  otherwise  have 
thought  of  it,  to  dcA'ote  a  proportion  of  their 
superfluous  wealth  to  rational  and  religious 
purposes.  It  might  establish,  in  particular 
districts,  systems  of  education  on  new  and 
improved  plans,  as  specimens  of  what  ought 
to  be  set  on  foot  for  the  improvement  of  so- 
ciety in  every  place.  It  might  purchase  barren 
tracts  of  land,  and  make  arrangements  for 
their  cultivation  and  embellishment  It  might 
rear  small  towns  and  villages,  on  spacious  and 
improved  plans,  with  every  requisite  accommo- 
dation and  embellishment,  and  calculated  for 
the  promotion  of  health,  convenience,  arif' 
comfort.  It  might  provide  employment  for 
the  industrious  poor,  and  commence  new 
enterprises  for  civilizing  and  cliristianizing 
rude  and  uncultivated  tribes,  whether  in  our 
own  country,  or  in  other  lands,  and  accom- 
pUsh  many  other  objects  which  an  enlightened 
benevolence  would  readily  dictate^  The  fre- 
quent publication  of  the  operations  of  such  a 
society,  might  be  the  means  of  exciting  the 
attention  of  mankind  in  general  to  such  bene- 
ficent pursuits,  and  leading  to  the  promotion 
of  similar  associations. 

However  romantic  such  a  project  may  ap- 
pear to  some,  I  have  no  doubt  that  there  are 
hundreds  of  benevolent  individnals  in  various 
districts  of  our  own  country,  who  would  re« 
joice  to  have  it  in  their  power  to  co-operate 
with  other  congenial  minds  in  piomoting  the 
best  interests  of  their  fellow-creatures  in  the 
above,  or  in  any  other  modes  that  a  rationa. 
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or  icligious  mind  might  devise — and  that  they 
are  only  waiting  for  such  openings,  in  order 
to  give  vent  to  their  Christian  HberaHty. 

It  is  an  evil,  or  at  least  a  defect,  in  many 
of  our  Christian  arrangements,  that,  in  the 
first  instance,  we  aim  too  high,  beginning  at 
the  top  of  the  scale,  when  we  should  com- 
mence at  the  bottom.  This  is  the  case  when 
our  attention  is  almost  solely  devoted  to  the 
improvement  of  the  adult  population,  while 
the  young  are,  in  a  great  measure,  neglected ; 

•and  when  our  efforts  are  entirely  directed 
to  the  promotion  of  the  spiritual  interests  of 
mankind,  while  their  temporal  comfort  is 
overlooked  or  disregarded.  We  have  hitherto 
laid  much  stress  on  merely  preaching  the 
gospel  to  adults,  while  w^e  should  have  been 
equally  active  in  preparing  the  minds  of  the 
young  for  the  reception  of  Divine  truth,  by 
all  the  rational  and  religious  arrangements 
which  Christian  wisdom  can  devise.  We 
likewise  profess  great  zeal  for  the  spiritual 
and  eternal  interests  of  the  poor;  while  we 
not  unfrequentiy  leave  them  to  pass  their 
existence  in  the  most  abject  hovels,  and  to 
pine  away  in  the  midst  of  filth,  penury,  and 
wretchedness. 

If  we  wish  that  they  may  appreciate  the 


truths  of  religion,  we  must  endeavour,  at  the 
same  time,  to  meliorate  their  external  con- 
dition, and  render  it  pleasant  and  comfortable. 
To  tell  a  poor  wretch  that  he  may  have  spirit- 
ual blessings,  and  eternal  treasures,  by  coming 
to  Christ,  while  he  is  destitute  of  both  food 
and  clothing,  and  we  refuse  to  supply  his 
wants  when  we  have  it  in  our  power,  is 
something  approaching  to  a  species  cf  in£U.lt. 
By  endeavouring  to  mehorate  the  condition 
of  the  poor,  while  we  offer  them  Christian 
instruction,  we  prepare  the  way  for  the  recep- 
tion of  Divine  truth.  For,  in  so  doing,  ws 
exhibit  a  visible  proof  that  Christianity  is  a 
beneficent  system,  and  tends  to  promote  our 
happiness,  both  in  the  life  which  now  is,  and 
in  the  life  to  come. 

Now,  such  societies  as  suggested  above, 
while  they  have  for  their  ultimate  object,  the 
spiritual  and  eternal  happiness  of  men,  might 
be  instrumental  in  promoting  the  external 
comfort  of  all  ranks,  particularly  the  lower, 
in  furnishing  them  with  employment,  in  pro- 
viding them  with  comfortable  habitations,  in 
securing  the  proper  instruction  of  their  fami- 
lies, and  directing  them  in  such  a  course  of 
conduct  as  will  infallibly  lead  both  to  present 
and  future  enjoyment. 


CHAPTER    VIIL 

Considerations^  addressed  to  Professing  Christians  and  others^  as  to  tketr  Jffections  ant 
Conduct  in  relation  to  Covetousness, 


Having,  in  the  preceding  chapters,  embo- 
died a  variety  of  motives  and  considerations, 
to  direct  the  views  of  professing  Christians, 
in  reference  to  this  subject,  it  would  be  expe- 
dient to  dwell  on  this  topic,  and  therefore,  I 
shall  only  offer  a  few  additional  arguments 
and  considerations. 

I.  To  professing  Christians  in  general, 
we  would  call  attention  to  the  following  con- 
siderations. 

1.  Consider,  what  God  claims  the  Supreme 
affection  of  the  heart. 

He  is  possessed  of  every  attribute  calcu- 
lated to  excite  the  adoration  and  love  of  all 
holy  intelligences.  He  inhabits  eternity  and 
immensity,  and  is  near  to  them  who  fear  him, 
and  hope  in  his  mercy.  His  power  and  wis- 
dom gave  birth  to  the  innumerable  worlds 
which  fill  the  universe,  and  all  the  streams 
of  happiness  which  gladden  the  hearts  of 
their  inhabitants,  flow  from  Him  as  the  un- 
created source  of  felicity.  To  the  inhabitants 
of  this  lower  world,  he  has  displayed  his  love 
and  mercy  in  a  way  that  "  passeth  compre- 
nension" — in  the  mission  of  his  Son  for  the 
I  urpose  of  procuring  our  salvation — an  event 


which  ought  to  draw  forth  our  highest  afTec 
tion,  and  gratitude,  and  praise.  And  he  is 
"  daily  loading  us  with  his  benefits,  giving  us 
rain  from  heaven,  and  fruitful  seasons,  and 
filling  our  hearts  with  food  and  gladness.'^ 

Hence  we  find  the  inspired  writers,  and 
other  holy  men,  expressing  their  emotions  in 
such  language  as  this : — "  The  Lord  is  my 
portion,  saith  my  soul,  therefore  will  I  hope 
in  Him ;"  "  Whom  have  I  in  heaven,  but 
Thee,  and  there  is  none  upon  earth,  I  desire  in 
comparison  of  Thee.  Who  in  the  heaven  can 
be  compared  to  Jehovah?  who  among  the 
sons  of  the  mighty,  can  be  likened  unto  him  ?** 

Now,  this  supreme  affection  towards  God, 
is  altogether  inconsistent  and  incompatible 
with  the  indulgence  of  a  principle  of  covetoufi» 
ness.  For,  such  an  affection  ruling  supreme 
in  the  heart,  virtually  depopes  God  from  his 
throne,  and  robs  him  of  the  glory  of  his  per- 
fections. As  soon  may  we  expect  to  make 
the  north  and  the  south  points  of  the  firma- 
ment to  meet  together,  or  the  light  of  the 
heavenly  world  to  mingle  with  the  darkness 
of  the  infernal  pit,  as  to  reconcile  the  service 
of  God  and  mammon.     For,  while  the  \i\x\^ 
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Christian,  in  all  his  movements,  privations, 
and  afflictions,  puts  his  confidence  in  God, 
and  looks  up  to  Him  as  his  portion  and 
deliverer,  "  the  rich  man's  wealth  is  his  strong 
city,"  and  "  he  trusts  in  the  abundance  of  his 
riches."  The  one  joins  with  the  heavenly 
host,  in  ascribing  "  wisdom  and  power,  and 
glory,  and  thanksgiving  to  Him  who  sits  upon 
the  throne;"  the  other  is  an  idolater,  who 
says  to  gold,  "  thou  art  my  hope,  and  to  the 
fine  gold,  thou  art  my  confidence,"  and  thus 
in  effect,  "  denies  that  God  is  above." 

Let  Christians  meditate  deeply  on  this 
important  point,  and  consider  whether  their 
affections  towards  the  treasures  of  this  world 
be  at  all  compatible  with  supreme  love  to 
their  God  and  Redeemer.  What  is  it  that 
conscience  tells  you  is  uppermost  in  your 
hearts'?  What  are  among  your  first  thoughts 
in  the  morning,  and  your  last  in  the  evening  1 
What  is  it  that  gives  you  most  pain,  the 
loss  of  a  portion  of  your  wealth,  or  the  appre- 
hension of  the  loss  of  the  Divine  favour  1 
Are  your  desires  more  ardent  afler  the  in- 
crease of  riches  than  after  the  treasure  in 
,  heaven  that  fadeth  not,  and  the  incorruptible 
inheritance  that  shall  last  for  ever  1  Is  your 
joy  greater  in  the  acquisition  of  riches  or  of  a 
great  estate,  than  in  the  consideration,  that 
God  is  your  Father,  and  your  everlasting 
portion  1  It  was  a  convincing  evidence  of 
Job's  heavenly  temper,  that  "he  did  not  re- 
joice when  his  wealth  was  great,  and  his 
hand  had  gotten  him  much."  Are  you 
affected  with  deeper  sorrow,  when  you  lose 
your  substance,  than  when  you  lose  the  bene- 
fit of  Divine  instructions,  or  although  you 
were  to  lose  a  sense  of  the  mercy  of  God  ] 
Would  you  rather  be  stripped  of  all  your 
earthly  possessions,  and  go  naked  into  Para- 
dise, than  to  be  laden  with  gold  and  jewels, 
although  you  should  run  the  risk  of  falling 
into  the  pit  of  perdition  1  Do  you  make  it 
your  great  and  ultimate  object  to  gain  riches 
or  an  estate — rising  early,  lying  down  late, 
and  eating  the  bread  of  carefulness  T  Do  you 
grudge  your  families  the  necessary  comforts 
of  life,  and,  when  requested  to  devote  an  offer- 
ing for  promoting  the  cause  of  religion,  and 
the  benefit  of  mankind,  do  you  bestow  it  with 
a  grudge,  or  with  the  spirit  of  a  cheerful  giver  T 
III  all  the  arrangements  you  make  as  to  your 
lot  in  this  world,  are  you  chiefly  directed  by 
the  prospect  of  worldly  honour  and  gain,  or 
by  the  opportunities  you  may  have  of  glorify^ 
in g  God,  and  being  useful  to  mankind?  If 
you  regard  God  as  your  supreme  portion,  and 
the  rock  of  your  salvation,  you  will  consider 
all  that  you  have  as  too  little  to  be  consecrated 
to  his  service,  and  will  make  the  advancement 
of  his  kingdom,  the  object  of  all  your  arrange- 
ments, and  will  come  cheerfully  forward  at  his 
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call  to  contribute  for  this  end,  according  as  h« 
hath  prospered  you,  saying  with  the  Psalmist, 
"  What  shall  I  render  unto  the  Lord,  for  all 
his  benefits  towards  me  V 

2.  Consider  the  obligations  you  are  under 
to  Him  who  procured'  our  redemption. 

You  profess  as  Christians,  to  be  under 
infinite  obligations  to  the  mercy  and  love  of 
our  Redeemer,  "who  died  and  rose  again," 
that  your  souls  might  be  rescued  from  destruc- 
tion. You  profess  to  believe,  that  you  were 
"  redeemed  not  with  corruptible  things,  as 
silver  and  gold,  but  with  the  precious  blood 
of  Christ,"  and  that  it  was  one  great  end  of  . 
his  death,  that  "  you  might  be  delivered  from 
this  present  evil  worid,  and  its  affections  and 
lusts,"  and  consequently,  from  the  dominion 
of  covetousness,  which  is  the  ruling  passion 
of  the  men  of  the  world,  and  which  is  utterly 
inconsistent  with  the  character  of  the  re- 
deemed. While  you,  then,  virtually  acknow- 
ledge these  truths,  can  you  allow  the  love  of 
the  world  to  predominate  in  your  hearts] 
Can  you  think  it  a  hard  demand  that  God 
makes  upon  you,  when  he  requires  a  portion 
of  the  wealth  which  he  himself  has  bestowed, 
to  be  dovoted  to  the  extension  of  the  Re- 
deemer's kingdom,  and  the  promotion  of  his 
glory  1  He  might  accomplish  all  his  gracious 
designs  without  your  assistance ;  for  all  the 
treasures  of  the  universe  are  at  his  disposal. 
But  he  has  condescended  to  put  an  honour 
upon  Christians,  in  selecting  them  in  parti- 
cular, to  be  "workers  together  with  Him," 
that  by  their  voluntary  and  liberal  oblations, 
they  may  exhibit  themselves  in  the  face  of  the 
world,  as  "followers  of  the  Lamb,"  and  con- 
tributors lo  "  the  prosperity  of  Zion."  Can 
you,  then,  in  consistency  with  your  profes- 
sions, refuse  to  come  forward  with  munificent 
and  god-like  offerings,  according  to  your 
ability,  for  every  enterprise  that  has  for  its 
object,  the  promotion  of  the  Divine  glory, 
and  the  present  and  everlasting  happiness  of 
men  ?  For,  it  is  by  such  conduct,  that  your 
avarice,  or  your  Christian  principle  will  be 
detected.  The  latent  principle  of  covetous- 
ness, in  its  workings  in  the  heart,  though 
open  to  the  inspection  of  Omniscience,  cannot 
be  directly  traced  by  human  eyes. 

But,  if  you  be  hypocrites  in  religion,  your 
hypocrisy  will  be  laid  open,  and  your  true 
character  determined  by  your  refusing  to  con- 
tribute to  the  service  oi  God,  what  is  in  your 
power  to  bestow.  And  this  is  a  characteristic 
of  the  sense  we  entertain  of  our  obligations 
to  the  Redeemer,  which  ought  to  be  more 
attended  to  than  it  has  hitherto  been  in  the 
visible  church. 

If,  then,  Christians  in  general,  and  espe- 
cially wealthy  Christians,  admit  that  they  are 
under  inexpressible  obligationa  to  Him  "  wha 
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eame  in  the  name  of  the  Lord,  to  save  them" 
— is  it  compatible  with  such  obligations,  "  to 
walk  according  to  the  course  of  this  world," 
and  to  prevent,  by  their  niggardly  offerings, 
the  gracious  purposes  of  God  from  being 
brought  speedily  into  effect "?  If  you  profess 
to  celebrate  the  praises  of  Him,  "  who  loved 
us  and  washed  us  from  our  sins  in  his  own 
bloodj  and  hath  made  us  kings  and  priests 
unto  God  and  his  Father" — shall  you  con- 
sdder  it  as  too  great  an  expression  of  your 
gratitude,  to  devote  a  hundred  or  even  a  thou- 
sand pounds,  at  a  time,  for  carrying  forward 
the  grand  design  of  the  death  of  Christ,  and 
the  regeneration  of  the  world — when  you 
have  hundreds  or  thousands  at  your  com- 
mand 1  If  God  were  calling  you  to  devote 
aU  your  worldly  possessions  to  his  service, 
would  you  consider  it  as  too  great  a  sacrifice 
for  the  gift  bestowed  1  If  not,  how  can  you 
stand  aloof  and  grudge  a  mere  tithe  of  your 
earthly  estate,  when  it  is  called  for  at  your 
hands,  and  when  every  needful  comfort  is  still 
secured  for  your  enjoyment  1 

Let  Christians  seriously  pause  on  such 
considerations,  and  judge,  whether  the  gene- 
ral conduct  of  professors  of  religion,  in  regard 
to  the  dedication  of  their  wealth,  be  consistent 
with  the  obligations  they  profess  to  Him  who 
hath  procured  for  them  all  spiritual  and  eter- 
nal blessings. 

3.  Consider  that  ell  the  privileges  and 
prospects  of  Christians  are  incompatible 
with  the  indulgence  of  covetousness. 

Believers  are  brought  by  the  gospel  into  the 
high  and  honourable  relation  of  "  Sons  of 
God,"  and  consequently,  "joint  heirs  with 
Christ  Jesus"  of  the  blessings  of  his  media- 
torial kingdom.  They  are  under  the  special 
care  of  the  Providence  of  God,  who  has  pro- 
mised, that  "  their  bread  shall  be  given  them, 
and  their  water  shall  be  sure,"  and  that  "  He 
will  never  leave  them,  nor  forsake  them." 
But  a  spirit  of  conformity  to  the  world,  a  co- 
vetous disposition,  and  an  eager  desire  after 
earthly  honours  and  splendour,  are  evidently 
inconsistent  with  such  exalted  privileges.  The 
sons  of  God  must  resemble  the  moral  charac- 
ter of  their  Father  in  heaven,  particularly  in 
the  display  he  has  given  of  his  benevolence. 
But,  "if  any  man  love  the  world,  the  love  of 
the  Father  is  not  in  him,"  and  consequently, 
he  can  lay  no  claim  to  the  prerogatives  of 
sons.  "  Whosoever  is  born  of  God,  over- 
cometh  the  world,"  and,  of  course,  he  whose 
soul  is  absorbed  in  its  pursuits  and  vanities, 
has  never  been  brought  into  this  Divine  rela- 
tion, but  remains  among  "  the  children  of  the 
wicked  one." 

The  prospects  to  which  the  saints  look  for- 
ward in  the  future  world  are  glorious  and 
magnificent,   beyond    any  thing   which   this 


world  can  present,  or  which  human  imagina 
tion  can  depict.  In  that  world,  there  are 
scenes  and  objects  calculated  to  gratify  the 
sublimest  faculties  of  the  immortal  spirit;  an 
enlarged  sphere  of  contemplation — the  beatific 
vision  of  God  in  the  effulgence  of  his  glory — 
"  fullness  of  joy"  a  treasure  in  the  heavens 
that  fadeth  not — an  incorruptible  inheritance, 
—and  "  an  exceeding  great  and  an  etf  ^'^lal 
weight  of  glory." 

If  Christians,  then,  believe  in  the  existence 
of  such  grand  and  substantial  realities,  and 
have  the  lively  hope  of  entering,  ere  long,  into 
their  full  possession, — is  it  consistent  v/ith 
such  exalted  hopes,  and  such  animating  pros- 
pects, to  have  their  chief  affections  placed  on 
the  vain  and  transitory  objects  of  this  earthly 
mansion,  which  must  soon  be  snatched  from 
their  embrace?  And  how  can  they  say  it  is 
otherwise,  if  they  are  found  grasping  their 
worldly  treasures  so  firmly,  that  nothing  but 
a  small  fraction  can  be  squeezed  from  them 
for  the  cause  of  God  and  the  renovation  of 
the  world  ]  What  should  we  think  of  a  man 
come  to  his  full  stature,  devoting  the  greater 
part  of  his  time  and  attention  to  amusing  him- 
self with  tops,  marbles,  and  cherry-stones,  as 
when  he  was  a  child,  and  setting  a  higher 
value  upon  them  than  upon  all  the  serious 
employments  of  life]  We  should  imme- 
diately denounce  him  as  a  fool,  or  a  maniac, 
or,  at  least,  as  one  who  acted  with  the  most 
glaring  inconsistency.  What  should  we  think 
of  a  set  of  mariners,  sent  to  circumnavigate 
and  explore  a  large  continent,  stopping  in  the 
midst  of  their  course  in  an  insignificant  island, 
and  employing  themselves  in  catching  mus- 
quitoes,  or  fishing  for  shrimps,  without  at- 
tempting to  prosecute  their  course '!  or  of  a 
traveller,  on  an  important  embassy  to  a  large 
city,  taking  up  his  abode  at  an  inn,  in  the 
midst  of  his  journey,  and  amusing  himself  for 
days  and  weeks  with  gathering  shells,  or  with 
the  humours  of  a  fair,  instead  of  prosecuting 
the  object  of  his  expedition]  It  is  equally 
preposterous  and  inconsistent  for  a  man  who 
professes  to  be  "  born  from  above,"  and  to  be 
travelling  to  heaven,  as  the  place  of  his  ulti- 
mate destination,  to  have  his  heart  glued  to 
the  treasures  of  this  world,  and  "to  boast 
himself  in  the  multitude  of  his  riches." 

Let  Christians,  then,  throw  off  every  earthly 
encumbrance,  and  arise  and  act  in  a  manner 
befitting  their  celestial  pedigree,  and  their 
high  destination.  For  what  are  the  treasures 
of  time  to  him  who  is  begotten  to  the  lively 
hope  of  an  incorruptible  inheritance  ]  What 
are  the  frowns  of  fortune  to  him  who  claim,a 
the  celestial  world  as  his  eternal  portion? 
What  are  thousands  of  guineas,  or  dollars,  to 
an  exceeding  great  and  an  eternal  weight  of 
glory  ]  What  are  the  honours,  the  titles,  and 
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the  pagcfintry  of  this  passing  scene,  in  com- 
parison of  the  riches  and  grandeur  of  the 
N'ew  Jerusalem,  and  the  dignity  of  being 
*'  kings  and  priests"  to  the  "  Father  of  glory," 
in  the  mansions  not  made  with  hands,  eternal 
in  the  heavens'?  As  heaven  in  its  height  far 
surpasses  the  circle  of  this  lower  world,  as  the 
earth  is  but  a  point  in  comparison  to  the  wide 
extended  universe,  and  as  time,  with  its  cir- 
cling yea/s,  is  but  a  moment  to  the  ages  of 
eternity ;  such  ought  to  be  the  hopes  and 
affections  of  Christians,  in  comparison  of 
earthly  possessions,  and  of  every  sublunary 
misfortune.  Were  such  views  fully  realized, 
and  duly  appreciated ;  were  we  living  under  the 
powerful  influence  of  that  faith,  which  is  "  the 
confi  lent  expectation  of  things  hoped  for,  and 
ths  ;otiviction  of  things  which  are  not  seen ;" 
were  the  great  realities  of  the  eternal  world, 
as  they  ought  to  be,  ever  present  to  our  view, 
in  all  their  grandeur  and  importance,  a  very 
different  display  would  be  made  of  riches  from 
what  we  now  behold,  and  multitudes,  who  now 
stand  aloof  when  called  upon  for  contributions 
to  the  service  of  God,  would  come  cheerfully 
forward, "  bringing  their  gold  and  incense,  and 
showing  forth  the  praises  of  the  Lord." 

II.  I  shall  next  offer  a  feiv  considerations 
to  the  COVETOUS,  whether  professing  or  re- 
jecting Christianity. 

From  what  has  been  stated  in  the  preceding 
pages,  and  particularly  in  the  preceding  article, 
it  will  not  be  difficult  for  any  one  to  discern 
whether  covetousness  or  an  opposite  affection 
rules  in  the  heart.  To  those  whose  con- 
sciences declare  that  they  are  under  the  in- 
fluence of  this  debasing  passion,  I  would 
ea.  iiestly  call  their  attention  to  the  following 
considerations. 

1.  Consider  that  wealthy  however  great, 
cannot  secwe  you  from  misery  and  calamity* 
The  rich  man  is  as  much  exposed  to  the  afHic- 
tions  and  accidents  of  human  life  as  the  poor, 
and  sometimes  his  very  riches,  in  which  he 
trusts,  are  the  means  of  exposing  him  to  dis- 
eases and  dangers.  A  chimney  top,  or  even 
a  tile  falling  from  a  house,  will  kill  a  noble- 
man as  well  as  a  beggar.  When  infectious 
fevers  are  raging  around,  when  the  cholera 
is  sweeping  away  hundreds  in  the  course  of  a 
day,  can  wealth  prevent  its  ravages,  or  secure 
you  from  its  attacks  ]  When  the  thunders 
are  rolling  along  the  clouds,  and  the  lightnings 
flashing  amidst  the  dismal  gloom,  can  riches 
secure  you  from  the  lightning's  stroke,  or  pre- 
vent your  hay  or  corn  from  being  set  on  fire  ? 
WJien  you  are  crossing  the  ocean  in  pursuit 
of  gain — w4ien  you  behold  the  tempest  raging, 
and  the  waves  rolling  mountains  high,  can 
your  treasures  still  the  stormy  ocean,  or  pre- 
vent your  being  engulfed  in  the  devouring 
deep  ?  In  such  cases,  the  king  and  the  pea- 
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sant  are  on  a  level,  and  equally  impotent  io 
control  the  laws  of  nature,  or  to  counteract 
the  operations  of  the  Most  High.  How  many 
instances  do  we  see  of  persons  in  the  prime 
of  life,  possessed  of  wealth  and  honours,  and 
in  the  midst  of  all  their  earthly  hopes  and 
schemes,  cut  off  in  a  few  days,  and  sometimes 
in  a  moment,  by  a  burning  fever,  by  a  fall 
from  a  horse,  the  overturning  of  »  ch.ariot,  or 
by  an  unexpected  conflagration!  It  was  but 
a  little  while  ago,  that  a  lady  of  noble  rank, 
of  great  wealth,  adorned  with  the  richest 
jewels,  distinguished  for  her  splendid  enter- 
tainments, and,  while  she  was  preparing  for  a 
magnificent  fete,  on  the  ensuing  day,  was  in- 
volved, while  sitting  in  her  apartment,  in  a 
sudden  and  mysterious  conflagration,  and  her 
body  and  jewels  reduced  to  an  invisible  gas, 
so  that  no  trace  of  them  except  a  few  small 
burnt  fragments  of  bones  has  yet  been  founds 
But  accidents  apart — riches  cannot  ward  olT 
those  diseases  which  may  prevent  all  com- 
fortable enjoyment  from  their  possession.  The 
greatest  wealth  you  can  accumulate  leaves 
you  still  liable  to  the  attacks  of  the  gout,  the 
epilepsy,  the  palsy,  the  asthma,  the  burning 
fever,  the  gravel,  the  ague,  and  to  the  loss  of 
sight,  hearing,  tasting,  and  feeling,  and  to  in- 
numerable other  disorders,  so  that  the  most 
splendid  spectacles,  the  most  exquisite  music, 
or  the  most  costly  viands,  may  be  unable  to 
convey  any  real  enjoyment.  Under  such  dis- 
eases, to  which  all  are  liable,  the  most  splendid 
estate  can  afford  little  or  no  alleviation ;  and 
the  possessor  of  thousands  or  millions  of 
pounds  may  feel  far  less  enjoyment  than  the 
poorest  peasant ; — nay,  may  smart  under 
pains  of  body  and  agonies  of  mind,  to  which 
the  beggar  expiring  on  a  dunghill  is  an  utter 
stranger.  Wealth,  with  all  its  gorgeous  trap- 
pings, cannot  prevent  the  pain  of  surgical 
operation,  the  bitter  taste  of  nauseous  medi- 
cines, the  agonizing  throes  of  suflTering  nature, 
the  terrors  of  a  guilty  conscience,  or  the  fear- 
ful forebodings  of  a  future  judgment.  And, 
therefore,  the  man  who,  in  such  circumstances, 
has  no  better  comforter  than  the  idea  of  the 
greatness  of  his  richness,  is  one  of  the  most 
miserable  objects  in  creation. 

2.  Consider  the  uncertainty  of  riches.  It 
is  only  during  the  continuance  of  Hfe  that 
earthly  possessions  can  be  enjoyed.  "For 
when  you  die,  you  can  carry  nothing  hence, 
your  glory  cannot  descend  after  you  to  the 
dust."  "  But  what  is  your  life  ?"  It  is  only 
"  like  a  vapour,"  which  a  small  breath  of  wind 
may  soon  blow  away.  In  a  moment,  in  the 
twinkling  of  an  eye,  while  you  are  hoarding 
up  treasures,  and  trusting  in  the  abundance 
of  your  riches — or  even  you  are  aware — the 
decree  of  heaven  may  go  forth,  as  in  the  case 
of  the  rich  man  in  the  parable,  "  This  night 
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thy  Boul  sliall  be  required  of  thee."  Almost 
avGiy  newspaper  that  comes  to  our  hands,  and 
almost  ever}"  returning  day,  bear  witness  to 
such  sudden  transitions  from  time  to  eternity. 
While  mortals  are  reclining  on  the  lap  of 
ease,  their  hearts  overcharged  with  surfeiting 
and  drunkenness,  running  the  giddy  rounds 
of  flishionable  dissipatioi?  or  working  all  man- 
ner of  unclean ness  wi*h  greediness — while 
imagining  themselves  secure,  and  foreboding 
no  evil — death  interposes,  at  a  day's  or  even 
a  moment's  warning,  cuts  down  their  mor<-al 
frames,  and  summons  their  spirits  to  appear 
before  the  Judge  of  all.  But  although  lifi  be 
continued,  the  wealth  in  which  you  place 
your  confidence  may  soon  be  snatched  from 
your  possession.  The  providence  of  God  has 
many  ways  by  which  to  change  the  greatest 
prosperity  of  this  world  into  the  greatest 
misery  and  adversity,  and,  in  a  moment,  to 
throw  down  the  fortune  of  the  proudest  aspirer 
after  wealth,  in  order  to  make  him  contem- 
plate his  sin  in  his  punishment.  Such  a 
change  in  your  fortune  may  be  produced, 
either  by  the  rapine  of  enemies  or  the  treachery 
of  friends,  by  your  own  avarice  or  folly,  or  by 
the  malice  or  revenge  of  your  enemies,  by  the 
prodigality  of  your  children  or  the  unfaith- 
fulness or  your  servants.  The  elements  of 
nature,  the  hurricane,  the  tempest,  the  over- 
whelming deluge  may  conspire  for  your  ruin. 
Your  ships  may  be  dashed  to  pieces  on  rocks 
or  shoals,  or  a  sudden  conflagration  may  lay 
all  your  boasting  hopes  prostrate  in  the  dust. 
And  wilt  thou  place  thy  confidence  in  such 
uncertain  possessions'!"  "Wilt  thou  set 
thine  eyes  upon  that  which  is  not ;  for  riches 
certainly  make  themselves  wings  ;  they  fly  as 
an  eagle  towards  heaven." 

3.  Consider  the  folly  and  iinreasonahleness 
of  covetous  affections.  This  will  appear,  in 
the  first  place,  if  you  consider,  that  riches  con- 
sidered in  themselves  without  regard,  to  their 
use  are  of  no  value  whatsoever.  Suppose  a 
man  could  lay  up  a  stock  of  clothes  and  pro- 
visions sufficient  to  last  him  for  300  years, 
what  would  it  avail  him,  if  he  is  certain  that 
he  cannot  live  above  seventy,  or,  at  farthest, 
above  a  hundred  years  1  Suppose  he  laid  up 
in  a  storehouse  70,000  pair  of  shoes,  to  what 
end  would  it  serve,  if  he  could  make  use, 
during  his  whole  life,  of  only  the  one-hun- 
dredth part  of  them  1  He  would  be  in  the 
same  condition  as  a  man  who  had  a  hundred 
dishes  placed  before  him  at  dinner,  but  who 
could  I  >h\y  partake  of  one,  or  of  a  person  who 
had  a  hundred  mansions  purchased  for  his 
residence,  but  who  could  occupy  only  one. 
The  same  thing  may  be  said  of  pounds,  shil- 
lings, and  dollars,  which  are  of  no  use  in 
themselves,  but  only  as  they  are  the  repre- 
sentations of  articles  of  necessity  and  luxury 


which  they  may  be  the  mean  3  of  prorufinfy. 
How  ridiculous  would  it  appear,  if  all  that 
could  be  said  of  a  man  while  he  lived,  was 
simply  this — that  his  whole  life  was  occupied 
in  collecting  and  laying  u})  in  a  storehouse 
60,000  mahogany  chairs,  which  were  never 
intended  to  be  used  for  the  furniture  of  apa.t- 
ments,  or  80,000  pair  of  trousers  which  were 
never  to  be  worn  ?  And  where  is  the  differ- 
ence in  point  of  rationality  and  utility,  bfr- 
tween  such  absurd  practices,  and  hoarding 
thousands  of  guineas  or  bank-note?  which  are 
never  brought  forth  for  the  benefit  of  man- 
kind 1  There  is  no  conduct,  connected  with 
the  pursuits  of  human  beings,  that  appears 
more  mean,  contemptible,  and  absurd,  than 
such  practices  (however  common)  if  examined 
by  the  dictates  of  reason  and  the  word  of  God. 
The  folly  of  covetousness  likewise  appears 
in  this,  that  its  objects  cannot  afford  solid 
satisfaction  to  the  mind.  Wealth  can  neither 
convey  new  senses,  or  open  new  avenues  to 
pleasure,  nor  block  up  the  passages  of  pain 
and  anguish.  It  cannot  produce  inward  peace, 
equanimity,  domestic  comfort,  or  a  delightful 
self-consciousness  of  virtue,  or  of  the  Divine 
approbation.  On  the  contrary,  the  passion  of 
covetousness  is  uniformly  attended  with  men- 
tal anxiety,  inquietude,  restless  and  insatiable 
desires,  and  keeps  its  votaries  in  continual 
fear  of  losing  what  they  have  acquired,  so  that 
they  are  generally  fretful  and  discontented,^ 
and  in  a  Rind  of  hell  of  their  own  creating. 
However  much  they  may  have  acquired,  they 
are  still  in  the  pursuit  of  more ;  and  the 
riches  of  the  whole  world,  were  it  possible  to 
obtain  them,  would  be  inadequate  to  satisfy 
their  desires.  In  their  mad  career  of  gain, 
they  will  rush  forward  with  the  utmost  impe- 
tuosity, even  at  the  hazard  of  losing  all  that  they 
had  formerly  toiled  for  and  amassed.  Marcus 
Crassus,  a  celebrated  Roman,  surnamed  the 
Rich,  had  above  500  talents  left  him  to  begin 
the  world  with,  and  by  his  excessive  covet- 
ousness, scraped  together  vast  sums  of  money. 
Being  desirous  to  know  at  a  certain  period, 
what  his  estate  amounted  to,  it  was  summed 
up  at  seven  thousand  one  hundred  talents,  or 
about  seven  millions  nine  hundred  and  eighty 
seven  thousands  of  British  pounds.  But  it 
appears,  this  immense  treasure  was  not  suffi- 
cient to  satisfy  his  avaricious  passion ;  for, 
casting  an  evil  eye  upon  the  treasure  of  the 
Parthians,  he  marched  with  a  great  force 
against  them,  and,  being  defeated,  and  taken 
prisoner,  the  Parthian  general  gave  orders  to 
cut  off  his  head,  and  pour  melted  geld  down 
his  throat,  to  upbraid  his  excessive  covetous- 
ness, that  never  thought  he  had  enough. 
Such  are,  not  unfrequently,  the  results  of 
excessive  avarice,  and  such  the  termination 
of  all  the  desires  and  passions,  the  hopes  and 
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fears,  tlie  anxieties  and  pursuits,  which  are 
engendered  by  covetousness.  Happiness  never 
would  have  been  expected  to  result  from  the 
pursuits  and  enjoyments  of  avarice,  if  man 
had  retained  the  full  exercise  of  his  reason, 
and  had  never  fallen  from  his  original  estate. 

The  misery  and  folly  of  avarice  may  be 
illustrated  by  the  following  recent  occurrence, 
extracted  from  the  "  Sunday  Times,"  of  Oct. 
4,  1835.  "A  few  days  since,  an  old  miser, 
named  Webb,  who  has,  for  several  years,  re- 
sided in  an  obs(^ure  lodging  in  Barrack  court, 
Woolwich,  called  upon  Mr.  White,  a  broker, 
residing  in  Powis  street,  in  the  same  parish, 
to  inquire  whether  he  would  allow  him  to 
lodge  with  him,  as  he  had  been  imcomfortahle 
for  some  time  past.  The  request  was  com- 
plied with,  and,  in  the  course  of  the  evening, 
he  took  possession  of  his  new  apartments. 
He  had  retired  to  rest  but  a  very  short  time 
before  he  was  taken  ill,  and  at  his  request, 
two  medical  men  were  sent  for.  Upon  the 
arrival  of  Messrs.  McDonald  and  Gaul,  they 
pronounced  him  to  be  in  a  dying  state,  which 
was  no  sooner  communicated  to  the  patient, 
than  he  ordered  an  attorney  to  be  sent  for,  as 
he  wished  to  make  his  will.  An  attorney  was 
speedily  in  attendance.  The  old  man  raising 
himself  upon  the  bed,  bequeathed  to  his 
daughter  £100,  to  three  nephews,  £30,  £40, 
and  £50  each.  Upon  being  asked  if  he  had 
a  wife,  he  replied  '  Yes,'  but  he  had  been 
parted  from  her  three  times ;  that  she  had 
been  in  a  workhouse  near  Stroud,  in  Kent,  for 
a  number  of  years,  and  that  he  did  not  intend 
to  leave  her  a  single  penny.  He  had  also 
two  brothers  and  another  daughter,  who  had 
all  (he  said)  behaved  ill  towards  him,  and  he 
would  leave  them  nothing.  Upon  being  asked 
to  whom  he  left  the  residue  of  his  property, 
he  replied,  *  To  Mr.  White  for  his  kindness,* 
at  the  same  time  handing  the  attorney  a  paper, 
which,  upon  being  opened,  was  found  to  con- 
tain securities  for  upwards  of  £800  in  the 
Bank  of  England,  so  that  Mr.  White,  (who 
is  sole  executor,)  will,  after  paying  the  re- 
spective legacies,  clear  upwards  of  £500  for 
his  lodger,  who  continued  to  get  worse  and 
died  on  Sunday.  It  is  a  remarkable  fact,  that 
the  deceased  (who  was  75  years  of  age)  has 
been  frequently  seen  to  pick  up  bones  and 
rags  in  the  street,  and  put  them  in  his  pocket ; 
and  at  the  time  of  his  death  he  was  in  a  most 
filthy  condition." 

Here  we  have  a  picture  of  a  poor  wretch, 
who  appears  to  have  ^pent  the  greater  part  of 
a  long  life  in  scraping  together  £800,  and,  at 
last,  bestowing  the  greater  part  of  it  upon  an 
entire  stranger.  We  behold  him  neglecting 
his  own  family,  and  his  nearest  relatives  ;  and, 
almost  in  the  very  agonies  of  death,  indulging 
rauplacable  resentment  against  his  own  daugh- 
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ter,  and  the  wife  of  his  bosom,  and  lea>ing 
her  to  be  maintained  on  public  charity,  when 
he  had  enough  and  to  spare.  He  displayed 
himself  to  be  little  short  of  a  thief  and  a  rob- 
ber, as  most  misers  are.  He  robbed  the  public 
in  leaving  his  wife  to  be  maintained  in  a  poor- 
house,  he  robbed  his  wife,  and  children  in  de- 
priving them  of  what  they  had  a  natural  right 
to,  and  giving  it  to  a  stranger  :  he  robbed  God 
of  his  tithes  and  offerings,  in  bestowing  no 
portion  of  his  substance  in  his  service,  and  he 
robbed  kiniself  in  depriving  himself  of  the 
good  opinion  of  his  fellow-men,  and  of  those 
enjoyments  which  might  have  rendered  him 
comfortable  and  happy.  It  is  more  than  pro- 
bable, that  all  his  domestic  broils  :ind  conten- 
tions, and  the  alienation  of  affection  he  ex- 
perienced, were  the  results  of  his  niggardly 
and  avaricious  disposition.  Who  that  enjoyed 
peace  and  contentment  would  en^y  either  the 
life  or  the  dying  hours  of  such  a  wretched 
being  1  Y'et  such  are  the  rewards,  such  the 
folly  and  wretchedness  of  those  who  surren- 
der themselves  to  the  power  and  dominion  of 
covetousness.  If  riches  could  procure  true 
happiness,  even  in  the  present  hfe,  there 
might  be  some  apology  for  pursuing  them 
with  eageniess ;  but  even  this,  they  are  in- 
adequate to  confer;  for  experience  demon- 
strates, that  their  votaries  are  frequently 
among  the  most  wretched  of  the  human  race 
— a  prey  to  restless  and  malignant  passions, 
and  despised  by  their  fellow-men. 

The  folly  of  covetousness  will  further  ap- 
pear, if  we  consider,  that  the  objects  which  it 
pursues  are  not  to  be  compared,  in  point  of 
grandeur  and  enjoyment,  with  those  which 
are  within  the  reach  of  all.  Wealth  can 
command  stately  buildings,  splendid  apart- 
ments, gorgeous  apparel,  marble  statues,  cu- 
rious pictures,  gold  and  silver  vessels,  spacious 
gardens,  and  other  objects  which  the  world 
calls  noble  and  magnificent.  But  "what  good 
is  there  to  the  ov/ners  thereof,  saving  the  be- 
holding of  them  with  their  eyes."  Every 
spectator  that  has  a  taste  for  such  objects  may 
enjoy  the  pleasure  arising  from  the  sight  of 
them  as  well  as  the  possessor.  Every  gar- 
dener and  labourer  on  a  nobleman's  estate  may 
participate  of  the  pleasure  of  viewing  his 
improvements,  as  well  as  the  owner  him^elf, 
But,  what  are  all  the  gorgeous  toys  and  trap- 
pings of  art,  or  the  beauties  which  genius  can 
invent,  or  riches  purchase,  compared  with  the 
beauties  and  magnificence  of  Nature  1  W^hat 
are  the  glitterings  of  the  most  pompous  pro- 
cession, or  the  splendour  of  a  Vauxhall,  ir. 
comparison  of  the  august  spectacle  of  the  ver- 
nal sun  rising  in  unclouded  majesty,  diffusing 
his  beams  over  surrounding  worlds,  gladden- 
ing the  animal  tribes,  and  shedding  a  radiance 
on   every    object   in   our   terrestrial   sphere  ^ 
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There  is  not  a  scene,  though  finished  with 
the  most  costly  refinements  of  art,  comparable 
to  the  splendour  and  magnificence  of  the  sun 
rising  in  his  glory.  All  on  earth  appears  a 
dreary  waste  till  the  aurora  brightens  up  the 
East,  as  the  harbinger  of  the  orb  of  day : — then 
the  plains  are  arrayed  in  verdure,  the  flowers 
put  forth  their  colours,  the  glittering  spires 
appear,  the  birds  warble  from  spray  to  spray, 
and  renewed  life,  activity,  and  beauty,  appear 
throughout  our  lower  creation — as  if  a  new 
world  had  emerged  from  chaotic  darkness. 
What  are  the  finest  varnishings  of  art  com- 
pared with  the  polishings  of  the  bodies  of 
insects,  or  of  sea-shell  —or  the  most  exquisite 
pieces  of  machinery  to  the  mechardsm  of  a 
plant,  a  gnat,  or  a  microscopic  animalcula'? 
Above  all,  what  can  be  compared  to  the 
glories  of  the  unclouded  firmament,  where 
suns  unnumbered  shine,  and  myriads  of 
mighty  worlds  run  their  ample  rounds  1  Yet 
all  such  august  and  splendid  scenes,  with  all 
the  variety  of  beauty  and  magnificence,  with 
which  the  Almighty  has  adorned  his  vast 
creation — which  are  open  to  the  contempla- 
tion of  all  are  overlooked  by  the  worldling  as 
unv^'orthy  of  his  regard. 

In  short,  the  folly  of  covetousness  appears 
in  its  most  striking  light,  in  preferring  ob- 
jects which  are  seen  and  temporal  to  those 
which  are  unseen  and  eternal.  We  can 
scarcely  have  an  adequate  idea  of  the  extreme 
folly  implied  in  such  conduct,  unless  we  could 
form  some  adequate  conception  of  what  is  in- 
cluded in  the  word  Eternal.  To  enable  us 
to  form  some  faint  conception  on  this  point, 
some  of  our  old  writers  have  suggested  the 
following  illustration :  Suppose  the  whole 
earth  to  be  made,  up  of  particles  of  sand,  and 
suppose  a  bird  to  come  every  thousand  years 
to  pick  up  and  fly  away  with  one  grain,  how 
immense  must  be  the  duration  before  the 
whole  sands  which  compose  the  earth,  could, 
by  this  slow  process,  be  removed  !  as  many 
thousands  of  years  as  there  are  particles  of 
sand  in  the  whole  globe  of  the  earth, — which 
would  amount  to  the  following  number  of 
years,  .30,000,000,000,000,000,000,000,000,- 
000,000,000,  or  thirty  thousand  septillions 
of  years  !  Yet  this  immense  period  of  duration 
is  still  but  as  a  point,  or  a  moment,  when 
compared  with  eternity  [  On  such  a  supposi- 
tion, the  Schoolmen  stated  the  following  ques- 
tion. "Suppose  that  you  had  it  in  your 
choice  to  be  happy  all  the  while  this  prodi- 
gious mass  of  sand  was  consuming,  by  this 
slow  method,  till  there  was  not  a  grain  of  it 
left,  on  condition  you  were  to  be  miserable 
for  ever  after ; — or,  supposing  you  might  be 
happy  for  ever  after,  on  condition  you  would 
be  miserable,  till  the  whole  mass  of  sand  were 
removed  or  annihilated,  at  the  rate  of  one  grain 
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of  sand  in  a  thousand  years — which  of  these 
two  cases  would  you  make  your  choice  '!"  Ii 
must  be  confessed,  that,  at  first  view,  consider- 
ing the  extreme  length  of  the  period — which, 
to  our  limited  view,  appears  like  an  eternity 
itself — we  should  be  apt  to  choose  the  former 
in  preference  to  the  latter.  But  our  reason 
tells  us,  that  the  latter  ought  to  be  our  choice, 
since  there  is  no  comparison  between  the  one 
duration  and  the  other,  any  more  than  there 
is  between  a  unit,  and  the  greatest  number  of 
figures  or  sums  we  can  pos^bly  suppose. 
What,  then,  must  be  the  extreme  folly  of 
those  who  for  the  sake  of  enjoying  a  few  fleet- 
ing baubles,  for  20,  30,  or  40  years,  or  at  the 
utmost,  for  "  three  score  years  and  ten,"  will 
run  the  risk  of  experiencing  all  that  is  in- 
cluded in  the  idea  of  a  miserable  eternity  ! 
How  can  we  sufficiently  denounce  the  stu- 
pidity and  madness  of  those  who,  resolutely 
and  determinately,  make  so  al)surd  and  irra- 
tional a  choice  1  especially,  when  we  consider, 
that  even  in  this  life,  the  path  of  contentment, 
and  the  ways  of  wisdom  and  holiness,  are 
ways  of  pleasantness  and  peace  !  To  prefer 
trifles  to  the  most  momentous  objects,  shadows 
to  realities,  the  toys  of  time  to  the  treasures 
of  eternity — if  any  thing  may  be  termed  folly 
and  madness— such  conduct  ought  to  brand 
every  one  who  is  guilty  of  it,  in  whatever 
sphere  he  moves,  with  the  appellation  of  a 
fool  or  a  maniac. 

If  then,  riches  are  only  valuable  in  propor 
tion  to  their  use — if  they  cannot  afford  solid 
satisfaction  to  the  mind — if  the  objects  which 
the  worldling  pursues  are  not  to  be  compared 
in  point  of  grandeur  to  those  which  are  with- 
in the  reach  of  all — and  if  he  prefers  shadows 
to  realities,  and  fleeting  objects  to  eternal  en-' 
joyments — it  must  be  folly  in  the  extreme 
for  a  rational  being  to  have  his  affections 
placed  upon  them  as  the  ultimate  object  of 
his  pursuit. 

4.  Consider  in  what  light  the  objects  of 
covetousness  will  be  viewed,  and  what  comfort 
they  will  afford  at  the  approach  of  death. 

When  your  soul,  which  has  long  been  im- 
mersed in  the  cares  of  the  world,  feels  itself 
hovering  on  the  verge  of  life,  and  about  to 
take  its  flight  into  the  world  unknown. 

In  that  dread  moment,  when  the  frantic  soul 
Raves  round  the  walls  of  its  clay  tenement, 
Runs  to  each  avenue,  and  shrieks  for  help, 
But  shrieks  in  vain — 

in  what  a  very  diflferent  Ught  will  you  view 
the  perishing  treasures  of  time  fiom  that  in 
which  you  now  behold  them  1  You  now 
trust  in  uncertain  riches,  and  refuse  to  place 
your  confidence  in  the  living  God,  who  is  the 
alone  source  of  felicity.  But,  "  will  riches 
profit  3^ou  in  the  day  of  wrath,"  or  amidst  the 
agonies  of  dissolving  nature  ?  Will  they 
2  E  2  {3.29) 
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smooth  your  dying  pillow,  or  assuage  the 
bitter  anguish  of  your  spuit,  when  heart  and 
flesh  Imgin  to  faint  and  fail '?  Will  they  then 
be  viewed  as  a  sufficient  compensation  for  the 
dismal  forebodings  of  future  wo  which  may 
then  assail  your  conscience,  and  render  you  a 
terror  to  yourself  and  to  all  around  you  1 
Alas !  they  will  only  tend  to  plant  thorns  on 
your  dying  couch,  to  sharpen  every  pang,  and 
to  augment  the  horrors  of  despair.  Con- 
science, now  lulled  af^leep  amidst  earthly 
va.nities,  may  then  awake,  "  like  a  giant  re- 
freshed with  wine,"  and  pierce  your  hearts 
througli  with  unutterable  sorrows.  Many 
striking  instances  of  this  kind  have  been 
witnessed  by  the  ministers  of  religion,  when 
called  upon  to  attend  the  death-bed  of  the 
worldly  and  profane.  "Had  I  now  a  thou- 
sand worlds,"  said  a  certain  worldling,  who 
bore  a  fair  character,  '•  Had  I  a  thousand 
worlds,  I  would  give  them  all  for  one  year 
more,  that  I  might  present  to  God  one  year 
of  such  devotion  and  good  works  as  I  never 
before  so  much  as  intended."  The  noble 
Altamont,*  who  had  spent  his  life  in  all  the 
fashionable  dissipations  of  the  world,  a  little 
before  his  death,  on  hearing  the  clock  strike, 
exclaimed  with  vehemence,  "  O  Time !  Time  ! 
It  is  fit  thou  shouldst  thus  strike  thy  murderer 
to  the  heart.  How  art  thou  now  fled  for  ever  ! 
A  month  !  0  for  a  single  week !  1  ask  not 
for  years — though  an  age  were  too  little  for 
the  much  I  have  to  do."  And  a  little  after- 
wards, "  This  body  is  all  weakness  and  pain, 
but  my  soul,  as  if  strung  up,  by  torment,  to 
greater  strength  and  spirit,  is  full  powerful 
to  reason,  full  mighty  to  suffer."  Cardinal 
Wolsey,  whose  grand  aim  through  life  was 
worldly  aggrandizement,  a  little  before  he 
died,  declared  with  anguish,  in  the  midst  of 
his  disgrace,  "  Had  I  but  served  God  as  dili- 
gently as  I  have  served  the  king,  he  would 
not  have  given  me  over  in  my  gray  hairs." 
In  like  manner,  many  a  one  at  the  hour  of 
dissolution  will  have  to  exclaim,  "If  I  had 
been  as  anxious  to  attend  to  the  eternal  inte- 
rests of  my  immortal  spirit,  as  to  lay  up  trea- 
sures which  I  can  never  use,  I  would  not  have 
been  left  to  suffer  the  pangs  of  remorse  which 
I  now  feel." 

Such  considerations  demand  the  most  seri- 
ous attention  of  those  who  have  grown  old 
in  the  habits  of  covetousness,  and  whose  gray 
hairs  and  infirmities  warn  them  that  they  are 
on  the  confines  of  the  grave.  It  has  been  re- 
marked, that,  as  in  winter,  the  roots  of  plants 
retain  the  sap,  when  the  branches  have  lost 
their  leaves  and  verdure,  so,  in  old  age,  the 
winter  of  life,  covetousness,  "  the  root  of  all 
evil,"   retains   its  vigour,  when   other  vices 

■  =?'ir)no^5Pfl  to  be  Lord  Euston. — Young's  "Cen- 

ta;  r  n  *?  fibulous." 
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have  withered,  and  fallen  into  decay.  It  m 
strange,  indeed,  but  not  more  strange  than 
true,  that  the  nearer  such  men  approach  to 
the  earth,  they  become  more  earthly-minded, 
so  that,  at  the  evening  of  life,  tbey  appear  a3 
if  they  were  providing  for  a  long  and  prosper- 
ous day.  No  one  is  more  fearful  of  want,  and 
more  hard  and  griping,  than  the  old  miser, 
who  is  just  about  to  step  into  the  grave. 
While  other  vicious  propensities  are  weakened 
by  the  lapse  of  time,  covetousness  derives  new 
life  and  vigour,  as  age  increases.  Like  a 
patient  in  the  dropsy,  whose  thirst  is  inflamed 
by  drinking,  the  desires  of  the  covetous  are 
augmented  by  increasing  riches,  and  they  are 
never  more  tainted  with  earthly  alTections, 
than  when  their  bodies  are  about  to  be  re- 
duced to  their  original  dust. 

The  difficulty  of  subduing  such  a  wofiU 
propensity,  especially  in  the  decline  of  life, 
is  great,  and,  in  most  cases,  insurmountable. 
It  is  like  tearing  the  skin  from  the  flesh,  or 
the  flesh  from  the  bones.  There  are  not, 
perhaps,  twenty  out  of  a  thousand,  on  v/hom 
the  most  cogent  or  alarming  arguments  will 
have  the  least  efTect  in  av/akening  them  to 
consideration,  or  turning  them  from  their 
covetousness.  The  vicious  principle  they  in- 
dulge is  so  subtile,  that  you  cannot  lay  hold 
of  it,  so  as  to  render  it  tangible.  It  is  so 
deeply  seated,  that  you  cannot  draw  it  from 
its  hiding  place  to  make  it  visible  in  the  face 
of  day.  You  may  convince  a  man  who  goes 
on  in  a  regular  course  of  licentiousness  and 
intemperance,  of  the  folly  and  wickedness  of 
his  conduct,  by  showing  him  the  inevitable 
miseries  to  which  it  leads  even  in  the  present 
life.  But  we  have  no  such  hold  on  the  covet' 
ous.  In  reply  to  every  argument,  he  will 
tell  you,  that  what  we  call  covetousness,  is 
only  a  necessary  prudence  to  augment  his 
estate,  and  secure  it  from  danger,  to  provide 
for  the  wants  of  his  family,  and  leave  some- 
thing to  his  children,  when  he  is  gone ;  and 
that  persons  of  great  repute  for  probity  and 
wisdom,  are  found  prosecuting  a  similar 
course.  He  is  univilling  to  be  convinced 
of  his  sin  and  danger,  and  is  like  a  person 
dying  of  a  mortal  disease,  who  yet  perceives 
not  the  malignity  of  the  malady  which  is 
hurrying  him  to  his  grave. 

But  the  difficulty  of  curing  such  a  distemper, 
though  great,  is  not  insurmountable.  While 
there  is  life,  there  is  hope.  Jjct  such  as  enter- 
tain the  least  suspicions,  that  all  is  not  right 
with  them  as  to  this  matter,  seriously  examine 
their  hearts  on  this  point,  and  weigh  the  con- 
siderations which  have  already  been  adduced. 
Above  all  things,  look  up  to  God,  who  alone 
can  heal  your  disease,  and  purify  your  affec- 
tions, and  say  unto  him,  in  the  language  of 
the  Psalmist,  "  Search  me,  O  God,  and  know 
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Erround  which  surrounds  the  exterior  circle  of   scribed  ;  but  it  is  impossible,  by  any  delinea- 

the    mountains.     In    some  of  these    circular  tions,  to  convey  an  iciea  of  the  peculiarities 

ridges  I  have  perceived  a  narrow /;«5S  or  open-  and  the  vast  variety   of  scenery  which   the 

ing,  as  if  intended  to  form  an  easy  passage  or  lunar   surface   presents,  such  as  is  exhibited 

communication  between  the  interior  plain  and  by   a    powerful  telescope   during   the    differ- 

the  regions  beyond  the  exterior  of  the  moun-  ent  stages  of  the  increase  and  decrease  of  the 

tains.     4.    The   next   variety  is   the  central  moon. 

mountains,  or  those  which  are  placed  in  the  Fig.  79  represents  the  moon  in  a  crescent 

middle  of  circular   plains.     In  many  of  the  phase,  for  the  purpose  of  showing  how  the 

plains   and    cavitie.3    surrounded  by  annular  enlightened  tops  of  the  mountains  appear  on 

mountains   there   is    an   insulated  mountain,  the   dark   part  of  the   moon,   detached   as   it 

which  rises  from  the  centre  of  the  plain,  and  were  from  the  enlightened  part,  and  hkewise 

whose  shadow  sometimes  extends,  in  a  pyra-  to  show  how  the  boundary  between  the  light 

midal   form,  across   the   semidiameter  of  the  and    darkness    appears  jagged    and    uneven 

plain  to  the  opposite  ridges.     These  central  indicating   the    existence    of   elevations   and 

mountains  are  generally  from  half  a  mile  to  a  depressions  upon  its  surface.     Fig.  80  repre- 

mile  and  a  half  in  perpendicular  altitude.     In  sents  a  circular  or  elliptical  range  of  moun- 

some  instances  they  have  two  and  sometimes  tains,  surrounding  a  plain  of  the  same  shape, 

three  separate  tops,  whose  distinct   shadows  where  the  shadow  of  that  side  of  the  range 

can  be  easily  distinguished.     Sometimes  they  which  is  opposite  to  the  sun  appears  covering 

are  situated  towards  one  side  of  the  plain  or  the  half  of  the  plain.     Fig.  81   represents  a 

cavity,  but,  in  the  great  majority  of  instances,  circular  plain,  with  the  shadow  of  one  side 

their  position  is  nearly  or  exactly  central.   The  of  the  mountains  which  encompass  it,  and  a 

lengths  of  their  bases  vary  from  five  to  about  central  mountain  with  its  shadow  in  the  same 

fifteen  or  sixteen  miles.  direction.     Fig.  82  exhibits  another  of  these 

The  preceding  figures  may  perhaps  convey  circular  ridges  and  plains.     Several  hundreds 

a  rude  idea  of  some  of  the  objects  now  de-  of  these  circular  cavities  and  plains  are  dis- 
tributed   over   the    lunar   surface, 


Fig.  83. 
North, 


but  they  are  most  abundant  in  the 
southern  regions. 

Fig.  83  exhibits  a  pretty  correct 
view  of  the  full  moon,  as  seen 
through  a  telescope  magnifying 
above  a  hundred  times,  in  which 
the  darker  shades  represent,  foi 
the  most  part,  the  level  portions 
of  the  moon's  surface,  and  the 
lighter  shades  those  which  are 
more  elevated  or  mountainous. 
The  bright  spot  near  the  bottom, 
from  which  streaks  or  streams  of 
light  seem  to  proceed,  is  called 
Tycho  by  some,  and  Mount  Etna 
by  others.  It  consists  of  a  large 
irregular  cavity,  surrounded  by 
mountains;  and  the  streaks  of  light 
are  the  elevated  ridges  of  ranges 
of  mountains,  which  seem  to  con- 
verge towards  it  as  to  a  centre. 
This  is  the  most  variegated  and 
mountainous  region  of  the  lunar 
surface.  Fig.  84  is  a  view  of  the 
moon,  hastily  taken,  when  in  a 
^bbous  phase.  The  shadows  w*; re 
then  comparatively  short,  and  it 
would  require  to  be  engraved  on  a  much  more  From  what  has  been  now  stated  respecting 
extensive  scale  than  our  page  admits  to  show    the  lunar  mountains,  it  will  evidently  appear 


distinctly  the  elevations  and  depressions  at 
the  boundary  between  light  and  darkness. 
Fig.  85  (Nos.  1  and  2)  represent  some  de- 
tached spots  near  the  line  which  separated 
the  dark  and  enlightened  parts  of  the  Kaoon. 
58 


that  there  must  be  a  great  variety  of  sublime 
and  picturesque  scenery  connected  with  the 
various  landscapes  of  the  moon.  If  the  sur- 
face of  that  orb  be  adorned  with  a  diversity  of 
colour  and  with  something  analogous  to  the 
2  Q  M57^ 
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In  the  first  place,  I  would  have  you  con- 
sider, that  a  far  greater  proportion  of  your 
substance  than  has  ever  yet  been  thought  of 
by  Christians  in  general,  should  be  devoted 
to  the  sei'vice  of  God,  and  the  promotion  of 
the  best  interests  of  yoii>r  fellow-men. 

God  is  the  original  proprietor  of  your 
estates ;  from  Him  you  derived  them  ;  and 
if,  by  the  exertion  of  your  own  powers  and 
activities,  you  have  acquired  the  wealth  you 
possess,  you  are  aware,  that  the  faculties  which 
enabled  you  to  acquire  riches,  were  gifts  be- 
stowed upon  you  by  his  bounty,  and  that  the 
train  of  circumstances  which  led  to  your  suc- 
cess, was  the  result  of  the  arrangements  of  his 
Providence.  You  might  have  been  born  a 
changeling,  destitute  of  both  bodily  and  men- 
tal energies ;  you  might  have  been  placed  in 
other  circumstances,  which  would  have  pre- 
vented your  acquisition  of  wealth,  and  doomed 
you  to  perpetual  poverty ;  or  you  might  have 
commenced  your  existence  in  the  centre  of 
New  Holland,  or  the  wilds  of  Patagonia, 
where  you  could  never  have  experienced 
the  blessings  and  privileges  you  now  enjoy. 
Over  all  such  circumstances  you  had  no  con- 
trol; and,  therefore,  you  are  indebted  to  God 
for  all  these  arrangements  of  his  providence, 
which  have  placed  you  in  the  midst  of  your 
present  comforts.  It  is  Gon  who  "hath 
given  you  power  to  get  wealth  ;"  for,  "  both 
riches  and  honour  come  from  Him."  These 
are  truths  which  the  world  in  general,  and 
which  even  Christians  themselves  too  fre- 
quently overlook. 

You  are,  therefore,  bound  by  every  rational 
and  scriptural  tie,  to  consecrate  the  wealth  and 
influence  you  possess  to  his  honour  and  glory. 
He  does  not  call  upon  you  to  part  with  any 
thing  which  is  necessary  to  your  rational  and 
sensitive  enjoyment.  For  the  exuberant 
bount}'^  of  his  providence  is  such,  that  there 
1%  abundance  provided,  in  the  system  of  na- 
ture, for  supplying  the  wants  of  all  his  crea- 
tures, rational  and  irrational,  when  their  desires 
are  confined  within  the  bounds  which  reason 
and  nature  prescribe.  But,  he  has  judged 
proper  to  demand  a  portion  of  the  wealth  of 
voluntary  agents,  to  accomplish  his  benevolent 
and  gracious  purposes  in  the  world  ;  and,  it  is 
a  high  honour  conferred  on  man,  that  he  is 
invited  to  be  "  a  worker  together  with  God," 
in  promoting  the  regeneration  of  the  world. 

You  are  not,  therefore,  to  imagine  that  the 
wealth  you  have  acquired,  is  exclusively  your 
own,  and  that  you  may  do  with  it  as  you 
please.  You  are  bound  as  a  Christian,  by  the 
most  sacred  ties,  to  devote  all  that  is  not 
essential  to  your  rational  comfort,  in  the  situa- 
tion in  which  you  are  placed,  to  such  purposes 
as  I  have  stated  in  a  pi  eceding  chapter.*  And, 


(332^ 


*  See  Chapter  VI.  throughout. 


if  you  entertain  a  lively  sense  of  God's  provi- 
dential goodness  towards  you,  and  of  your  ob- 
hgation  to  Him,  who  hath  redeemed  you? 
souls  from  destruction,  and  crowned  you  with 
spiritual  and  heavenly  blessings ;  you  will  re- 
sign to  his  service  without  a  murmur,  nay^ 
with  the  utmost  cheerfulness,  a  large  portion 
of  those  treasures  which  his  bounty  has  be- 
stowed. 

But,  to  come  to  particulars : — I  shall  sup- 
pose you  have  an  income  of  £800  a  year. 
What  would  you  think  of  devoting  £300  an- 
nually, exclusively  for  the  purposes  to  which  I 
have  alluded  1  You  will,  perhaps,  think  it  is 
bearing  too  hard  upon  you,  to  make  such  a 
demand.  Brit,  can  you  deny,  that  with  the 
remaining  £500,  you  can  enjoy  all  the  sensi- 
tive pleasures  which  a  Christian,  or  any  ra- 
tional man  ought  to  desire.  You  would  perhaps 
require  to  part  with  some  luxury  in  dress, 
food,  clothing,  or  equipage,  which  is  not  es- 
sential to  human  happiness  ;  but,  are  no  small 
sacrifices  to  be  made  for  the  general  good  of 
mankind,  and  to  testify  your  love  to  the  Re 
deemer  1  What,  if  you  were  called  upon  by 
God,  as  the  Apostles  were,  to  forsake  friends, 
and  houses,  and  lands,  for  Christ's  sake,  and 
to  travel  into  foreign  countries,  depending 
every  day  for  supply  on  the  providence  of 
God]  What,  if  you  were  required,  as  was 
once  done,  in  the  case  of  a  certain  rich  in- 
dividual, to  "  sell  all  that  you  have,  and  give 
to  the  poor,"  as  an  evidence  of  the  sincerity 
of  your  Christian  profession  ]  or  what  if  you 
were  required  to  submit  to  persecutions  and 
torments,  Hke  the  first  Christians,  or  to  flee  to 
desarts,  and  rocks,  and  mountains,  like  the 
pious  and  persecuted  Waldenses  1  Would 
you  consider  such  sacrifices  too  great  for  the 
sake  of  your  Redeemer,  and  for  the  oertans 
prospect  of  an  eternal  weight  of  glory  1  If 
not,  how  small  a  sacrifice  is  that  now  de- 
manded, compared  with  the  privations  and 
sufferings  of  those  illustrious  characters  of 
whom  the  world  was  not  worthy,  "  who  wan- 
dered about  in  sheep  skins,  and  goat  skins,  m 
desarts,  in  mountains,  in  dens  and  caves  of  fhe 
earth,  being  destitute,  aflhcted,  tormented  ]" 
What  would  those  Christian  hero(!s  have 
thought,  had  God  thought  proper  to  grant 
them  the  tenth  part  of  your  income  7  PIov 
would  they  have  exulted  in  the  Divine  Benefi- 
cence 1  and,  like  Mr.  Park,  when  he  received 
a  mess  of  pottage  from  an  old  negro  woman 
in  the  wilds  of  Africa — would  have  exclaimed. 
"Thou  hast  prepared  a  table  for  us  in  the 
wilderness,  in  the  presence  of  our  enemies  ;  on? 
cup  runneth  over;  surely  goodness  and  mercy 
shall  follow  us  all  the  days  of  our  lives,  and  we 
shall  dwell  in  the  house  of  the  Lord  for  ever.*' 

To  the  proposal  now  made,  you  will  per- 
haps object,  that  the  station  of  life  in  whicia 
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you  have  hitherto  moved,  requires  you  to 
spend  nearly  all  your  income,  that  you  cannot 
think  of  being  singular,  or  altogether  out  of 
tile  fashion  ;  that  you  must  forego  sumptuous 
entertainments,  and  might  be  considered  by 
your  genteel  friends  and  acquaintances,  as 
mean  and  niggardly  ;  that  you  behoved  some- 
times to  walk,  when  you  might  ride  in  a  car- 
riage ;  that  you  would  be  obliged  to  occupy  a 
house  of  seven  apartments,  instead  of  ten ; 
to  deny  yourself  the  luxury  of  a  fine  painting, 
or  an  elegant  piece  of  furniture,  or  a  sump- 
tuous dress,  similar  to  those  of  your  compeers  ; 
that  you  must  provide  portions  for  your  chil- 
dren, when  you  are  gone  ;  along  with  many 
similar  excuses  which  might  be  brought  for- 
ward. But,  on  the  slightest  reflections,  you 
will  perceive  that  these  are  not  Christian  con- 
siderations, but  arguments  based  on  selfish 
principles  and  worldly  views.  To  bring  for- 
ward such  excuses,  is  virtually  to  declare,  that 
you  consider  the  pomp  and  fashion  of  this  pass-^ 
ing  world  as  more  important  than  promoting 
the  glory  of  Messiah's  kingdom ;  that  you 
would  rather  behold  missionary  enterprises 
frustrated,  and  the  heathen  perishing  by  mil- 
lions, than  part  with  the  luxury  of  a  gig,  or  a 
landau ;  that  you  would  rather  see  the  poor 
starving  and  dying  of  want,  as  they  are  now 
doing  in  a  neighbouring  island,*  than  not  en- 
joy with  your  g'ay  friends  your  accustomed 
splendid  entertainments ;  that  you  would  see 
the  industrious  labourer  without  employment, 
and  living  in  wretchedness,  rather  than  ab- 
stract from  luxury  a  small  sum  for  the  melio- 
ration of  human  beings,  and  the  improvement 
of  society ;  that  you  would  behold  another 
generation  rising  up  in  ignorance  and  vice, 
rather  than  part  with  an  expensive  and  unne- 
cessary piece  of  furniture,  in  order  to  assist  in 
laying  the  foundation  of  universal  instruction; 
or,  that  yoi^  would  rather  see  the  earth  over- 
spread with  desarts,  and  its  inhabitants  living 
in  the  most  wretched  hovels,  than  resign  two 
or  three  apartments  not  necessary  to  your 
comfort,  for  assisting  in  the  renovation  of  the 
world. 

This  is  the  plain  English  of  all  such  selfish 
and  fashionable  excuses ;  and  I  am  sure  that 
no  Christian,  who  has  his  heart  deeply  im- 
pressed with  a  sense  of  Divine  things,  and  of 
his  obligations  to  God,  will  consider  them  as 
valid. 

With  regard  to  laying  up  portions  for  chil- 
dren, I  have  already  oifered  some  remarks, 
which  need  not  be  repeated. 

As  a  follower  of  Christ,  you  are  called  "  to 
take  up  the  cross,"  and  submit  to  some  sacri- 
fices for  his  sake.  The  Christian  life  is  a 
warfare  against  the  world,  and  the  flesh,  and 

*  Ireland  —see  "Report  of  the  Commissioners," 
fee.  and  Appendix 


"  spiritual  wickedness  in  high  places  ;"  and, 
therefore,  you  must  lay  your  account  to  strive 
against  many  of  the  passions  and  propensities 
of  your  nature, — to  counteract,  in  some  cases, 
your  own  taste  and  worldly  feelings,  and  even 
to  be  "accounted,"  as  tlie  Apostles  were,  fools 
for  Christ's  sake."  But  O,  my  Christian 
friend !  how  small  a  sacrifice  is  it  to  resigi! 
enjoyments  which  are  little  more  than  ideal^ 
while  every  comfort  essential  to  human  happi- 
ness, is  still  retained  !  The  consideration  of 
the  happiness  you  may  thus  be  the  means  of 
diffusing  in  various  directions,  ought  to  be  far 
more  than  a  compensation  for  the  slight  sa- 
crifice (if  it  may  be  so  called)  of  a  portion  of 
your  pecuniary  treasures.  The  effect,  too, 
which  your  conduct,  in  this  respect,  may  have 
to  excite  hundreds  of  your  fellow  Christians 
to  follow  your  example,  and  the  influence  it 
may  have,  even  on  future  generations,  should 
be  a  powerful  motive  to  constrain  you  to 
"  devise  liberal  things,"  in  reference  to  the 
cause  of  God  and  religion,  that  you  may  be 
entitled  to  the  highest  rewards  given  to  those 
who  improve  the  talents  committed  to  theii 
trust,  "  Well  done,  good  and  faithful  servant, 
enter  thou  into  the  joy  of  thy  Lord." 

In  the  above  remarks,  I  have  supposed  a 
Christian  to  be  possessed  of  an  annual  income 
of  j£800.  Were  he  possessed  of  an  income 
of  £2000  or  £3000,1  have  no  hesitation  in 
saying,  ttiat  he  ought  to  devote  at  least  the 
one  half  to  the  promotion  of  the  great  objects 
of  religion  and  general  philanthropy,  and  that 
one  whose  income  is  £200  or  under,  not  de- 
scending below  £50  or  £60,  should  devote  at 
least  the  one  tenth  of  it  to  the  same  purpose. 
This  proportion  is  no  more  than  what  was 
imperatively  demanded  by  government,  as  a 
compulsory  tax  on  all  such  incomes,  during 
the  late  war ;  and  the  same  sum  is  now  re- 
quested on  a  voluntary  principle,  for  a  higher 
and  nobler  object. 

Let  Christians  seriously  consider,  as  in  the 
presence  of  God,  and  as  indebted  to  him  for 
the  hope  and  prospects  of  eternal  life,  whether 
they  dare  or  ought  to  refuse  it.  As  to  all 
lower  incomes  than  those  alluded  to,  a  certain 
proportion  ought  likewise  to  be  allotted  for  the 
same  objects,  except  in  the  case  of  absolute 
poverty.  Perhaps  a  twentieth,  or  a  thirtieth 
at  least,  is  the  lowest  rate  or  proportion  which 
should  in  any  case,  be  allotted  to  the  service 
of  God. 

2.  Consider,  that  all  the  pecuniary  cffo7'ts 
you  can  possibly  make  arc  essentially  requi- 
site for  the  enlightening  and  regeneration  oj 
society^  and  that  your  parsimony  may  be  the 
means  of  retarding  the  universal  prmnulgO' 
tion  of  the  gospel, 

I  have  already  shown,  in  chapter  VI.,  the 
vast  extent  of  the  enterprise  to  be  undertaken, 

(33:^ 
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and  of  the  work  to  be  accomplished,  and  the 
immense  suras  requisite  for  carrying  them  for- 
ward ;  from  which  it  will  appear,  that  all  the 
liberality  which  CAery  Christian  can  display,  is 
absolutely  necessary,  in  order  to  promote  the 
renovation  of  the  physical  and  moral  world, 
and  to  dilfuse  the  knowledge  of  divine  truth 
among  the  nations.  Almost  all  the  depart- 
ments of  the  social  state  require  to  be  remo- 
delled— ^universal  education,  on  a  broad  and 
universal  basis,  requires  to  be  established  in 
every  land — the  poor  require  to  be  furnished 
wifh  employment,  instruction,  and  comforta- 
ble habitations — "  the  face  of  the  earth"  re- 
reqnires  to  be  "renewed,"  and  the  desarts, 
marshes,  and  barren  wastes,  transformed  into 
fertile  fields,  and  luxuriant  vegetation — the 
600  millions  which  people  heathen  nations, 
require  to  be  instructed  in  the  knowledge  of 
the  true  God,  and  of  Jesus  Christ  whom  he 
hath  sent — the  "  isles  afar  off  must  be  visited, 
and  vast  continents  explored,  that  their  inha- 
bitants may  be  visited  with  the  day-spring  from 
on  high  and  the  knowledge  of  salvation."  The 
gospel  must  be  published  to  all  nations,  and  the 
way  prepared  for  the  triumphant  reign  of  Mes- 
siah over  all  kindreds  and  people.  Every  valley 
must  be  exalted,  and  every  mountain  and  hill 
must  be  levelled,  to  prepare  a  highway  for  the 
approach  of  Him  "  to  whom  is  given  dominion, 
and  glory,  and  a  kingdom,  that  all  people,  na- 
tions, and  languages,  should  serve  Him" — 
"whose  dominion  is  an  everlasting  dominion, 
and  his  kingdom  that  which  shall  not  be  de- 
stroyed." All  these  extensive  and  important  ob- 
jects require  to  be  accomplished  by  the  com- 
bined efforts  of  the  citizens  of  Zion,  in  connec- 
tion with  the  movements  of  Divine  Providence 
and  the  operations  of  the  Divine  Spirit,  and  an 
imperious  call  is  addressed  to  every  one  to  en- 
gage in  this  holy  enterprise.  Say  not  ye,  there- 
fore, as  the  ancient  Jews, "  The  time  is  not  come, 
the  time  that  the  Lord's  house  should  be  built." 
"  For,  thus  saith  the  Lord  of  hosts,  consider 
your  ways,  go  up  to  the  mountain,  and  bring 
store,  and  build  this  house,  and  I  will  take 
pleasure  in  it,  and  I  will  be  glorified,  saith  Je- 
hovah. Be  strong  all  ye  people  of  the  land, 
and  work,  for  I  am  with  you,  saith  the  Lord 
of  hosts.  For  thus  saith  the  Lord,  it  is  a  little 
while,  and  I  will  shake  the  heavens  and  the 
earth,  and  the  sea,  and  the  dry  land.  And  I 
will  shake  all  nations,  and  the  desire  of  all 
nations  shall  come,  and  I  will  fill  this  house 
with  glory,  saith  the  Lord  of  hosts.  The 
silver  is  mine,  and  the  gold  is  mine,  saith  the 
Lord  of  hosts.  I  will  overthrow  the  throne 
of  kingdoms,  and  I  will  destroy  the  strength 
t>f  the  kingdoms  of  the  heathen,  and  I  will 
five  peace,  saith  the  Lord  of  hosts." 

Now,  therefore,  my  brethren,  listen  to  the 
(334) 


admonition ;  "  Thus  saith  the  Lord  of  host^, 
coxsiuEii  YOUR  ways;"  consider  whethef 
you  have  yet  done  all  that  is  in  your  power, 
to  accomplish  the  purposes  of  the  Most  High, 
Consider  whether  your  indifference  and  par- 
simony have  not  prevented  the  preparations 
requisite  for  rearing  the  spiritual  temple  of 
Jehovah.  And  if  you  are  convinced,  that, 
were  you  weighed  in  the  balance,  you  would 
be  found  wanting,  it  is  now  time  to  make  up 
your  deficiency,  and  to  awake  to  spiritual 
activity,  and  to  holy  enterprises.  Will  you 
allow  the  love  of  the  world  to  prevent  the  ex- 
tension of  the  gospel,  and  to  retard  the  ap- 
proach of  the  millennial  era,  and  the  full 
glory  of  Messiah's  reign  1  Yet  this  ye  do,  if 
ye  do  not  come  forward,  with  cheerfulness,  to 
devote  all  the  treasures  you  can  possibly 
spare,  io  prepare  the  way  for  the  proclama- 
tion among  all  people  of  "the  salvation  of 
our  God."  What  a  sad  reflection  is  it,  should 
conscience  arouse  us,  that  we  have  been 
guilty  of  standing  as  ohstimdions  to  the  pro- 
gress and  prosperity  of  the  Redeemer's  king- 
dom 1  It  is  not  unlikely  that  a  reflection  of 
this  kind  ma}^  occasionally  damp  the  joys  of 
individuals,  even  in  the  celestial  mansions. 
We  are  told  of  some  who  shall  be  saved,  "  yet 
so  as  by  fire^^  implying,  that,  though  they 
shall  be  rescued  from  perdition,  yet  a  mark  of 
disapprobation  will  be  set  upon  certain  parts 
of  their  conduct,  which  will  prevent  them 
from  receiving  the  higher  rewards  of  the 
heavenly  state.  But  every  Christian  should 
so  act  as  to  render  himself  worthy  of  the 
highest  approbation  of  his  Lord  and  master, 
and  of  the  higher  seats  in  the  mansions  of 
bliss.  Those  to  whom  God  has  given  abun- 
dant treasures,  have  the  best  opportunities  of 
thus  distinguishing  themselves ;  and  we  know, 
moreover,  that  "to  whom  much  is  given," 
from  them  "  much  will  be  required."  Let  it 
never  then  be  surmised  of  you,  that  your  con- 
duct appears  as  if  you  set  a  higher  value  on 
the  pomp  and  fashion  of  the  world,  in  laying 
up  treasures  on  earth,  in  providing  portions 
for  your  children,  or  in  living  in  luxurious 
abundance,  than  in  hastening  the  arrival  of 
the  millennium,  or  in  aiming  at  the  highcft 
honours  of  the  celestial  kingdom.  Let  the 
promises  of  your  God  and  Redeemer,  the 
pleasure  of  beholding  the  gradual  progress  of 
the  world's  regeneration,  and  the  glorious 
prospects  presented  to  your  faith,  animate  and 
encourage  you  to  come  forth  as  a  Christian 
hero  in  the  cause  of  universal  benevolence ; 
and  although  you  should  be  sneered  at  by  the 
men  of  the  world,  "  great  shall  be  your  re- 
ward," in  that  kingdom  where  they  vtho  have 
been  instrumental  in  turning  many  to  right 
eousness,  "  shall  shine  as  the  brightnt'ss  of 
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the  firmament,  and  as  the  stars  for  ever  and 
ever."* 

3.  Consider  the  import  of  the  words  of 
your  Redeemer,  ^'- It  is  more  blessed  (or 
happy)  to  give  than  to  receive" 

The  disposition  to  communicate  happiness 
to  fellow-intelHgences,  is  one  of  the  charac- 
teristic traits  of  the  true  Christian,  by  which 
he  is  distinguished  from  the  selfish  and  avari- 
cious soul,  and  from  the  world  that  lieth  in 
wickedness.  It  is  the  source  of  all  natural 
and  moral  good,  the  spring  of  all  public  and 
private  happiness,  and  the  only  real  excellence 
of  moral  and  intelligent  beings.  A  disposi- 
tion to  receive  happiness  from  others,  but 
never  to  be  instrumental  in  imparting  it, 
would  create  a  vast  blank  throughout  the  uni- 
verse ;  and  its  countless  tribes  of  inhabitants 
would  remain  for  ever  destitute  of  enjoyment. 
Creation  might  present  a  scene  of  beauty  and 
fertility  to  the  eye,  but  the  affection  of  moral 
beings  would  be  cold  and  chill  as  the  frosts 
of  winter,  and  their  hearts  would  never  thrill 
with  joy  amidst  surrounding  associates.  But 
from  the  voluntary  and  benevolent  agency  of 
intelligent  beings,  beginning  at  the  great  first 

*  It  is  not  a  little  unaccountable,  on  Christian 
principles,  that  so  many  wealthy  professors  of  re- 
ligion leave  the  world,  without  bequeathing  any 
portion  of  their  substance  for  religious  and  phi- 
lanthropic purposes.  An  aged  gentleman,  a  pro- 
fessor of  religion,  who  had  for  many  years  attended 
a  respectable  dissenting  place  of  worship,  died  a 
few  weeks  asro,  leaving  money  and  property  to  the 
amount  of  £20,000.  But,  although  he  was  unrnar- 
ffied,  and  had  no  children,  nor  brothers  nor  sisters, 
not  a  single  pound  of  it  was  devoted  to  the  public, 
charitable,  or  religious  objects — while  the  one  half 
of  this  sum  might  have  been  appropriated  t,o  such 
objects,  without  the  least  injury  to  surviving  rela- 
tives, most  of  whom  stood  in  no  need  of  it.  About 
a  month  ago,  a  lady  informed  me,  that  a  gentleman 
in  one  of  our  populous  cities  had  died  worth 
£300,000.  I  replied,  in  the  words  of  the  late  J.  B. 
Wilson,  Esq.,  "He  has  died  wickedly  rich."  She 
was  startled  at  the  reply,  and  said  "  that  he  was  a 
respectable  character,  and  had  acquired  his  wealth 
in  an  honourable  way."  I  asked,  how  much  of  it 
he  had  left  for  the  purposes  of  religion  and  philan- 
thropy 7  She  replied,  "  that  she  had  heard  of  no- 
thing being  left  for  such  purposes,  but  he  had,  no 
doubt,  given  during  his  life,  something  for  charita- 
ble objects  ;  and  that  it  was  very  proper  and  duti- 
ful for  a  man  to  provide  for  his  family,  that  they 
may  move  in  their  proper  station  ;  for  we  are  told, 
that  he  who  provideth  not  for  his  household,  hath 
denied  the  faith,  and  is  worse  than  an  infidel,"  &c. 
I  replied,  such  a  man  ought  to  have  left  at  least, 
£20,000,  for  rational  and  religious  purposes,  with- 
out in  the  least  injuring  his  family,  in  whatever 
station  they  were  brought  up,  and  I  could  not  but 
entertain  a  very  low  opinion  of  that  man's  Chris- 
tianity, who  could  accumulate  so  much  wealth, 
and  leave  none  of  it  to  promote  the  cause  of  reli- 
gion and  the  best  interests  of  mankind.  But  my 
worthy  female  friend  could  not  be  persuaded  but 
Jhat  a  man  might  lawfully  do  with  his  own  as  he 
pleaw^'d,  and  that  his  family  were  entitled  to  the 
whole  of  what  he  possessed.  This  is  a  fallacy 
which  ousrht  to  be  removed  from  the  minds  of  pro- 
fessed religionists,  as  it  implies  a  virtual  denial  of 
our  depend(rnce  upon  God,  and  of  our  obligations 
lo  consecrate  our  wealth  and  talents  to  the  ac- 
complishment of  his  benevolent  designs. 


cause  of  all  enj  >yment,  and  descending  through 
every  subordinate  rank  of  intellectual  exist- 
ence, flows  all  that  happiness  which  is  en- 
joyed, either  in  earth  or  heaven,  by  every 
rank  of  moral  agents,  whether  men  or  angels, 
cherubim  or  seraphim.  This  is  the  plain  im- 
port of  the  maxim  of  our  Saviour :  "It  is 
more  happy  to  give  thai,  to  receive,"  namely, 
that  the  communication  of  good  ought  to  be 
the  great  object  of  every  Christian,  and  that 
it  is  more  desirable  and  honourable  to  impart 
enjoyment  to  others  than  to  receive  it  from 
them. 

I  cannot  conceive  a  source  of  greater  haj)- 
piness  on  earth,  than  that  which  would  flow 
to  a  Christian,  whom  God  hath  blessed  with 
abundance  of  weath,  in  distributing  at  least 
the  one-half  of  his  substance,  in  works  of 
piety  and  beneficence.  He  might  soon  be 
hold,  every  where  around  him,  the  young 
trained  up  in  knowledge  and  virtue,  the  gos- 
pel preached  to  the  poor  and  to  every  class, 
the  ignorant  instructed,  the  industrious  la- 
bourer supplied  with  employment,  the  afllicted 
relieved,  the  wants  of  the  destitute  supplied, 
schools,  churches,  and  commodious  dwellings 
with  garden  plots,  rising  on  every  side ;  the 
desart  cultivated,  and  the  wilderness  made  to 
bud  and  blossom  as  the  rose.  Such  a  charac- 
ter would  be  as  eyes  to  the  blind,  and  feet  to 
the  lame,  and  would  cause  the  widow's  heart 
to  leap  for  joy.  "Wherever  he  appeared  mi- 
sery would  smile,  and  his  presence  would  be 
hailed  with  gratitude  and  joy.  How  many 
improvements  of  this  description  might  be 
effected,  and  how  much  happiness  diffused, 
by  judiciously  distributing  in  every  district 
five  thousand,  or  even  one  thousand  pounds 
annually,  on  such  objects  1  But  where  is  the 
man  or  the  Christian  to  be  found  who  pants 
for  such  celestial  enjoyment  1 

In  the  exercise  of  this  disposition  we  be- 
come imitators  of  God,  and  are  assimilated  to 
his  character.  When  he  brought  creation 
into  existence,  he  could  have  no  possible 
view,  in  launching  innumerable  worlds  into 
the  depths  of  space,  but  to  display  the  glories 
of  his  nature,  and  to  confer  benefits  on  their 
inhabitants.  Could  we  wing  our  flight  through 
the  regions  of  immensity,  and  survey  the  va- 
rious ranks  of  the  population  of  the  universe 
— could  we  mingle  with  the  hosts  of  angels 
and  archangels,  and  witness  their  enjoyments, 
we  should  find  that  all  the  arrangements  of 
the  Almighty,  in  reference  to  their  situation 
and  activities,  have  a  tendency  to  contribute 
to  their  felicity — that  his  benevolence  is  dis- 
played wherever  matter  exists,  and  wherever 
there  are  sentient  and  intellectual  beings  to 
participate  of  his  bounty.  He  is  not  adored 
by  the  heavenly  host,  or  by  any  of  his  crea- 
tures, "  as  if  he  needed  atiy  thing''  to   aug- 
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ment  hia  glory,  "  seeing  he  giveth  to  all,  life 
and  breath,  and  all  things."  He  is  declared 
in  Scripture  to  be  "  abundant  in  goodness," 
"  good  to  all,"  continually  "  doing  good,"  and 
that  his  tender  mercies  are  over  all  his  works," 
Now,  we  are  commanded  to  be  imitators  of 
God  in  his  universal  beneficence.  "  Be  ye 
merciful,  as  f^our  Father  in  heaven  is  merci- 
ful ;  love  your  enemies,  and  do  good  to  them 
that  hate  you ;  that  ye  may  be  the  children 
of  your  Father  Avho  is  in  heaven;  for  he 
maketh  his  sun  to  rise  on  the  evil  and  on  the 
good,  and  sendeth  raia  on  the  just,  and  on 
the  unjust."  By  acting  in  this  character,  we 
are  likewise  imitators  of  the  blessed  Redeemer, 
"  who  went  about  doing  good"  to  all  classes 
of  men,  without  distinction  of  rank  or  na- 
tion. Though  he  was  "  the  brightness  of  the 
Father's  glory,"  yet,  "  for  our  sakes  he  be- 
came poor,  and  took  upon  him  the  form  of  a 
servant."  His  whole  life  was  an  uninter- 
rupted series  of  beneficent  actions."  He  had 
compassion  on  the  ignorant  and  the  distressed ; 
he  fed  the  hungry  multitudes  in  a  desart;  he 
apened  the  eyes  of  the  blind,  unstopped  the 
ears  of  the  deaf,  made  the  lame  man  to  leap 
as  an  hart,  and  the  tongue  of  the  dumb  to 
sing.  He  restored  to  disconsolate  parents  the 
children  whom  death  had  snatched  from  their 
embrace ;  he  healed  all  manner  of  sickness 
and  disease  among  the  people,  and  none  ever 
applied  to  him  for  relief,  who  was  refused  as- 
sistance or  spurned  from  his  presence.  And 
now  that  "  he  has  entered  into  heaven  to  ap- 
pear in  the  presence  of  God  for  us,"  he  is 
engaged  in  similar  benevolent  services.  For, 
we  are  told,  that  "  the  Lamb  in  the  midst  of 
the  throne  feeds"  the  redeemed  inhabitants, 
"  and  leads  them  to  living  fountains  of  water, 
and  wipes  away  tears  from  every  eye."  We 
are,  therefore,  exhorted  to  "  be  followers  of 
Christ  as  dear  children,  and  to  walk  in  love ; 
for  he  hath  set  us  an  example  that  we  should 
walk  in  his  steps." 

Again,  in  the  exercise  of  the  disposition  to 
comraunicate  happiness,  we  imitate  the  an- 
gelic tribes,  who  are  incessantly  engaged  in 
similar  services*  Those  glorious  beings  not 
only  contribute  to  the  happiness  of  each  other, 
but  rejoice  to  wing  their  downward  flight  to 
communicate  messages  of  mercy  to  mankind. 
Although  they  dwell  amidst  the  splendours  of 
eternal  day,  they  refuse  not  to  descend  for  a 
season  to  our  wretched  world.  They  entered 
the  lowly  cot  of  the  Virgin  Mary,  with  a 
message  of  joy  ;  they  flew  swiftly  to  Daniel, 
to  explain  his  vision ;  they  unbarred  the  pri- 
son gates  to  rescue  Peter  from  his  enemies ; 
they  comforted  Paul  with  the  assurance  of 
divine  protection,  while  tossing  on  the  raging 
oillows ;  and,  in  numerous  ways  with  which 
we  are  unacquainted,  "they  encamp  around 
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those  who  fear  the  Lord,"  and  are  "  minister 
ing  spirits  to  the  heirs  of  salvation."  Iij 
short,  heaven,  whither  we  profess  to  be  jour- 
neying, is  a  scene  of  pure  beneficence.  In 
that  happy  world,  the  spirits  of  the  just  will 
spend  an  immensity  of  duration,  in  an  endless 
diffusion  of  benefits  among  countless  orders 
of  holy  intelligences ;  and  while  they  derive 
enjoyment  from  blessings  confrred  by  kindred 
spirits,  they  will  still  find,  that  ''  it  is  more 
blessed  to  give  than  to  receive."  For  in  so 
doing,  we  most  nearly  resemble  the  original 
source  of  felicity,  who  is  "  the  blessed  and 
only  potentate,"  supreme  in  happiness,  yet  in- 
cessantly diffusing  benefits  among  unnum- 
bered beings,  throughout  the  whole  extent  of 
his  universal  empire. 

Were  such  dispositions  to  be  generally  pre- 
valent among  men,  what  a  happy  world  should 
we  look  upon,  compared  with  that  which  we 
now  behold  !  Were  it  universally  prevalent, 
into  what  a  glorious  scene  would  society  be 
transformed !  Heaven  would  descend  to 
earth,  and  an  image  would  be  presented  of 
the  intercourses  and  the  joys  of  the  blessed 
above.  And,  what  should  hinder  such  a  dis- 
position from  being  universally  displayed,  but 
the  Selfishness  and  depravity  of  man  1  Why 
may  not  our  world  be  filled  with  intelligent 
beings,  devoted  to  such  noble  and  god-like 
aims,  as  well  as  with  tribes  of  selfish  demons  ? 
There  is  no  physical  impossibility  to  prevent 
such  a  blessed  transformation.  But  the  will 
of  man  stands  as  a  barrier ;  he  perceives  not 
in  what  his  true  happiness  consists  ;  '*  he 
loves  darkness  rather  than  light,"  and  misery 
more  than  happiness,  and  will  not  bend  his 
ears  to  the  instructions  of  heavenly  wisdom. 
No  man,  however,  ought  to  assume  the  name 
of  a  Christian  in  whom  this  benevolent  and 
god-like  disposition  does  not  exist.  Were 
Christianity  universally  diffused,  and  its  holy 
principles  recognized  as  the  basis  of  human 
action,  we  should,  ere  long,  behold  such  dis- 
plays of  beneficence  in  all  the  regions  of  the 
globe,  and  among  every  kindred  and  tribe  and 
people ;  and  the  sighs  of  the  disconsolate,  the 
groans  of  the  oppressed,  and  the  shouts  of  the 
warrior  would  be  heard  no  more. 

Let  me  beseech  you,  then,  my  Christian 
brethren,  to  cultivate  this  benignant  principle, 
and  show  to  the  world  that  you  are  actuated 
by  higher  aims  than  the  sons  of  avarice,  and 
that  you  are  of  one  heart  and  affection  with 
the  angels  of  light.  To  do  good,  and  to  com- 
mtinicate,  forget  not,  for  with  such  sacrifices, 
God  is  well  pleased.  And,  if  you  are  thus 
disposed,  you  will  come  forward,  with  j^'^^er- 
fulness,  in  every  work  of  universal  philan- 
thropy, and  will  not  grudge  any  of  the  small 
sacrifices  we  have  now  proposed.  You  will 
thus  be  instrumental  in  augmenting  the  sura 
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Cff  happiness  on  earth,  and  prepared  for 
engagmg  in  the  benevolent  employments  of 
the  inhabitants  of  heaven. 

4.  Consider  the  fleeting  nature  of  earthly 
enjoyments,  and  how  soon  you  may  be  called 
to  part  with  every  thing  you  now  possess. 

You  may  be  disposed,  at  first  view,  to  think 
it  hard  to  part  with  a  hundred  v)r  two  hundred 
pounds  for  the  good  of  others,  while  you  do 
not  knew  how  much  you  may  require  for 
yourself  and  family,  at  some  future  period. 
But  you  ought  to  recollect,  that  we  should  be 
directed  by  what  appears  to  be  present  diify^ 
without  looking  forward  to  mere  possibilities, 
or  contingencies  which  may  never  happen, 
and  should  trust  in  God,  as  to  all  the  future 
arrangements  of  our  lot  in  this  world.  While 
we  perplex  ourselves  with  anxieties  about 
futurity,  that  futurity,  in  relation  to  the  pre- 
sent scene,  may  never  arrive.  In  such  an 
hour  as  we  think  not,  the  messenger  of  death 
may  make  his  appearance  to  summon  us  to 
the  world  of  spirits.  So  numerous  are  in- 
stances of  this  description,  and  so  frequently 
reported  in  our  daily  records  of  intelligence, 
that  no  one  can,  with  an}^  show  of  reason, 
flatter  himself  that  he  shall  certainly  live  to 
enjoy  a  long  succession  of  months  or  years. 
And,  should  the  grim  messenger  arrive  at  a 
time  when  you  have  been  withholding  your 
wealth  from  benevolent  objects,  and  laying  it 
up  for  future  use,  how  many  painful  reflec- 
tions may  arise  to  imbitter  your  comforts  and 
shake  your  hopes,  on  the  eve  of  your  de- 
parture—nay, to  produce  painful  feelings,  if 
that  be  possible,  even  on  your  entrance  to  the 
world  of  bliss.*  When  you  have  the  imme- 
diate prospect  of  bidding  a  last  adieu  to  all 
earthly  riches  and  grandeur,  they  will  appear 
of  a  very  different  value  from  that  by  which 
they  are  now  estimated.  At  that  period,  you 
will  look  upon  them  in  the  light  in  which  a 
great  man  in  a  neighbouring  country,  viewed 

*  It  is  not  altogether  improbable,  that  certain 
painful  feelings  or  reflections,  may  occasionally 
raise  in  the  mind,  even  in  heaven  itself.  We 
have  no  reason  to  believe,  that  it  is  such  a  state  of 
absolute  perfection,  at  least  on  our  first  entrance 
to  it,  as  entirely  to  prevent  some  transient  uneasy 
reflections.  The  saints  will  carry  with  them  into 
that,  state  all  their  recollections  in  reference  to 
their  dispositions  and  conduct  in  the  present 
world,  and,  therefore,  it  is  not  unlikely,  that  the 
sins  they  committed  in  this  life,  and  particularly, 
the  little  zeal  they  displayed  in  promoting  the 
interests  of  the  Redeemer's  kingdom,  after  they 
were  brought  to  the  knowledge  of  the  truth — may 
occasionally  produce  an  unpleasant  feeling  in  the 
midst  of  all  their  joys.  This  idea  seems  to  be  in- 
cluded in  the  representation  given  in  the  parable 
respecting  the  decrees  o{  honour  to  which  persons 
will  be  advanced  in  proportion  to  their  zeal  and 
activity  in  the  cause  of  God,  while  upon  earth. 
But  all  such  uneasy  reflections,  should  they  arise, 
will  only  tend  to  lead  the  soul  to  higher  admiration 
of  the  boundless  and  unmerited  lore  of  God  which 
Is  in  Christ  Jesus  our  Lord. 
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some  extraordinary  mark  of  distlnLtion  and 
honour  sent  him  as  he  lay  on  his  death-bed 
"  Alas !  (said  he,  looking  coldlv  upon  it)  thig 
is  a  mighty  fine  thing  here  in  this  country, 
but  I  am  fast  bound  for  a  country  where  it 
will  be  of  no  service  to  me."  Reflect  then, 
my  Christian  friend,  on  the  views  you  will 
have  of  riches,  at  the  hour  of  death,  and  iQt 
this  consideration  excite  you,  while  in  the 
vigour  of  health,  "to  devise  liberal  things,'^ 
in  regard  to  the  furtherance  of  every  philaiv 
thropic  object,  so  that  no  bitter  regrets  may 
disturb  your  last  moments,  and  that  "an 
abundant  entrance  may  be  ministered  to  you 
into  the  everlasting  kingdom  of  your  Lord 
and  Saviour." 

6.  Consider  the  promises  and  declarations 
of  God  in  reference  to  the  certainty  of  tem- 
poral support. 

There  is  scarcely  any  thing  that  causes  so 
much  anxious  thought  and  perplexity  to  man- 
kind in  general,  as  the  consideration— how 
they  are  to  acquire  the  means  of  subsistence ! 
and,  on  this  account,  they  have  always  an 
argument  at  hand,  against  distributing  their 
money  for  pubHc  and  religious  objects.  But 
there  is  nothing  more  clear  and  express  than 
the  promises  made  to  the  Christian  in  refer- 
ence to  his  temporal  support,  so  that  while  he 
is  diligent  in  his  business  and  conducts  his 
affairs  with  prudence  and  discretion,  he  need 
never  harass  his  mind  with  anxious  thoughts 
about  future  subsistence.  The  following  are 
a  selection  of  those  divine  declarations  on 
which  his  faith  and  hope  may  confidently 
rely,  as  the  words  cf  him  who  is  immutable, 
and  who  keepeth  covenant  and  mercy  to  a 
thousand  generatio.is. 

"  The  earth  is  the  Lord's  and  the  fulness 
thereof.  Every  beast  of  the  forest  is  mine,  and 
the  cattle  on  a  thousand  hills.  Honour  the 
Lord  with  thy  substance,  and  with  the  first 
fruits  of  all  thine  increase ;  so  shall  thy  barn.^ 
be  filled  with  plenty,  and  thy  presses  shall 
burst  out  with  new  wine.  Better  is  a  little 
with  the  fear  of  the  Lord  than  great  riches 
and  trouble  therewith.  A  little  that  a  right- 
eous man  hath  is  better  than  the  riches  of 
many  wicked.  I  have  been  young,  (says  the 
Psalmist,)  and  now  am  old,  yet  have  I  not 
seen  the  righteous  forsaken,  nor  his  seed  beg- 
ging bread.  The  liberal  soul  shall  he  madt 
fat,  and  he  that  watcreth  shall  he  watered 
also  himself.  Thy  bread  shall  be  given  thee, 
and  thy  water  shall  be  sure.  Take  no  anxiotis 
thought  (says  our  Saviour)  for  your  life,  what 
ye  shall  eat  or  what  ye  shall  drink,  nor  yet  for 
your  body  what  ye  shall  put  on.  Behold  the 
fowls  of  the  air,  for  they  sow  not,  neither  do 
they  iv'^ap,  nor  gather  into  barns,  yet  your 
heavenly  '^f^ther  feedeth  them.  Are  ye  no? 
much  better  than  theyl     And  why  tf\ke  ^^ 

2  F  \mi^ 
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lliougjit  for  raiment?  Consider  the  lilies  of 
the  field  how  they  grow ;  they  toil  not,  neither 
do  they  spin.  And  yet  I  say  unto  you  that 
even  Solomon  in  all  his  glory  was  not  arrayed 
like  one  of  these.  Wherefore,  if  God  so  clothe 
the  grass  of  the  field,  which  to-day  is,  and 
to-morrow  is  cast  into  the  oven,  shall  he  not 
much  more  clothe  you,  O  ye  of  little  faith  1 
The  time  is  short, — it  reraaineth  that  they 
who  weep  be  as  though  they  wept  not ;  and 
they  that  rejoice  as  though  they  rejoiced  not ; 
and  they  that  buy  as  though  they  possessed 
not;  and  they  that  use  this  world  as  not 
abusing  it ;  for  the  fashion  of  this  world  pas- 
seth  away.  He  who  soweth  sparingly  shall 
reap  also  sparingly ,-  and  he  who  soweth 
hountifully  shall  reap  also  hountifully  ,•  for 
God  loveth  a  cheerful  giver.  And  God  is 
able  to  make  all  grace  abound  toward  you, 
that  ye  always,  having  all  sufficiency  in  all 
things,  may  abound  to  every  good  work.  Be 
careful  for  nothing,  but  in  every  thing,  by 
prayer  and  supplication  with  thanksgiving, 
let  your  requests  be  made  known  to  God.  I 
have  learned  (says  Paul)  in  whatsoever  state 
I  am,  therewith  to  be  content.  I  know  both 
how  to  be  abased,  and  I  know  how  to  abound ; 
every  where,  and  in  all  things  I  am  instructed 
both  to  be  full  and  to  be  hungry,  both  to 
abound  and  to  suffer  need.  But  I  have  all 
and  abound,  and  my  God  shall  supply  all 
your  need,  according  to  his  riches  in  glory  by 
Christ  Jesus.  Godliness  with  contentment  is 
great  gain ;  for  we  brought  nothing  into  this 
world,  and  it  is  certain  we  can  carry  nothing 
out;  and  having  food  and  raiment,  let  us 
therewith  be  content.  Charge  them  that  are 
rich  in  this  world  that  they  be  not  high- 
minded,  nor  trust  in  uncertain  riches;  but 
in  the  living  God  who  giveth  us  all  things 
richly  to  enjoy — that  they  do  good,  that  they 
be  rich  in  good  works,  ready  to  distribute, 
willing  to  communicate,  laying  up  in  store 
for  themselves  a  good  foundation  against  the 
time  to  come."  The  ancient  worthies  "  took 
joyfully  the  spoiling  of  their  goods,  knowing 
in  themselves  that  they  had  in  heaven  a 
better  and  more  enduring  substance."  Moses 
"esteemed  the  reproach  of  Christ  gi*eater 
riches  than  all  the  treasures  of  Egypt." 
"Let  your  conversation  be  without  covet- 
ousness,  and  be  content  with  such  things  as 
ye  have ;  for  he  hath  said,  I  will  never  leave 
thee  nor  forsake  thee.  Humble  yourselves 
under  the  mighty  hand  of  God,  casting  all 
your  care  upon  him,  for  he  careth  for  you. 
A  good  man  showeth  favour  and  lendeth ;  he 
will  guide  his  affairs  with  discretion.  He 
hath  dispersed,  he  hath  given  to  the  poor ; 
his  righteousness  endureth  for  eve^  Surely 
he  shall  not  be  moved  for  ever  The  right- 
ecius  shall  be  in  everlasting  remembrance." 
(338) 


Such  Divine  declarations  as  the  al^^e 
should  have  a  powerful  influence  on  the  mind 
of  every  Christian,  in  reconciling  him  to  his 
situation  in  life,  and  to  the  measure  of  wealth 
which  Providence  has  allotted  him;  and, 
inspiring  him  with  a  noble  liberality  in  the 
distribution  of  his  riches,  without  fear  of  con- 
sequences. For  God  has  pledged  himself  in 
these  promises  and  declarations,  that  they 
who  trust  in  Him,  and  conduct  their  affairs 
with  discretion,  shall  want  for  nothing  that 
is  truly  desirable  in  their  pilgrimage  througU 
tliis  world.  "  The  young  lions  may  lack 
and  suffer  hunger;  but, they  that  seek  the 
Lord  shall  not  want  any  good  thing."  AH 
the  saints,  in  every  age,  have  in  some  mea"= 
sure  experienced  the  truth  of  these  declara- 
tions, and,  in  many  remarkable  instances, 
they  have  been  strikingly  fulfilled,  in  cases 
where  all  prospects  of  subsistence  had  dis- 
appeared, and  all  hopes  of  deliverance  had 
nearly  failed ;  as  might  have  been  illustrated 
by  many  interesting  facts  recorded  in  the 
history  of  the  church,  and  of  individual 
Christians,  had  our  limits  permitted. 

I  shall  conclude  with  the  following  sen- 
timents,—and  an  anecdote  stated  by  Dr, 
Witherspoon. 

There  are  those  who  are  rich  in  their 
poverty,  because  they  are  content,  and  use 
generously  what  they  have;  there  are  those^ 
who,  in  the  midst  of  their  riches,  are  really 
poor,  from  their  insatiable  covetousness,  or 
profusion.-—  Calmet 

The  prayer  which  Socrates  taught  his 
pupil  Alcibiades,  is  remarkable,  and  deserves 
the  consideration  even  of  a  Christian:— 
"  That  he  should  beseech  the  Supreme  God, 
to  give  him  what  was  good  for  him,  though 
he  should  not  ask  it ;  and  to  withhold  from 
him  whatever  would  be  hurtful,  though  he 
should  be  so  foolish  as  to  pray  for  it." 

The  following  piece  of  private  history  that 
happened  in  Great  Britain,  is  related  by  the 
late  Dr.  Witherspoon,  in  one  of  his  sermons, 

"  A  gentleman  of  very  considerable  fortune, 
but  a  stranger  to  either  personal  or  family 
religion,  one  evening,  took  a  solitary  walk 
through  a  part  of  his  own  grounds.  He 
happened  to  come  near  to  a  mean  hut,  where 
a  poor  man  with  a  numerous  family  lived, 
who  earned  their  bread  by  daily  labour.  He 
heard  a  voice  pretty  loud  and  continued 
Not  knowing  what  it  was,  curiosity  promptec? 
him  to  listen.  The  man,  who  was  piously 
disposed,  happened  to  be  at  prayer  with  his 
family.  So  soon  as  he  could  disting'jish  the 
words,  he  heard  him  giving  thanks  v/ith  great 
affection  to  God,  for  the  goodnesi  of  his 
providence  in  giving  them  food  to  eat,  and 
raiment  to  put  on,  and  in  supplying  them 
with  what  was  necessary  and  conifo;:1;able  in 


Hosted  by  Google 


APPENDIX. 


123 


lis©  present  life.     He  was  immediately  struck  that  is  grateful   and   desirable,  have  h&rdly 

with  astonishment  and  confusion,  and  said  ever  bent  my  knee,  or  made   any  acknow- 

to  himself,  'does   this   poor   man,  who   has  ledgment  to  my  Maker  and  Preserver?'     It 

nothing  but  the  meanest  fare,  and  that  pur-  pleased  God,  that  this  providential  occurrence 

chased  by  severe  labour,  give  thanks  to  God  proved  the  means  of  bringing  him  to  a  real 

for  his  goodness  to  himself  and  family,  and  I,  and  lasting  sense  of  God  and  religion." 
who  enjoy  ease,  and  honour,  and  every  thing 
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The  following  statements  extracted  from 
the  "Report  of  the  Commissioners,"  who 
were  sent  to  Ireland  to  investigate  the  state 
of  the  lower  classes  in  that  country,  exhibit  a 
picture  of  the  effects  of  covetousness,  com- 
bined with  its  usual  accompaniment — apathy 
in  regard  to  the  sufferings  of  others,  which 
would  disgrace  a  Pagan  land,  and  much 
more  a  Christian  land. 

These  Commissioners  appear  to  have  con- 
ducted their  inquiries  openly  and  fairly.  They 
held  their  sittings  in  upwards  of  one  hundred 
parishes.  They  were  sent  through  the  whole 
of  the  four  provinces  of  Ireland,  and  obtained 
information  from  all  ranks  and  classes,  from 
"  the  highest  landlord,  down  to  the  lowest 
beggar." 

The  details  stated  below,  are  only  speci- 
mens of  hundreds  of  similar  details,  equally 
horrible  and  revolting,  which  are  scattered 
throughout  a  quarto  volume  of  between  four 
and  five  hundred  pages.  The  answers  to  the 
questions  put,  taken  viva  voce,  are  printed 
verbatim,  under  the  following  seven  heads. 
1 .  Deserted  and  orphan  children.  2.  Illegiti- 
mate children  and  their  mothers.  3.  Widows 
with  families  of  young  children,  4.  Impotent 
through  age  and  infirmity.  5.  Sick,  poor.  6. 
Able-bodied  out  of  work.     7.  Vagrants. 

1.  The  following  extracts  relate  to  widows 
with  childreri. 

They  are  seldom  half  fed,  say  a  cloud  of 
witnesses.  One  meal  of  potatoes  a  day,  is  the 
most  they  can  expect,  eked  out  with  unwhole- 
some weeds.  Mr.  Cotter,  rector  of  a  parish  in 
the  county  of  Cork,  says,  "  One  evening  a  par- 
cel of  workmen  came  to  me  for  soup,  which 
I  was  in  the  habit  of  giving.  Some  cabbage 
stumps  that  were  thrown  out  of  the  kitchen 
were  lying  near.  The  pigs  and  fowls  had 
picked  them'  almost  quite  bare.  I  saw  myself 
six  or  seven  of  the  poor  women  turn  their 
faces  to  the  wall,  and  eat  the  stumps  the  pigs 
)iad  left,  ^^SSy  -S^^'^^'^^^j  ^  beggar  woman, 
gavfis,  the  widows  get,  when  at  work  for  the 


farmers,  l^d.  per  day.  They  rarely  beg  in 
public,  unless  when  their  children  are  so 
young  they  cannot  leave  them." 

The  Assistant  Commissioners  found  widow 
Halloran  working  a  quilt.  She  worked  eight 
hours  a  day,  and  it  would  take  her  a  week  to 
finish  it,  and  all  she  had  bargained  for,  was 
one  shilling.  A  man  who  happened  to  be 
standing  by,  said  he  would  not  give  two  pence 
a  day,  for  what  any  widow  in  the  parish  would 
earn  by  her  labour.  Parochial  assistance  is 
unknown,  and  the  question,  whether  the  absen- 
tee proprietors  who.  hold  nearly  the  entire 
parish,  ever  contribute  to  the  relief  of  those 
who  pay  them  rent, — was  answered  with  a 
laugh,  that  expressed  astonishment  at  the 
thought  of  such  a  thing  being  entertained. 

When  the  cholera  appeared  at  Cork,  a 
small  hospital  was  established,  and  a  few  pa- 
tients admitted  into  it.  Nothwith  standing  the 
great  dread  that  was  entertained  for  the  disease, 
three  poor  widows  feigned  sickness,  in  order 
to  gain  admission;  one,  the  widow  Buck, 
had  two  children.  When  these  women  were 
detected,  they  refused,  to  go  out.  In  the 
county  of  Limerick,  there  had  been  no  Vv^idow 
driven  by  her  necessities  to  prostitution, 
though  one  of  these  virtuous  poor  women 
states,  that  she  lives  in  a  hovel  without  a  roof. 
"  I  have  no  house,"  says  she,  "  but  I  got  a 
few  poles,  and  made  a  narrow  shed,  by  placing 
them  against  the  wall  and  covering  them  with 
loose  weeds.  The  end  is  open  to  the  air,  and 
there  is  no  door."  She  expects,  with  her  boy 
to  pass  the  winter  under  the  same  shed. 

Even  in  the  north  of  Ireland,  where  Pao- 
testants  chiefly  reside,  similar  privations  are 
found  to  prevail.  The  following  is  a  picture 
of  a  Londonderry  widow. 

The  Assistant  Commissioners  visited  one 
widow.  She  lived  in  a  wretched  hovel  on  the 
road-side,  about  half  a  mile  from  Dungiven 
There  was  a  little  straw  in  a  corner,  which, 
covered  with  a  thin  linen  quilt,  served  as  f, 
bed.    Over  two  or  three  kindled  turf,  a  ^\  of 
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aoout  ten  years  of  age,  was  bending,  and  a 
mkldle-aged  wonian  was  sitting,  spinning  in 
the  centre  of  the  hut.  She  said  that  the  girl 
was  the  youngest  of  eight  children,  and  was 
only  a  month  old,  when,  by  her  husband's 
death,  she  was  left  wholly  dependent  on  her 
own  exertions.  None  of  the  children  were 
at  that  time  able  to  assist  her  ;  and  the  only 
employment  open  to  her  was  spinning,  by 
which  she  could  then  make  4c?.  a  day.  By 
her  spinning,  which  was  gradually  diminished 
to  2c?.  a  day,  she  brought  up  her  eight  children, 
sending  them  out  to  service  as  they  grew  up. 
They  are  now  married,  or  engaged  in  service. 
The  three  eldest  married  when  they  were 
under  eighteen.  "  They  never,"  said  she, 
"  got  a  noggin  of  broth  in  charity  ;  nor  did  a 
handful  of  potatoes  badly  got,  ever  enter  my 
house.  I  always  kept  the  roof  over  them,  and 
prevented  their  begging."  She  never  had 
any  land ;  her  landlord  having  taken  from 
her,  that  which  her  husband  held ;  but  he 
left  her  the  house,  half  of  which  was  blown 
down,  and  in  the  remaining  half,  she  still 
lived.  She  seemed  cheerful  and  contented, 
but  said,  she  had  gone  through  unutterable 
hardships.  "  Many  a  time,"  said  she, "  a  neigh- 
bour woman  that  lived  with  me,  did  not  know 
that  I  had  only  eaten  two  or  three  potatoes 
that  day,  and,  at  night,  I  used  to  be  up  two  or 
three  times,  when  I  could  not  sleep,  thinking 
of  my  misfortunes,  and  looking  out  for  the 
daylight  to  begin  working." 

Widow  M'  Crow,  another  inhabitant  of  the 
north,  stated, "  The  rain  comes  in  through  the 
roof  of  my  hut.  I  sleep  on  the  ground,  which 
is  constantly  wet,  and  have  not  so  much  straw 
as  would  fill  a  hat.  I  have  but  a  single  fold  of  a 
blanket  to  cover  my  whole  family.  I  have  had 
it  for  eight  years.  My  children  are  naked.  I 
have  a  lump  on  the  shoulder,  for  which  I  cannot 
get  medical  assistance."  It  was  agreed  by  all 
present,  that  few  widows  can  be  better  than 
this  womaii. 

The  gentry,  says  the  Report,  scarcely  ever 
assist  the  poor  widows,  but  the  labourers  will 
often  work  a  day  for  them  gratis  in  building  a 
hovel.  Some  of  these  widows  have  too  much 
pride  to  beg,  and  pine  in  hopeless  misery,  in 
some  wretched  cabin.  In  the  single  parish  of 
Killaloe,  in  the  county  of  Clare,  the  R.  C.  Priest 
speaks  of  sixty  icidows  in  this  destitute  state, 

"  I  had  not,"  says  Mary  Slattery,  "  a  sod 
of  turf  to  warm  a  drink  for  my  sick  child.  All 
I  had  to-day,  was  four  cold  potatoes.  The 
ram  comes  down  through  the  roof,  and  my 
lodger  never  slept  a  wink  last  night,  trying 
hov/  to  keep  the  bed-clothes  dry.  As  God 
knows  my  heart,  I  spent  the  night  on  the 
hearth-stone,  crying  and  praying  that  God 
would  look  down  on  me  and  my  children." 

As  to  laying  by  any  thing  when  ir>  employ- 
(340)  '     '     ' 


ment,  that  is  out  of  the  question,  "  'Ko  man,'" 
says  Mr.  Donaugh,  "  could  lay  up  any  thing 
for  his  old  age,  unless  he  have  an  old  leaseo 
In  other  cases,  there  is.  no  chance  of  it." 

The  effect  of  this  wretched  life,  and  diet,  is 
too  apparent,  and  cuts  off  the  sulferers  before 
the  usual  period  of  human  life.  Labourers 
usually  break  down  at  the  age  of  fifty-five, 
from  the  effects  oi  scanty  food,  and  exposure 
to  the  weather.  The  same  is  reported  of  me- 
chanics. If  there  is  a  bridge  to  be  built,  there 
will  not  be  a  man  above  fifty-five  upon  it. 
Poverty  bends  their  spirits  and  breaks  them 
down.  It  appears  from  the  evidence,  that  the 
custom  oi  supporting  their  parents,  which  used 
to  be  the  pride  of  the  Irish  peasants,  is  decay- 
ing fast,  from  the  pressure  of  the  times,  and 
incapacity.  Labourers  supporting  their  pa- 
rents, are  often  reduced  to  one  meal  of  dry 
potatoes.  It  sometimes  comes  to  counting 
the  potatoes.  Then,  as  the  second  family 
grows  large,  the  daughter-in-law  begins  to 
grunjble.  She  will  not  see  her  children  starved 
to  feed  her  husband's  parents.  "  Being  always 
at  home,  she  is  apt  to  find  her  husband's 
father  in  the  way,  and  you  will  see  the  old 
man  cowering  in  the  chimney,  as  if  he  v/ere 
endeavouring  to  hide  himself  from  her."  An 
old  man  says  himself,  "  the  few  potatoes  I 
eat,  sir,  cannot  do  me  good,  for  T  am  afraid 
they  are  grudged  me,  and  what  is  more,  I 
grudge  them  to  myself,  when  I  see  so  many 
mouths  opening  for  them."  One  witness 
states,  thai  "  the  turning  out  of  the  father  is 
so  common,  that  the  contrary  is  the  except 
tion." 

The  Rev.  Mr.  Gibson  mentions  the  follow- 
ing case.  "  The  wife  and  family  of  a  man 
who  had  been  respectable,  died  here  of  want, 
a  short  time  since.  They  could  not  get  any 
thing  to  eat  at  times,  more  than  once  in  two 
days.  They  died  rather  than  beg."  Such 
cases,  alas  !  are  by  no  means  scarce.  Mr. 
Riley  says,  "  two  months  ago,  I  saw  an  old 
woman  eighty  years  of  age,  going  over  the 
bridge  to  beg  her  breakfast.  When  she  got 
to  the  top,  she  stopped  to  rest  herself,  and, 
when  I  came  up  to  her,  she  was  dead."  Dr. 
Walsh,  M.  D.,  states,  "  that  in  his  parish  in 
Kildare,  many  have  died  of  actual  starvation." 

Yet,  in  a  country  where  such  scenes  are 
daily  passing,  all  the  great  land  owners  are 
averse  to  the  introduction  of  poor  laws,  and 
for  this  most  selfish  reason,  that  the  principal 
burden  of  supporting  the  poor,  would,  [as  it 
ought,]  fall  upon  themselves.  It  is  curious  to 
remark,  that  the  farmers  and  shop-keepers,  in 
a  word,  the  middle  and  producing  classes  of 
the  Irish  community,  approve  of  some  system 
of  poor  laws,  while  the  gentry  as  decidedly 
set  their  face  against  any  such  system,  ^'Thf. 
gentry  never  give  to  beggars,-^  says  one  of 
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file  witnesses,  "  high  walls  surround  their  de- 
mesnes, and  a  dog  is  kept  at  the  gates  to  pre- 
vent the  entrance  cf  a  beggar.  Absentees, 
even  in  times  of  dearth,  or  infectious  disease, 
mnd  over  no  subscriptions.^^  "  They  send 
over  nothing  but  latitats  and  ejectments," 
says  the  Rev.  Mr.  Burke.  The  evidence  of 
Dr.  M'Kale,  R.  C.  Archbishop  of  Tuam,  writ- 
ten by  himself,  is  remarkable  on  this  point. 
"  The  gentry,"  says  the  Archbishop,  "  scarce- 
ly ever  subscribe  regularly  for  their  support : 
even  in  the  seasons  of  appalling  distress 
(1832  and  '34,)  there  were  individuals  ol 
large  fortunes,  who  did  not  subscribe  one 
shilling.  The  burden  is  thrown  by  the  afHuent 
gentry  on  their  poorer  neighbours  ;  orders  are 
often  issued  by  the  proprietors  of  large  ^'  an- 
sions,  not  to  suffer  such  a  nuisance  as  a  beg- 
gar, to  approach  the  gates.  I  could  name 
the  persons.  The  general  opinion  is  favour- 
able to  a  provision  for  the  poor,  in  case  the 
burden  do  not  fail  on  those  classes  that  are 
already  taxed  for  their  support.  It  is  in  vain 
to  make  a  provision  for  the  poor,  unless  the 
property  of  the  absentee,  and  the  church  lands 
are  almost  exclusivel}^  fixed  with  the  amount ; 
otherwise,  such  a  provision  would  be  no  re- 
lief. All  that  could  be  gained  by  taxing  the 
industrious  classes,  would  be  to  make  that 
compulsory  which  is  now  voluntary.  If  the 
properties  of  the  absentees  are  taxed,  and  the 
church  lands  be  re-appropriated  to  their  origi- 
nal destination,  a  large  fund,  now  lying  idle, 
will  be  applied  to  the  support  of  the  people." 

In  the  examinations  in  the  county  of  Long- 
ford, Mr.  K  —  said,  he  represented  the 
feelings  of  a  great  number,  when  he  expressed 
himself  "  in  favour  of  a  support  for  the  infirm, 
especially  from  a  tax  on  absentees,  one  of 
whom  draws  £10,000  per  annum,  from  the 
county,  and  £3000  from  the  parish,  without 
contributing  any  thing  for  the  support  of  the 
foor^ 

2.  Under  the  head  of  "  sick  poor^"*  wc  find 
that  no  relief  exists  for  the  poor,  when  sick  or 
diseased. 

If  the  disease  be  contagious,  they  are  either 
put  out  of  the  cabin  into  a  temporary  hut,  m 
the  rest  of  the  family  leave  it  and  them.  Any 
nourishment  the  neighbours  may  give  them  is 
left  at  the  door,  and  the  creatures  crawl  out  to 
take  it  in.  Many  have  been  disabled  for  life, 
by  scrambling  out  of  bed  to  get  what  is  left 
for  them  at  the  door.  "  The  day  before  yes- 
terday," says  a  witness,  "  a  woman  coming 
from  Galway,  was  taken  ill  on  the  road.  The 
people  thought  she  had  the  cholera,  and  refused 
to  let  her  into  their  houses.  She  lay  by  the 
side  of  a  ditch  and  died  in  the  morning."  Our 
diseases,"  says  Mr.  Powell,  "  are  caused  by 
cold,  hunger,  and  nakedness.  The  poor  man 
mi  regaining  his  appetite,  finds  nothing  to  eat 


A  little  food  would  restore  him,  but  he  sinks 
for  the  want  of  it.  People  arc  constantly 
tapped  for  a  dropsy  arising  from  starvation.^* 
"  I  have  frequently,"  says  Dr.  Walsh,  "  found 
the  sick  lying  on  the  bare  damp  ground, 
straw  being  considered  a  luxury  which  the 
pig  only,  which  pays  the  rent,  has  a  right  to 
enjoy. ^^  In  some  places,  there  are  charitable 
loan  funds  ;  "  but,"  says  a  witness,  "  the  gen- 
try and  landlords  seldom  subscribe.^^ 

When  we  go  to  beg  at  a  gentleman's  house, 
says  Pat  Mitchell,  beggarman,  it  is  the  wife 
that  asks  relief,  and  the  answer  frequently  is, 
"  go  from  the  door,  woman."  The  farmers 
are  kindlier  by  far.  It  is  the  humble  sort  that 
live  on  the  road  side,  that  are  really  good  to 
us ;  but  half  the  country,  God  help  them  / 
have  no  Christianity  in  them  at  all."  Mola- 
mey  says,  that,  in  the  mountains  of  this  parish, 
when  the  potatoes  fail  them,  they  bleed  the 
cattle,  and  eat  the  boiled  blood,  sometimes 
mixed  with  meal,  but  oftener  without  it ;  he 
has  himself  known  the  same  beast  to  have 
been  bled  three  times  in  one  season ;  they 
never  bleed  their  cattle  for  this  purpose,  when 
they  can  procure  any  other  food,'  he  says, 
"  the  mere  labourers  would  not  get  a  potatoe 
on  credit ;  they  would  gladly  take  credit  on 
any  terms,  if  they  could  get  it;  they  would 
promise  any  thing  before  they  would  beg, 
which  some  are  obliged  to  do,  and  to  leave 
their  own  place  in  shame.  They  take  one 
journey  by  night  before  they  begin,  that  they 
may  save  the  exposure." 

The  assistant  commissioners  entered  into 
the  cabin  of  a  woman  labouring  under  the 
disease  of  water  in  the  chest.  She  said,  "  I 
have  not  this  morning  been  able  to  rise  from 
that  bed  of  straw.  I  felt  a  sort  of  gnawing 
about  my  heart.  The  only  thing  I  had  was 
these  few  potatoes,  (pointing  to  some  on  the 
ground  between  her  and  a  Httle  girl,  who  had 
the  small-pox,)  you  see  they  are  rotten  the 
most  of  them,  and  all  are  wet."  "  Yet  these 
very  people,"  says  a  respectable  newspaper 
editor,  "  thus  abandoned  by  wretches — fiends 
in  the  human  shape,  who  call  themselves 
landlords, — exhibit  some  of  the  finest  feelings 
that  ever  adorned  the  human  heart."  When 
one  has  a  tolerable  coat,  he  lends  it  to  a  neigh- 
bour, that  he  may  carry  something  to  the 
market,  and  look  decent.  The  Rev.  Mr.  Gib- 
bon says,  "  when  I  go  to  a  vilkge  to  hold  a 
station,  one  man  comes  to  me,  and  confesses, 
and  when  he  has  done,  goes  out  and  lends  his 
coat  to  a  neighbour,  that  he  may  come  in  also ; 
the  very  women  do  the  same,  and  lend  not 
only  their  cloak  but  their  gown." 

Mary  Carr,  who  is  a  widow,  and  who  ia 

rearing  up  a  foundling,  says,  "  the  blanket 

that  was  on  my  bed,  I  cut  up  to  make  two 

little  petticoats  for  the  child.     I  do  not  hiow 
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what  kitchen  means,  I  am  not  able  to  buy  a 
ha'porth  of  niilk  in  the  fortnight,  and  have 
not  tasted  a  herring  these  three  months." 
This  woman,  says  Mr.  G.  Gottingham,  is  a 
fair  specimen  of  the  widows  of  the  parish. 

In  transcribing  the  above  revolting  state- 
ments, I  have  been  almost  led  to  feel  ashamed 
of  the  order  of  intelhgent  beings  to  which  I 
belong.  It  cannot  but  fill  every  feeling  and 
well  principled  mind  with  a  holy  indignation, 
that  such  scenes  should  be  found  to  exist  in  a 
country  that  boasts  of  its  religion,  and  requires 
so  much  money  for  its  support.  The  facts  are 
not  the  exaggerations  of  any  political  party  ; 
as  they  were  publicly  and  minutely  investi- 
gated, and  are  admitted  by  all  parties  to  be 
substantially  correct.  They  are  corroborated 
by  the  statements  of  the  late  Mr.  Inglis,  in  his 
"Journey  throughout  Ireland  in  1834,"  and, 
by  all  others  who  have  lately  visited  that  mis- 
governed, and  unhappy  country.  At  this  very 
moment,  hundreds  of  poor  starving  wretches 
have  been  ejected  by  their  rich  landlords,  from 
the  half  acres  and  miserable  hovels  they  occu- 
pied, in  the  midst  of  the  most  inclement  sea- 
son of  the  year,  to  wander  through  the  country, 
houseless  and  forlorn,  and  to  perish  of  hunger 
and  cold.  One  of  the  unfeeling"  miscreants, 
who  acted  as  factor  to  some  of  the  landlords, 
when  remonstrated  with  on  the  dismal  and 
destitute  situation  of  the  poor  people,  who 
were  deprived  of  every  shelter,  and  of  every 
means  of  subsistance,  had  the  fiendish  ef- 
frontery to  declare,  that  "  they  might  go  and 
EAT  oii'E  AisroTKER,  if  tJicy  pleased^ 

Even  the  "  Quarterly  Review^''  which  is 
not  generally  very  squeamish  on  such  subjects, 
exhibits  a  becoming  indignation  at  this  picture. 
"'  The  wonder  surely  is,  (says  a  writer  in  No. 
109,)  not  that  men  become  monsters  under 
such  circumstances ;  that  they  make  war  upon 
the  world,  and  the  world's  law  which  neglects 
and  oppresses  them ;  that  being  left  to  the 
destitution  of  the  savage,  they  exhibit  his 
disposition,  adopt  his  system  of  self  preserva- 
tion, and  disregard  the  first  principles  of  so- 
ciety. No  !  the  wonder  is,  that  philosophers 
are  found  audacious  enough  to  maintain  that 
sufferings,  such  as  we  have  related,  should  re- 
main unrelieved,  in  order  to  keep  up  the 
charitable  sympathies  of  the  people  for  each 
other,  uncontaminated  by  the  odious  inter- 
ference oi  a  legal  provision  for  the  destitute." 
And  again,  "  the  social  virtues  are  stifled  in 
an  atmosphere  of  such  misery  and  selfishness, 
for  the  instinct  of  self-preservation  overpowers 
every  other  feeling." 

Perhaps  there  are  few  instances  of  covetous- 
ness  more  palpable  an  i  odious,  than  are  dis- 
played in  reference  to  the  facts  that  have  been 
^ow  stated.  It  is  a  striking  feature  connected 
^ith  these  facts—that,  while  thousands  of  poor 
(342) 


creatures  are  living  in  roofless  huts,  with  riO" 
thing  but  a  cold  damp  floor  to  lie  upon,  anci 
not  even  enough  of  a  few  rotten  potatoes  for 
their  food, — the  nobility,  gentry,  and  rich 
landlords,  seldo^m  contribute  in  the  least,  to 
relieve  their  misery,  while  hohq  are  more  loud 
in  their  bawlings  about  religion,  and  the  sup- 
port of  the  church.  It  is  a  most  unhappy  and 
unnatural  state  of  society,  that  when  thou- 
sands are  revelHngin  the  midst  of  luxury  and 
debauchery,  there  should  be  tens  of  thousands 
immediately  around  them,  suffering  every 
privation,  and  many  of  them  absolutely  pe- 
rishing for  want  in  the  midst  of  plenty  and 
splendour.  That  such  scenes  should  be  daily 
realized  in  a  country  blessed  with  fertility,  and 
a  fine  climate ;  in  a  country  where  so  much 
wealth  is  lavished  in  folly  and  extravagance, 
and  where  so  many  enormous  pensions  and 
sinecures  are  enjoyed,  both  from  the  church 
and  the  state,  cannot  but  fill  every  generous 
mind  with  swelling  indigp.ation.  Here  is 
surely  a  fine  opportunity  for  wealthy  gentle- 
men of  benevolent  feelings,  to  come  forward 
and  display  their  generosity.  What  mi^ht 
hinder  them  from  purchasing  some  of  the 
Irish  moors,  and  mosses,  and  wastes,  and 
setting  thousands  of  the  labouring  poor  to 
bring  them  into  a  state  of  cultivation,  and  to 
rear  for  themselves  comfortable  habitations  1 
The  blessing  of  thousands  ready  to  perish 
would  rest  upon  them,  and  their  own  hearts 
would  feel  a  satisfaction  superior  to  ail  the 
pleasures  derived  from  pomp  and  pageantry, 
and  riotous  abundance. 

What  becomes  of  all  that,  wealth  which 
has  been  bestowed  on  the  Bishops,  Deans,  and 
many  of  the  Rectors  of  the  Episcopal  church  ; 
the  one  half  of  which  would  go  a  great  way 
towards  meliorating  the  condition  of  the  lower 
class  of  the  population  of  Ireland  %  When 
the  lands  and  other  emoluments  were  first  al- 
lotted to  the  bishops,  it  was,  on  the  provision, 
that  the  one  half,  or  at  least  the  one  third  of 
the  proceeds  should  be  devoted  to  the  poor 
This  appears  to  be  admitted  by  the  benevolent 
Archbishop  of  Tuam,  in  his  evidence  stated 
above.  "  If  the  church  lands,"  says  the 
Archbishop,  "be  reappropriated  to  the  ori" 
ginal  destination,  a  large  fund  would  be  sup- 
plied to  the  support  of  the  people."  And 
would  not  the  one  half,  of  incomes  amount- 
ing to  eighty  ten,  fifteen,  or  twenty  thousand 
pounds  annually,  be  quite  suflScient  for  any 
order  of  ministers  belonging  io  the  Christian 
churdh  ]  That  such  an  appropriation  has 
never  yet  been  voluntarily  made,  even  when 
the  most  urgent  demand  for  it  existed— seema 
to  indicate  that  there  is  a  glaring  want  of 
Christian  principle  and  benevolence,  even 
among  the  ministers  of  the  Giiristian  churck 
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PREFACE. 


The  following  wovk  is  intended  for  the  instruction  cf  general  readers,  to  direcl 
^heir  attention  to  the  study  of  the  heavens,  and  to  preseat  to  their  view  sublime  ob- 
jects of  contemplation.  With  this  view  the  author  has  avoided  entering-  on  the  more 
abstruse  and  recondite  portions  of  astronomical  science,  and  confined  his  attention 
chiefly  to  the  exhibition  of  facts,  the  foundation  on  which  they  rest,  and  the  reason- 
ings by  which  they  are  supported.  All  the  prominent  facts  and  discoveries  connected 
with  descriptive  astronomy,  in  so  far  as  they  relate  to  the  planetary  system,  are  here 
recorded,  and  many -of  them  exhibited  in  a  new  point  of  view ;  and  several  new  facts 
and  observations  are  detailed  which  have  hitherto  been  either  unnoticed  or  unrecorded. 

The  results  of  hundreds  of  tedious  calculations  have  been  introduced  respecting 
the  solid  and  superficial  contents  of  the  different  planets,  their  satellites,  and  the 
rings  of  Saturn;  their  comparative  magnitudes  and  motions,  the  extent  of  their 
orbits,  the  apparent  magnitudes  of  bodies  in  their  respective  firmaments,  and  many 
other  particulars  not  contained  in  books  of  astronomy,  in  order  to  produce  in  the 
minds  of  common  readers  definite  conceptions  of  the  magnitude  and  grandeur  of  the 
solar  system.  The  mode  of  determining  the  distances  and  magnitudes  of  the  celes- 
tial bodies  is  explained,  and  rendered  as  perspicuous  and  popular  as  the  nature  of 
tlie  subject  will  admit;  and  the  prominent  arguments  which  demonstrate  a  plurality 
of  worlds  aie  considered  in  all  their  bearings,  and  illustrated  in  detail. 

One  new  department  of  astronomical  science,  which  has  hitherto  been  overiooKed, 
nas  been  introduced  into  this  volume,  namely,  the  scenery  of  the  heavens  as  exhibited 
^rom  the  surfaces  of  the  different  planets  and  their  satellites^  which  forms  an  interesting 
abject  of  contemplation,  and,  at  the  same  time,  a  presumptive  argument  in  favour  of 
the  doctrine  of  a  plurality  of  worlds. 

The  author,  having  for  many  years  past  been  a  pretty  constant  observer  of  celes- 
tial phenomena,  was  under  no  necessity  of  adhering  implicitly  to  the  descriptions 
given  by  preceding  writers,  having  had  an  opportunity  of  observing,  through  some 
of  the  best  reflecting  and  achromatic  telescopes,  the  greater  part  of  the  phenomena 
of  the  solar  system  which  are  here  described. 

Throughout  the  volume  he  has  endeavoured  to  make  the  facts  he  describes  beai 
upon  the  illustration  of  the  Power,  Wisdom,  Benevolence,  and  the  Moral  Govern- 
ment of  the  Almighty,  and  to  elevate  the  views  of  the  reader  to  the  contemplation  of 
Him  who  sits  on  the  throne  of  the  universe,  "by  whom  the  worlds  were  framed," 
and  who  is  the  Source  and  Centre  of  all  felicity. 

In  prosecuting  the  subject  of  Celestial  Scenery,  the  author  intends,  in  another 
volume,  to  carry  forward  his  survey  to  the  Starry  Heavens  and  other  objects  con- 
nected with  astronomy.  That  volume  will  embrace  discussions  relative  to  the 
number,  distance,  and  arrangement  of  the  stars ;  periodical  and  variable  stars ;  new 
44  (345)  (3) 
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and  temporary  stars  ;  double  and  triple  stars ;  binary  systems ;  stellar  and  planetary 
nebulae ;  the  comets,  and  other  particulars ;  accompanied  with  such  reflections  aa 
the  contemplation  of  such  august  objects  may  suggest.  The  subject  of  a  plurality 
of  worlds  will  likewise  be  prosecuted,  and  additional  arguments,  derived  both  from 
reason  and  Revelation,  wdll  be  adduced  in  support  of  this  position.  The  practical 
utility  of  astronomical  studies,  their  connexion  with  religion,  and  the  views  they 
unfold  of  the  perfections  and  the  empire  of  the  Creator,  will  also  be  the  subjev'^t  of 
consideration.  And  should  the  limits  of  a  single  volume  permit,  some  hints  may 
be  given  in  relation  to  the  desiderata  in  astronomy,  and  the  means  by  which  the 
progress  of  the  science  may  be  promoted,  together  with  descriptions  of  the  telescope, 
the  equatorial,  and  other  instruments,  and  the  manner  of  using  them  for  celestial 
investigation. 

Broughty  Ferry,  near  Dundee,  ) 
December,  1837.  \ 
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CELESTIAL    SCENERY- 


INTRODUCTION, 


AfcTiioi^omT  is  that  department  of  know- 
'B:ige  which  has  for  its  object  to  investigate 
^e  motions,  the  magnitudes,  and  distances  of 
the  heavenly  bodies ;  the  laws  by  which  their 
movements  are  directed,  and  the  ends  they  are 
intended  to  subserve  in  the  fabric  of  the  uni- 
verse. This  is  a  science  which  has  in  all  ages 
engaged  the  attention  of  the  poet,  the  philoso- 
pher, and  the  divine,  and  been  the  subject  of 
their  study  and  admiration.  Kings  have  de- 
scended from  their  thrones  to  render  it  homage, 
and  have  sometimes  enriched  it  with  their  la- 
bours ;  and  humble  shepherds,  while  watching 
*heir  flocks  by  night,  have  beheld  with  rapture 
the  blue  vault  of  heaven,  with  its  thousand 
shining  orbs,  moving  in  silent  grandeur,  till 
the  morning  star  announced  the  approach  of 
day.  The  study  of  this  science  must  have 
been  coeval  with  the  existence  of  man ;  for 
there  is  no  rational  being  who  has  for  the  first 
time  lifted  his  eyes  to  the  nocturnal  sky,  and 
beheld  the  moon  walking  in  brightness  amidst 
the  planetary  orbs  and  the  host  of  stars,  but 
must,  have  been  struck  with  admiration  and 
wonder  at  the  splendid  scene,  and  excited  to 
inquiries  into  the  nature  and  destination  of 
those  far-distant  orbs.  Compared  with  the 
splendour,  the  amplitude,  the  august  motions, 
and  the  ideas  of  infinity  which  the  celestial 
vault  presents,  the  most  resplendent  terrestrial 
scenes  sink  into  inanity,  and  appear  unworthy 
of  being  set  in  competition  with  the  glories 
of  the  sky. 

When,  on  a  clear  autumnal  evening,  afler 
jnset,  we  take  a  serious  and  attentive  view 
of  the  celestial  canopy ;  when  we  behold  the 
moon  displaying  her  brilliant  crescent  in  the 
western  sky ;  the  evening  star  gilding  the 
shades  of  night ;  the  planets  moving  in  their 
several  orbs ;  the  stars,  one  afler  another, 
emerging  from  the  blue  ethereal,  and  gradually 
lighting  up  the  firmament  till  it  appear  all 
over  spangled  with  a  brilliant  assemblage  of 
shining  orbs ;  and  particularly  when  we  be- 
hold one  cluster  of  stars  gradually  descending 
below  the  western  horizon,  and  other  clusters 
emerging  from  the  east,  and  ascending,  in 
unison, the  canopy  of  heaven;  when  we  con- 
^mplate  the  whole  celestial  vaiult,  with  all  the 


shining  orbs  it  contains,  moving  m  silent 
grandeur,  like  one  vast  concave  sphere,  around 
this  lower  world  and  the  place  on  which  we 
stand — such  a  scene  naturally  leads  a  reflect- 
ing mind  to  such  inquiries  as  these :  Whence 
come  those  stars  which  are  ascending  from 
the  east  ]  Whither  have  those  gone  which 
have  disappeared  in  the  wesf?  What  be- 
comes of  the  stars  during  the  day  which  are 
seen  in  the  night  7  Is  the  motion  which  ap- 
pears in  the  celestial  vault  real,  or  does  a  mo- 
tion in  the  earth  itself  cause  this  appearance  I 
What  are  those  immense  numbers  of  shining 
orbs  which  appear  in  every  part  of  the  sky  1 
Are  they  mere  studs  or  tapers  fixed  in  the 
arch  of  heaven,  or  are  they  bodies  of  im- 
mense size  and  splendour  1  Do  they  shine 
with  borrowed  light,  or  with  their  own  native 
lustre?  Are  they  placed  only  a  few  miles 
above  the  region  of  the  clouds,  or  at  immense 
distances,  beyond  the  range  of  human  ci>m- 
prehension'?  Can  their  distance  be  ascer- 
tained 1  Can  their  bulk  be  computed  1  By 
what  laws  are  their  motions  regulated  1  and 
what  purposes  are  they  destined  to  subserve 
in  the  great  plan  of  the  universe  T  These, 
and  similar  questions,  it  is  the  great  object  of 
astronomy  to  resolve,  in  so  far  as  the  human 
mind  has  been  enabled  to  prosecute  the  path 
of  discovery. 

For  a  long  period,  during  the  infancy  of 
science,  comparatively  little  was  known  of  the 
heavenly  bodies  excepting  their  apparent  mo- 
tions and  aspects.  Instead  of  investigating 
with  care  their  true  motions,  and  relative  dis- 
tances and  magnitudes,  many  of  our  ances- 
tors looked  up  to  the  sky  either  with  a  brute 
unconscious  gaze,  or  viewed  the  heavens  as 
the  book  of  fate,  in  which  they  might  read 
their  future  fortunes,  and  learn,  from  the  signs  , 
of  the  zodiac,  and  the  conjunctions  and  other 
aspects  of  the  planets,  the  temperaments  and 
destinies  of  men  and  the  fate  of  empires. 
And  even  to  this  day,  in  many  countries,  the 
fallacious  art  of  prognosticating  fortunes  by 
the  stars  is  one  of  the  chief  uses  to  which  the 
science  of  the  heavens  is  applied.  In  the 
ages  to  which  I  allude,  the  world  in  which 
we  dwell  was  considered  as  the  largest  body 

l361) 


Hosted  by  Google 


10 


INTRODUCTION. 


In  the  universe.  It  was  supposed  to  be  an 
immense  plane,  diversified  with  a  few  ine- 
qualitieSj  and  stretching  in  every  direction  to 
an  indefinite  extent.  How  the  sun  penetrated 
or  surmounted  this  immense  mass  of  matter 
every  morning,  and  what  became  of  him  in 
the  evening — whether,  as  the  poets  assert,  he 
extinguished  himself  in  the  western  ocean, 
and  was  again  lighted  up  in  the  eastern  sky 
in  the  morning-*-many  of  them  could  not  de- 
termine. Below  this  mass  of  matter  we  call 
the  earth,  it  was  conceived  that  nothing  but 
darkness  and  empty  space,  or  the  regions  of 
Tartarus,  could  exist.  The  stars  which  gild 
the  concave  of  the  firmament  above  were  con- 
sidered only  as  so  many  bright  studs  fixed  in 
a  crystalline  sphere,  which  carried  them  round 
every  day  to  emit  a  few  glimmering  rays,  and 
to  adorn  the  ceiling  of  our  terrestrial  habita- 
tion. Above  the  visible  firmament  of  heaven, 
and  far  beyond  the  ken  of  mortal  eye,  the 
Deity  was  supposed  to  have  fixed  his  special 
residence,  among  myriads  of  superior  intelli- 
gences. The  happiness,  the  preservation,  and 
the  moral  government  of  the  human  race 
were  supposed  to  be  the  chief  business  and 
object  of  the  Deity,  to  which  all  his  decrees 
in  eternity  past,  and  all  his  arrangements  in 
relation  to  eternity  to  come,  had  a  special  and 
almost  exclusive  reference.  Such  ideas  are 
still  to  be  found,  even  in  the  writings  of  Chris- 
tian divines,  at  a  period  no  further  back  than 
the  sixteenth  century. 

To  hazard  the  opinion  that  the  plans  of  the 
Almighty  embraced  a  much  more  extensive 
range — that  other  beings,  analogous  to  men, 
inhabited  the  planetary  or  the  starry  orbs,  and 
that  such  beings  form  by  far  the  greater  part 
of  the  population  of  the  universe — would  have 
been  considered  as  a  heresy  in  religion,  and 
would  probably  have  subjected  some  of  those 
who  embraced  it  to  the  anathemas  of  the 
church,  as  happened  to  Spigelius,  bishop  of 
Upsal,  for  defending  the  doctrine  of  the  anti- 
podes, and  to  Galileo,  the  philosopher  of  Tus- 
cany, for  asserting  the  motion  of  the  earth. 
The  ignorance,  the  intolerance,  and  the  con- 
tracted views  to  which  I  allude,  are,  however, 
now,  in  a  great  measure,  dissipated.  The 
light  of  science  has  arisen,  and  shed  its  benign 
influence  on  the  world.  It  has  dispelled  the 
darkness  of  former  ages,  extended  our  pros- 
pects of  the  grandeur  and  magnificence  of  the 
scene  of  creation,  and,  in  conjunction  with 
the  disco '/cries  of  revelation,  has  opened  new 
views  of  the  perfections  and  moral  govern- 
ment of  the  Almighty.  In  the  progress  of 
astronomical  science,  the  distances  and  mag- 
nitndes  of  many  of  the  celestial  bodies  began 
to  be  pretty  nearly  ascertained ;  and  the  in- 
vention of  the  telescope  enabled  the  astrono- 
mer to  extend  his  views  into  regions  far 
r352) 


beyond  the  limits  of  the  unassisted  eye,  mul 
to  discover  myriads  of  magnificent  globes  for- 
merly hid  in  the  unexplored  regions  of  im- 
mensity. The  planetary  orbs  were  found  to 
bear  a  certain  resemblance  to  the  earth,  having 
spots  and  dark  streaks  of  different  shades 
upon  their  surfaces ;  and  it  was  not  long  in 
being  discovered  that,  notwithstanding  their 
apparent  brilliancy,  they  are,  in  reality,  opaque 
globes,  which  derive  all  their  light  and  lustre 
from  the  sun.  The  planet  Venus,  in  different 
parts  of  its  orbit,  was  observed  to  exhibit  a 
gibbous  phase,  and  the  form  of  a  crescent 
similar  to  the  moon,  plainly  indicating  that  it 
is  a  dark  globe,  enlightened  only  on  one  side 
by  the  rays  of  the  sun.  The  moon  was  per- 
ceived to  be  diversified  with  hills  and  valleys, 
caverns,  rocks,  and  plains,  and  ranges  of 
mountains  of  every  shape,  but  arranged  in  a 
manner  altogether  different  from  what  takes 
place  in  our  sublunary  spheie.  The  sun, 
which  was  generally  supposed  to  be  a  ball  of 
liquid  fire,  was  found  to  be  sometimes  covered 
with  large  dark  spots,  some  of  them  exceeding 
in  size  the  whole  surface  of  the  terraqueous 
globe,  and  giving  indications,  by  their  frequent 
changes  and  disappearance,  of  vast  operations 
being  carried  on  upon  the  surface  and  in  the 
interior  of  that  magnificent  luminary.  Hun- 
dreds of  stars  were  descried  where  scarcely 
one  could  be  perceived  by  a  common  observer ; 
and  as  the  powers  of  the  telescope  were  in- 
cregsed,  thousands  more  were  brought  to 
vie^/V',  extending  in  every  direction,  from  the 
limits  of  unassisted  vision  throughout  the 
boundless  extent  of  space. 

It  is  natural  for  an  intelligent  observer  of 
the  universe  to  inquire  into  the  final  causes 
of  the  various  objects  which  exist  around 
him.  When  he  beholds  the  celestial  regions 
filled  with  bodies  of  an  immense  size,  arranged 
in  beautiful  and  harmonious  order,  and  per- 
forming their  various  revolutions  with  regu- 
larity and  precision,  the  natural  inquiry  is. 
For  what  end  has  the  Deity  thus  exerted  his 
wisdom  and  omnipotence  1  What  is  the  ulti- 
mate destination  of  those  huge  globes  which 
appear  in  the  spaces  of  the  firmament  1  Are 
these  vast  masses  of  matter  suspended  in  the 
vault  of  heaven  merely  to  diversify  the  voids 
of  infinite  space,  or  to  gratify  a  few  hundreds 
of  terrestrial  astronomers  in  peeping  at  them 
through  their  glasses  1  Is  the  Almighty  to  be 
considered  as  taking  pleasure  in  beholding  a 
number  of  splendid  lamps,  hung  up  through- 
out the  wilds  of  immensity,  which  have  no 
relation  to  the  acccmmodation  and  happiness 
of  intelligent  minds'?  Has  he  no  end  in 
view  corresponding  to  the  magnificence  and 
grandeur  of  the  means  he  has  employed  !  Or. 
are  we  to  conclude  that  his  wisdom  and  good- 
ness are  no  less  conspicuously  disp!siYed  than 
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his  omnipotence  in  peopling  those  vast  bodies 
with  myriads  of  intelligent  existences  of  va- 
rious orders,  to  share  in  his  beneficence  and 
to  adore  his  perfections]  This  last  deduc- 
tion is  the  only  one  which  appears  compatible 
with  any  rational  ideas  we  can  entertain  of 
the  wisdom  and  intelligence  of  the  Eternal 
Mind,  and  the  principles  of  the  Divine  govern- 
ment. 

This  opinion  is  now  very  generally  enter- 
tained by  those  who  have  turned  their  atten- 
tion to  the  subject.  But  it  is  frequently  ad- 
mitted on  grounds  that  are  too  general  and 
vague  ;  on  the  authority  of  men  of  science,  or 
on  the  mere  ground  that  the  planets  and  stars 
are  bodies  of  immense  size ;  and  hence  it  is 
only  considered  as  a  probable  opinion,  and  a 
thorough  conviction  of  its  truth  is  seldom  pro- 
duced in  the  mind. 

In  the  following  work  it  shall  be  our  en- 
deavour to  show  that  the  arguments  which 
may  be  brought  forward  to  establish  the  doc- 


trine of  a  plurality  of  ;v§^  have  all  the  force 
of  a  moral  demonstratiorf ;  that  Ihey  throw  a 
lustre  on  the  perfections  of  the  Divinity ;  and 
that  the  opposite  opinion  is  utterly  inconsis- 
tent with  every  idea  we  ought  to  entertain  of 
an  AUwise  and  Omnipotent  Intelligence. 

In  order  to  the  full  illustration  of  this  sub- 
ject, it  will  be  necessary  to  take  a  pretty 
minute  and  comprehensive  view  of  all  the 
known  facts  in  relation  to  the  heavenly  bodies  ; 
and  while  these  facts  will  be  made  to  bear 
upon  the  object  now  proposed,  they  will  like- 
wise tend  to  exhibit  the  scenery  of  the  heavens, 
and  to  elucidate  many  of  the  prominent  truths 
and  principles  connected  with  descriptive  as- 
tronomy. In  the  progress  of  our  discussions, 
we  shall  descend  into  many  minute  particu- 
lars which  are  generally  overlooked  by  writers 
on  the  subject  of  astronomy,  and  shall  intro- 
duce several  original  observations  and  views 
on  this  subject  which  have  not  hitherto  been 
particularly  detailed. 


CHAPTER  I. 

On  the  general  appearance  and  apparent  motions  of  the  Starry  Heavens, 


Befoue  proceeding  to  a  particular  descrip- 
tion of  the  real  magnitudes,  motions,  and  phe- 
nomena of  the  heavenly  bodies,  it  may  not  be 
improper  to  take  a  brief  survey  of  the  general 
appearance  and  apparent  motions  of  the  celes- 
tial vault,  as  they  present  themselves  to  the 
eye  of  a  common  observer. 

It  is  of  importance  to  every  one  who  wishes 
to  acquire  a  clear  idea  of  the  principles  of  as- 
tronomy and  the  phenomena  of  the  heavens, 
that  he  contemplate  with  his  own  eyes  the 
apparent  aspects  and  revolutions  of  the  celes- 
tial bodies  before  he  proceeds  to  an  investiga- 
tion of  the  real  motions,  phenomena,  and 
arrangements  which  the  discoveries  of  science 
liave  led  us  to  deduce.  From  want  of  atten- 
tion to  this  circumstance,  there  are  thousands 
of  smatterers  in  the  science  of  astronomy  who 
never  acquire  any  clear  or  comprehensive  ideas 
on  this  subject ;  and  who,  instead  of  clearly 
perceiving  the  relations  of  the  heavenly  orbs 
from  their  own  observation,  rely  chiefly  on 
the  assertions  of  their  instructors,  or  the  vague 
des'^iriptions  to  be  found  in  elementary  books. 
It  io  amazing  how  many  intelligent  men  there 
are  among  us  who  would  not  wish  to  be  con- 
sidered altogether  ignorant  of  modern  astro- 
nomy, have  never  looked  up  to  the  celestial 
vault  with  fixed  attention  ;  have  never  made 
repeated  observations  to  discover  its  pheno- 
mena ;  and  cannot  tell,  from  their  own  survey, 
what  are  the  various  motions  it  exhibits. 
There  are  thousands  and  ten  thousands  who 
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have  gazed  on  a  clear  evening  sky,  at  certain 
intervals,  during  a  period  of  many  years,  yet 
can  tell  no  more  about  the  glorious  scene 
around  them  than  that  they  behold  a  number 
of  shining  points  twinkling  in  every  direc- 
tion in  the  canopy  above.  Whether  these 
bodies  shift  their  positions  with  regard  to  each 
other,  or  remain  at  the  same  relative  distances ; 
whether  any  of  them  appear  in  motion,  wk  ile 
others  appear  at  rest ;  whether  the  whole  celes- 
tial canopy  appears  to  stand  still,  or  is  cariied 
round  with  some  general  motion  ;  whethei  all 
the  stars  which  are  seen  at  six  o'clock  in  the 
evening  are  also  visible  at  twelve  at  midnight ; 
whether  the  stars  rise  and  set,  as  the  sun  and 
moon  appear  to  do  ;  whether  they  rise  in  the 
east,  or  north-east,  or  in  any  other  qua  rter ; 
whether  some  rise  and  set  regularly,  while 
others  never  descend  below  the  horizon  ;  whe- 
ther any  particular  stars  are  occasi  >nally 
moving  backward  or  forward,  and  in  what 
parts  of  the  heavens  they  appear;  whether 
there  are  stars  in  our  sky  in  the  daytime  as 
well  as  well  as  during  night;  whether  the 
same  clusters  of  stars  are  to  be  seen  in  sum- 
mer as  in  winter  1  To  these  and  similar  ques- 
tions there  are  multitudes  who  have  received 
a  regular  education,  and  who  are  members  of  a 
Christian  church,  who  could  give  no  satisfac- 
tory answers.  And  yet  almost  every  one  of 
these  inquiries  could  be  satisfactorily  an- 
swered, in  the  course  of  a  few  evenings,  by 
any  man  of  common  understanding  who  di- 
2  o  2  (353) 
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reeled  liis  attention  for  a  few  hours  to  the  sub- 
jvJct,  and  that,  too,  without  the  knowledge  of 
a  single  scientific  principle.  He  has  only  to 
open  his  eyes,  and  to  make  a  proper  use  of 
them  ;  to  fix  his  attention  on  the  objects  before 
him ;  to  make  one  observation  after  another, 
and  compare  them  together ;  and  to  consider 
that  "  the  works  of  the  Lord  are  great,^^  and 
that  they  ought  "  to  be  sought  out  [or  serious- 
ly investigated]  by  all  those  who  have  plea- 
sure therein." 

If  this  representation  be  admitted  as  just, 
what  a  striking  idea  does  it  present  of  the 
apathy  and  indifference  of  the  greater  part  of 
mankind  in  regard  to  the  most  astonishing 
and  magnificent  display  which  the  Creator 
has  given  of  himself  in  his  works  !  Had  we 
an  adequate  conception  of  all  the  scenes  of 
grandeur,  and  the  displays  of  intelligence  and 
omnipotent  power,  which  a  serious  contem- 
plation of  a  starry  sky  is  calculated  to  convey, 
all  the  kingdoms  of  this  world  would  sink  into 
comparative  insignificance,  and  all  their  pomp 
and  splendour  appear  as  empty  as  the  bubbles 
of  the  deep.  It  is  amazing  that  Christians, 
in  particular,  should,  in  so  many  instances, 
be  found  overlooking  such  striking  displays  of 
Divine  perfection  as  the  firmament  opens  to 
our  view,  as  if  the  most  august  works  of  the 
Creator,  and  the  most  striking  demonstration 
of  his  "  eternal  power  and  godhead,"  were  un- 
worthy of  their  regard ;  while  we  are  com- 
manded, in  scripture,  to  "  hft  up  our  eyes  on 
high,  and  consider  Him  who  hath  created 
these  orbs,  who  bringeth  forth  their  hosts  by 
number,"  and  who  guides  them  in  all  their 
motions  "by  the  greatness  of  his  strength." 
"  The  heavens,"  says  the  psalmist,  "  declare 
the  glory  of  the  Lord,  and  the  firmament 
showeth  his  handiwork."  Though  these  lu- 
minaries "have  no  speech  nor  language," 
though  "  their  voice  is  not  heard"  in  articulate 
sounds,  yet,  as  they  move  along  in  silent  gran- 
deur, they  declare  to  every  reflecting  beholder 
that  "  the  hand  that  made  them  is  Divine." 

One  great  cause  of  this  indifference  and 
inattention  is  to  be  found  in  the  want  of  those 
habits  of  observation  and  reflection  which 
ought  to  be  formed  in  early  life  by  the  instruc- 
tions imparted  in  the  family  circle  and  at  pub- 
lic seminaries.  Children,  at  a  very  early  age, 
are  endowed  with  the  principle  of  curiosity, 
and  manifest  an  eager  desire  to  become 
acquainted  with  the  properties  and  movements 
of  the  various  objects  which  surround  them ; 
but  their  curiosity  is,  in  most  ii.stances,  im- 
properly directed ;  they  are  seldom  taught  to 
make  a  right  use  of  their  senses  ;  and  when 
they  make  inquiries  in  reference  to  the  appear- 
ances of  nature,  their  curiosity  is  too  frequently 
repressed,  till,  at  length,  habits  of  inattention 
jid  indi:Serence  take  possession  of  their  minds. 
(354) 


A  celebrated  author  represents  his  pupil  m 
expressing  himself  in  the  following  manner  :— 
"  I  shall  freely  tell  you  the  things  which  fre» 
quently  occur  to  my  mind,  and  often  perplex 
my  thoughts.  I  see  the  heavens  over  my  head, 
and  tread  on  the  earth  with  my  feet ;  but  I 
am  at  a  loss  what  to  think  of  that  mighty 
concave  above  me,  or  even  of  this  vi^ry  earth 
I  walk  upon.  I  often  think  whether  the  earth 
may  not  stretch  out  in  breadth  to  immensity, 
so  as,  if  one  was  to  travel  it  over,  one  should 
never  be  able  to  get  to  the  end  of  the  earth, 
but  always  find  room  to  continue  the  journey  ; 
nor  can  I  satisfy  myself  as  to  the  depth  of  the 
earth,  whether  it  has  any  bottom  ;  and,  if  so, 
what  it  can  be  that  is  below  the  earth.  As  to 
the  heaven,  I  need  say  nothing ;  every  change 
that  happens,  and  every  object  seen  there, 
perplex  me  with  doubts  and  fruitless  guesses. 
I  often  wonder  how  the  sun  moves  over  so 
lar*e  a  space  every  day,  and  yet  seems  not  to 
stir  out  of  his  place.  I  would  know  where  he 
goes  beyond  the  mountains  in  the  evening ; 
what  becomes  o^  him  in  the  nighttime  ;  whe- 
ther he  makes  his  way  through  the  thickness 
of  the  earth,  or  the  depth  of  the  sea,  and  so 
always  shows  himself  again  from  the  east 
next  morning.  It  seems  strange  that,  being' 
so  small  a  body  as  he  is,  he  should  still  be 
seen  every  where,  and  still  of  the  same  bigness. 
The  various  nature  of  the  momi  seems  yet 
more  perplexing;  to-night,  perhaps,  you  can 
scarce  discern  her ;  but,  in  a  few;  days,  she 
becomes  larger  than  the  body  of  the  sun  itself.' 
In  a  little  time  after,  she  decays,  and,  at  last, 
wears  quite  away  ;  yet  she  recovers  again.  In 
a  word,  she  is  never  the  same,  and  yet  still 
becoming  what  she  was  before.  What  means 
that  multitude  of  stars  scattered  over  the  face 
of  the  whole  sky,  whose  number  is  so  great 
that  it  is  become  proverbial  1  There  are  othoj 
things  I  want  to  be  informed  of,  but  these  are 
the  main  difficulties  which  exercise  ray 
thoughts,  and  perplex  my  mind  with  endless 
doubting." 

Were  the  young,  or  any  other  class  of  per- 
sons, led  to  such  reflections  as  these,  and 
were  their  doubts  and  inquiries  resolved,  so 
far  as  our  knowledge  extends,  we  should  have 
a  hundred  intelligent  observers  of  the  pheno- 
mena of  the  universe  for  one  that  is  found  in 
the  present  state  of  society.  But,  instead  of 
answering  their  inquiries  and  gratifying  their 
natural  curiosity,  we  not  unfi;equently  tell 
them  that  they  arc  troublesome  with  their 
idle  questions ;  that  they  ought  to  mind  their 
grammar  and  parts  of  speech,  and  not  meddle 
with  philosophical  matters  till  they  be  many 
years  older;  that  such  subjects  cannot  be 
understood  till  they  become  men;  and  that 
they  must  be  content  to  remain  in  ignorance 
for  ten  or  twelve  years  to  come.     Thus  wm 
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frequently  display  our  own  ignorance  and  in- 
attention, and  thus  we  repress  the  natural  de- 
sire for  knowledge  in  the  young,  till  they 
become  habituated  to  ignorance,  and  till  the 
uneasy  sense  arising  from  curiosity  and  un- 
satisfied desire  has  lost  its  edge,  and  a  desire 
for  sensual  or  vicious  pleasure  usurps  its 
place,  I  recollect,  when  a  boy  of  about  seven 
or  eight  years  of  age,  frequently  musing  on 
such  subjects  as  those  to  which  we  have 
now  alluded.  I  sometimes  looked  out  from 
a  window,  in  the  daytime,  with  fixed  atten- 
tion, on  a  pure  azure  sky,  and  sometimes 
stretched  myself  on  my  back  on  a  meadow, 
or  in  a  garden,  and  looked  up  to  the  zenith 
to  contemplate  the  blue  ethereal.  On  such 
occasions  a  variety  of  strange  ideas  sometimes 
passed  through  my  mind.  I  wondered  how  far 
the  blue  vault  of  heaven  might  extend ;  whe- 
ther it  was  a  solid  transpaient  arch,  or  empty 
space ;  what  would  be  seen  could  I  transport 
myself  to  the  highest  point  1  perceived ;  and 
what  display  the  Almighty  made  of  himself 
in  those  regions  so  far  removed  from  mortal 
view.  I  asked  myself  whether  the  heavens 
might  be  bounded  on  all  sides  by  a  solid  wall ; 
how  far  this  wall  might  extend  in  thickness ; 
or  whether  there  was  nothing  but  empty 
space,  suppose  we  could  fly  for  ever  in  any 
direction.  I  then  entered  into  a  train  of  in- 
quiries as  to  what  would  have  been  the  con- 
sequences had  neither  heaven  nor  earth  been 
made,  and  nad  God  alone  existed  in  the  bound- 
less void.  Why  was  the  world  created  ]  What 
necessity  was  there  why  God  himself  should 
exist  1  And  why  was  not  all  one  vast 
blank,  devoid  of  matter  and  intelligence] 
My  thoughts  ran  into  wild  confusion  5  they 
were  overwhelming,  and  they  became  even 
oppressive  and  painful,  so  as  to  induce  me  to 
put  a  check  to  them,  and  to  hasten  to  my  play- 
ful associates  and  amusements.  But  although 
my  relatives  were  more  intelligent  than  many 
of  their  neighbours,  I  never  thought  of  broach- 
ing such  ideas,  or  of  making  any  inquiries  of 
them  respecting  the  objects  which  had  per- 
plexed my  thoughts ;  and,  even  if  I  had,  it  is 
not  likely  I  should  have  received  much  satis- 
faction. Such  views  and  reflections  are,  per- 
haps, not  uncommon  in  the  case  of  thousands 
of  young  people.  I  mention  these  things  to 
show  that  the  youthful  mind,  in  consequence 
of  the  innate  desire  of  knowledge  with  which 
it  is  endowed,  is  often  in  a  state  peculiarly 
adapted  for  receiving  instruction  on  many 
important  subjects,  and  for  becoming  an  in- 
telligent observer  of  the  economy  of  nature, 
were  it  not  that  our  methods  of  instruction 
hitherto,  both  in  public  and  in  private,  instead 
of  gratifying  juvenile  curiosity,  have  frequently 
tended  to  counteract  the  natural  aspirations  of 
the  opening  mind. 


But,  leaving  such  reflections  and  digres- 
sions, let  us  now  take  a  general  view  of  the 
motions  and  phenomena  of  the  nocturnal 
heavens. 

Let  us  suppose  ourselves  under  the  open 
canopy  of  heaven  in  a  clear  night,  at  six 
o'clock  in  the  evening,  about  the  first  of 
November.  I  fix  upon  this  period,  because 
the  Pleiades,  or  seven  stars,  which  are  known 
to  every  one,  are  then  visible  during  the 
whole  night,  and  because,  at  this  season  of 
the  year,  the  most  brilliant  fixed  stars,  and 
the  more  remarkable  constellations,  are  above 
the  horizon  in  the  evening.  Turning  our 
eyes,  in  the  first  place,  towards  the  eastern 
quarter  of  the  heavens,  we  shall  see  the  seven 
stars  just  risen  above  the  horizon,  in  a  direc- 
tion about  half  way  between  the  east  and  the 
north-east  points,  or  east-north-east.  North- 
west from  the  seven  stars,  at  the  distance 
of  thirty  degrees,  a  very  bright  star,  named 
Capella,  may  be  perceived  at  an  elevation  of 
about  eighteen  degrees  above  the  horizon. 
Directing  our  view  towards  the  south,  we 
shall  perceive  a  pretty  bright  star,  with  a 
small  star  on  the  north  and  another  on  the 
south  of  it,  which  has  just  passed  the  meridian. 
This  star  is  called  Altair,  and  belongs  to  the 
constellation  Aquila.  It  is  nearly  south,  at 
an  elevation  of  forty-six  degrees,  or  about 
halfway  between  the  horizon  and  the  zenith.' 
About  thirty-three  degrees  north  from  Altair, 
and  a  little  farther  to  the  west,  is  the  brilliant 
star  Lyra,  belonging  to  the  Harp,  Looking 
to  the  west,  a  bright  star,  named  Arcturus, 
will  be  seen  about  fifteen  degrees  above  the 
horizon,  a  very  little  to  the  north  of  the  western 
point.  Turning  our  eyes  in  a  northerly  direc- 
tion, the  constellation  Ursa  Major,  or  the 
Great  Bear,  presents  itself  to  view.  This 
cluster  of  stars  is  sometimes  distinguished  by 
the  name  of  the  Plough,  or  Charles's  Wain, 
and  is  known  to  almost  every  observer.  The 
relative  positions  of  the  prominent  stars  it 
contains  are  represented  in  the  following 
figure.  At  the  time  of  the  evening  now  sup- 
posed, it  appears  a  little  to  the  westward  of 
the  northern  point  of  the  heavens,  the  two 
eastern  stars  of  the  square  being  about  eight- 
teen  degrees  west  from  that  point.  These 
two  stars,  the  uppermost  of  which  is  named 
Duhhe,  aixd  the  lower  one  Merak,  are  generally 
distinguished  by  the  name  of  the  Pointers,  be- 
cause they  point,  or  direct  our  eye  towards  the 
pole-star. 

The  seven  stars  in  the  lower  part  of  the 
figure  are  the  prominent  stars  which  consti- 
tute the  tail  and  the  body  of  the  Great  Bear. 
The  first  of  these,  reckoning  from  the  lefl, 
is  termed  Benetnasch,  the  second  Mizar,  the 
third  Alioth,  the  fourth  Megrez,  immediately 
below  which  is  Phad,     The  other  two  star?. 

(355) 
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to  the  right  are  the  Pointers  alluded  to  above. 
If  a  line  connecting  these  two  stars  be  con- 
sidered as  prolonged  upward  to  a  cmisiderable 
distance  till  it  meet  the  first  bright  stai,  it 
directs  us  to  the  polestar,  which  is  the  one 
nearest  to  the  pole,  and  which,  to  a  common 
observer,  never  seems  to  shift  its  position. 
The  uppermost  star  in  the  figure  towards  the 
right  liand  represents  the  pole-star  in  its  rela- 
tive distance  and  position  to  the  Great  Bear, 
The  distance  between  the  two  pointers,  Dubhe 
and  Merak,  is  about  five  degrees;  and  the 
distance  betwreen  Dubhe,  the  uppermost  of 
the  pointers,  and  the  pole-star,  is  about  twenty- 
nine  degrees  ;  so  that  the  space  between  Dubhe 
and  the  pole-star  is  nearly  six  times  the  dis- 
tance between  the  two  pointers.  By  attending 
to  these  circumstances,  the  distance  between 
any  two  stars,  when  expressed  in  degrees,  may 
be  nearly  ascertained  by  the  eye.  The  six 
small  stars  in  the  upper  part  of  the  figure 
represent  the  constellation  Ursa  Minor,  ox 
the  Lesser  Bear,  of  w^hich  the  pole-star  forms 
the  tip  oi  the  tail.  They  resemble  the  con- 
figuration of  the  stars  in  the  Great  Bear,  only 

Fig.  1. 


they  are  on  a  smaller  scale,  and  in  a  reversed 
position.* 

Having  now  fixed  on  certain  stars  or  points 
in  the  heavens  as  they  appear  about  six  in  the 
evening,  and  marked  their  relative  positions, 
lei  us  take  another  view  o^  the  celestial  vault 
as  it  appears  about  ten  o'clock  the  same  even- 
ing, or  the  first  clear  evening  afterward.     We 

♦  In  these  observations,  the  observer  is  supposed 
to  he  pikccd  nearly  in  52''  north  latitude,  which  is 
nearly  the  latitude  of  London.  Those  who  reside 
ut  latitudes  between  40°  and  45'^.  as  the  inhabit- 
ants of  Philadelphia.  New  York,  Hartford.  Boston, 
Montreal,  Madrid,  Rome,  &c.,  would  require  to 
postpone  their  observatious  til!  a  little  after  half 
past  six  in  the  evening,  and  to  make  a  small 
allowance  for  the  elevations,  above  stated,  of 
certain  stars  above  the  horizon.  In  most  other 
repects,  the  appearance  of  the  heavens,  to  the 
inhabitants  of  such  places,  will  be  the  same  as 
here  described. 
(356) 


shall  then  find  that  the  seven  stars  have  n^^ 
to  a  considerable  elevation,  and  are  nearly 
halfway  between  the  eastern  horizon  and  the 
south ;  that  the  BulVs-eye,  a  bright  ruddy 
star,  which  was  before  invisible  is  now  seen  a 
little  to  the  eastward  of  the  Pieaides ;  and 
that  the  brilliant  constellation  Oriorij  which  in 
the  former  observation  was  below  the  horizon, 
is  now  distinctly  visible  in  the  east  and  south- 
east ;  and  the  star  Capella  midway  between 
the  horizon  and  the  zenith.  The  stars  J/to?> 
and  Li/ra,  which  were  before  nearly  south, 
have  descended  more  than  half  way  towards 
the  western  horizon.  The  star  Arcturus  is 
no  longer  visible,  having  sunk  beneath  the 
horizon;  and  many  stars  in  the  eastern  quar- 
ter of  the  heavens,  which  were  formerly  un- 
seen, now  make  their  appearance  at  different 
elevations.  The  stars  of  the  Great  Bear,  par- 
ticularly the  two  pointers,  which  were  formerly 
to  the  west  of  the  north  point,  have  nov^ 
passed  to  the  east  of  it.  At  twelve  o'clock, 
midnight,  their  position  may  be  thus  repre- 
sented. 

Fig.  2. 
North. 


The  pointers  now  appear  considerably  t^ 
the  eastward  of  the  north  point,  and  consi« 
derably  more  elevated  than  before,  while  the 
stars  in  the  tail  appear  much  lower.  About 
three  o'clock  next  morning  the  pointers  will 
appear  nearly  due  east  from  the  pole-star,  and 
at  the  same  elevation  above  the  horizon  ;  and 
the  other  stars  in  that  constellation  will  be 
seen  hanging,  as  it  were,  nearly  perpendicular 
below  them.  At  this  hour  the  Pleiades,  or 
seven  stars,  will  appear  to  have  moved  twenty- 
five  degrees  past  the  meridian  to  the  west,  and 
the  brilliant  constellation  Orion  will  be  seen 
nearly  due  south.  The  bright  star  Capella 
now  r^ypears  nearly  in  the  zenith,  o»r  point  di» 
rectly  over  our  heads;  Lyra  is  in  tne  horizon, 
nearly  due  north,  and  Altair  has  descended 
below  the  western  horizon.     At  six  in  the 
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morning,  the  seven  stars  will  be  seen  in  the 
west,  only  a  short  distance  above  the  horizon ; 
and  all  the  other  stars  to  the  eastward  of  them 
will  be  found  to  have  made  a  considerable  pro- 
gress towards  the  west.  At  this  hour  the 
stars  of  the  Great  Bear  will  appear  near  the 
upper  part  of  the  heavens,  and  the  pointers 
not  far  from  the  zenith.  Their  position  at 
this  time  is  shown  in  the  following  figure. 


Here  the  pointers  appear  elevated  a  great 
way  above  the  pole-star,  whereas,  in  the  ob- 
servation at  six  in  the  evening,  the  whole  con- 
stellation appeared  far  helow  it.  At  eight  in 
the  morning,  the  whole  of  the  constellation 
would  be  seen  nearly  overhead,  were  the  stars 
then  visible ;  at  twelve,  noon,  it  would  appear 
towards  the  west,  at  a  considerable  elevation ; 
and  at  six  in  the  evening  it  would  again  re- 
turn to  its  former  position,  as  noted  in  our 
first  observation.  The  following  figure  repre- 
sents the  position  of  Ursa  Minor,  ox  the  Lesser 
Bear,  at  four  different  periods  during  twenty- 
four  hours. 


At  six  in  the  evening,  about  the  beginning 
Qti  November,  Ursa  Minor  will  be  nearly  in 


the  position  represented  on  the  left  at  A. 
nearly  straight  west  from  the  pole-star,  which 
appears  in  the  centre.  Six  hours  afterward, 
or  at  twelve,  midnight,  it  will  appear  below 
the  pole,  in  the  position  marked  5;  at  six 
next  morning  it  will  appear  opposite  to  its 
first  position,  as  represented  on  the  right  at 
C  ;  at  twelve,  noon,  it  will  appear  above  the 
pole,  as  represented  at  D ;  but  in  this  position 
it  cannot  be  seen  in  November,  or  during  the 
winter  months,  as  the  stars  at  that  time  of  the 
day  are  eclipsed  by  the  light  of  the  sun.  At 
six  in  the  evening  it  again  returns  to  its  for- 
mer position.  Such  are  the  general  appear- 
ance and  apparent  motions  of  all  the  stars  in 
the  northern  hemisphere,  within  fifty -two  de- 
grees of  the  pole,  to  a  spectator  situated  in 
63°  of  north  latitude.  They  all  appear  to 
perform  a  circuit,  in  the  course  of  twenty-foui 
hours,  around  a  point  which  is  the  centre  of 
their  motion,  near  to  which  is  the  pole-star. 
All  the  stars  within  this  range  never  set,  but 
appear  to  describe  complete  circles,  of  different 
dimensions,  around  the  pole  and  above  the 
horizon.  When  they  are  in  the  lower  part 
of  their  course,  or  beneath  the  pole,  they  ap- 
pear to  move  from  west  to  east ;  but  when  in 
the  higher  part  of  their  course,  their  apparent 
motion  is  from  east  to  west;  and  all  their  cir- 
cuits are  completed  in  exactly  the  same  period 
of  time,  namely,  twenty-three  hours,  fifty-six 
minutes,  and  four  seconds. 

Let  us  now  consider  the  appearances  which 
present  themselves  in  the  other  quarters  of 
the  heavens.  If  we  turn  our  eyes  a  little  to 
the  left  of  the  south,  near  to  that  point  of  the 
compass  called  south-south-east,  and  observe  a 
star  near  the  horizon,  such  as  the  star  Fomal- 
hautf  in  the  Southern  Fish,  it  will  appear  to 
rise  to  a  very  small  altitude  when  it  comes  to 
the  meridian,  only  about  six  degrees,  and  in 
about  five  hours  it  will  set  near  the  point 
south-south-west,  having  described  a  very  small 
arc  of  a  circle  above  the  horizon.  If  we  di- 
rect our  attention  to  the  south-east,  and  ob- 
serve any  bright  star,  such  as  Sirius,  or  the 
Dog-star,  in  the  horizon,  it  will  make  a  larger 
circuit  over  the  southern  sky,  and  will  remain 
about  nine  hours  above  the  horizon  before  it 
sets  in  the  south-west.  If  we  look  due  east, 
and  see  a  star,  such  as  Procyon  in  the  con- 
stellation of  the  Lesser  Dog,  rising,  it  will  re- 
main about  twelve  hours  above  the  horizon, 
and  will  set  in  the  west.  If  we  look  to  the 
north-east,  and  perceive  any  stars,  such  as 
Castor  and  Fo/Zuic,  beginning  to  appear,  they 
will  make  a  large  circuit  round  the  heavens, 
such  as  the  sun  describes  in  the  month  ol 
June,  and,  after  the  period  of  about  eighteen 
hours,  will  set  in  the  north-west. 

Such  arc  the  general  appearances  and  the 
apparent  motions  of  the  heavens  which  pre- 
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sent  themselves  when  viewed  from  our  north- 
ern latitude.  Were  we  to  take  our  station 
near  the  G  ulf  of  Guinea,  in  the  island  of  Su- 
matra, or  Borneo,  in  the  Gallipago  Isles,  in  the 
city  of  Quito  in  South  America,  or  on  any 
other  point  of  the  globe  near  the  equator,  the 
motions  of  the  stars  would  appear  somewhat 
different.  The  pole-star,  instead  of  being  at 
a  high  elevation,  as  in  our  latitude,  would  be 
in  the  horizon.  All  the  stars  would  appear  to 
rise  and  set,  and  the  time  of  their  continuance 
above  the  horizon  would  be  precisely  the  same. 
The  stars  which  rise  in  the  east  would  ascend 
to  the  zenith,  and  pass  directly  overhead,  in 
the  course  of  six  hours ;  and  in  another  six 
hours  they  would  descend  to  the  horizon,  and 
set  in  the  western  point.  The  stars  near  the 
northern  and  southern  points  would  appear  to 
describe  small  semicircles  above  the  horizon 
during  the  same  time,  and  their  motion  would 
appear  much  slower.  The  Great  Bear,  which 
never  sets  in  our  latitude,  would  be  above  the 
horizon  only  during  the  one  half  of  its  circuit. 
Many  stars  and  constellations  would  appear 
in  the  southern  quarter  of  the  sky  which  we 
never  see  in  our  latitude.  Every  star  would 
be  found  to  remain  exactly  twelve  h"burs  above 
and  twelve  hours  below  the  horizon,  and  all 
the  visible  stars  in  the  firmament  might,  from 
such  a  position,  be  perceived  in  the  course  of 
a  year.  Were  we  to  take  our  station  in'  the. 
southern  hemisphere,  in  Valdivia,  Botany  Bay, 
or  Van  Dicmen's  Land,  the  heavens  would 
present  a  different  aspect  from  any  of  those 
we  have  yet  contemplated.  The  north  pole- 
star,  the  Great  Bear,  and  other  neighbouring 
constellations,  would  never  appear  above  the 
horizon.  Many  of  the  stars  which  we  now 
see  in  the  south  would  appear  in  the  north. 
The  south  pole  would  appear  elevated  about 
forty  degrees  above  the  horizon,  and  various 
clusters  of  stars  would  be  seen  revolving  round 
it,  as  the  Great  Bear  and  other  constellations 
do  around  the  north  pole.  In  fine,  could  we 
take  our  station  at  ninety  degrees  of  north 
latitude,  or,  in  other  words,  at  the  north  pole 
of  the  world,  we  should  just  see  one  half  of 
the  stars  of  heaven,  and  no  portion  of  the 
other  half  would  ever  be  visible.  These  stars 
would  appear  neither  to  rise  nor  set,  nor  yet 
to  stand  still.  They  would  appear  to  move 
round  the  w^hole  heavens,  in  circles  parallel 
to  the  horizon,  every  twenty  four  hours  ;  and 
on  very  clear  evening  all  the  stars  that  are 
ever  visible  in  that  hemisphere  may  be  seen. 
The  stars,  however,  that  appear  in  a  certain 
direction  at  any  particular  hour  will  appear 
at  the  same  elevation  in  the  opposite  direction 
twelve  hours  afterward  ;  and  during  nearly 
six  months  no  stars  will  be  seen  in  the  sky. 
The  apparent  motion. of  the  heavens  may 
$i  any  time  be  perceived  by  fixing  on  any 
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star  that  appears  nearly  in  a  line  with  a  tree^ 
a  spire,  or  any  other  fixed  object,  and  in  the 
course  of  a  few  minutes  its  motion  will  be 
perceptible  ;  or,  fix  a  common  telescope  upon 
a  pedestal,  and  direct  it  to  any  star,  and  in 
three  or  four  minutes  it  will  be  seen  to  have 
passed  out  of  the  field  of  view.  In  the  de- 
scription now  given,  I  have  spoken  of  the 
pole-star  as  if  it  were  actually  the  pole,  or 
the  most  northerly  point  of  the  heavens.  But 
it  may  be  proper  to  statefthat  though  it  is  the 
nearest  large  star  to  that  point,  it  is  not  actually 
in  the  pole  ;  it  is  somewhat  more  than  a  de- 
gree and  a  half  from  the  polar  point,  and 
revolves  around  that  point,  in  a  small  circle, 
every  twenty-four  hours.  This  motion  may 
be  perceived  by  directing  a  telescope  of  a 
moderate  magnifying  power  to  this  star,  and 
fixing  it  in  that  position,  when,  in  the  course 
of  an  hour  or  two,  it  will  be  found  to  have 
moved  beyond  the  field  of  view. 

All  the  observations  above  stated  (except- 
ing those  supposed  to  have  been  made  at  the 
equator,  and  in  southern  latitudes)  may  be 
accomplished  in  the  course  of  two  or  three 
evenings,  without  incurring  the  loss  of  a 
couple  of  hours ;  for  each  observation  may  be 
made  in  the  space  of  five  or  ten  minutes. 
Every  inhabitant  of  the  globe  has  an  oppor- 
tunity, if  he  choose,  of  observing  the  aspect 
of  the  heavens  in  the  manner  now  described, 
excepting,  perhaps,  those  who  live  in  dark 
and  narrow  lanes,  in  large  cities,  where  the 
sky  is  scarcely  visible ;  the  most  unnatural 
situations  in  which  human  beings  can  be 
placed,  and  which  ought  no  longer  to  remain 
as  the  abodes  of  men.  And  the  man  who 
will  not  give  himself  the  trouble  of  making 
such  observations  on  the  starry  heavens  de- 
serves to  remain  in  ignorance  of  the  most 
sublime  operations  of  the  Creator. 

Let  us  now  consider  what  is  the  conclusion 
we  ought  to  deduce  from  our  observations 
respecting  the  apparent  motion  of  the  heavenSa 
All  the  phenomena  which  we  have  described, 
-when  duly  considered  and  compared  together, 
conspire  to  show  that  the  whole  celestial  vault 
performs  an  apparent  resolution  round  the 
earth,  carrying,  as  it  were,  all  the  stars  along 
with  it,  in  the  space  of  twenty-four  hours. 
This  may  be  plainly  demonstrated  by  rneara 
of  a  celestial  globe,  on  which  all  the  visible 
stars  are  depicted.  When  the  north  pole  is 
elevated  fifty-two  degrees  above  the  northern 
horizon,  and  the  globe  turned  round  on  its 
axis,  all  the  variety  of  phenomena  formerly 
described  may  be  clearly  perceived. 

Here,  then,  we  have  presented  to  view  a 
scene  the  most  magnificent  and  sublime.  All 
the  bright  luminaries  of  the  firmanent  revolving 
in  silent  grandeur  around  our  world  ;  not  only 
the  stars  visible  to  the  unassisted  eye,  but  ail 
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the  ten  thousands  and  millions  of  stays  which 
Ihe  telescope  has  enabled  us  to  descry  in  eYerj 
region  of  the  heavens,  for  they  all  seem  to 
partake  of  the  same  general  motion.  If  we 
could  suppose  this  motion  to  be  real,  it  would 
convey  to  the  mind  the  most  magnificent  and 
impressive  idea  which  could  possibly  be  formed 
of  the  incomprehensible  energies  of  Omnipo- 
tence. For  here  we  have  presented  to  view, 
not  only  ten  thousand  times  ten  thousands  of 
immense  globes,  fpr  superior  to  the  whole 
earth  in  magnitude,  but  the  greater  part  of 
them  carried  round  in  their  revolutions  with 
a  velocity  that  baffles  the  power  of  the  most 
capacious  mind  to  conceive.  In  this  case, 
there  would  be  millions  of  those  vast  lumina- 
ries, which  behooved  to  move  at  the  rate  of 
several  thousands  of  miUions  of  miles  in  the 
space  of  a  second  of  time.  For  in  proportion 
to  the  distances  of  any  of  these  bodies  would 
be  the  rapidity  of  their  motions.  The  nearest 
star  would  move  more  than  fourteen  hundred 
millions  of  miles  during  the  time  in  which  the 
pendulum  of  a  clock  moves  from  one  side  to 
another ;  but  there  are  thousands  of  stars 
visible  through  our  telescopes  at  least  a  hun- 
dred times  more  distant,  and  whose  distance 
cannot  be  less  than  2,000,000,000,000,000,  or 
two  thousand  billions  of  miles.  This  forms 
the  radius,  or  half  diameter  of  a  circle  whose  cir- 
cumference is  about  12,500,000,000,000,000, 
or  twelve  thousand  five  hundred  billions  of 
miles.  Around  this  circumference,  therefore, 
the  star  behooved  to  move  every  day.  In  a 
sidereal  day  of  twenty-three  hours,  fifty-six 
minutes,  and  four  seconds,  there  are  86,164 
seconds.  Divide  the  number  of  miles  in  the 
circumference  by  the  number  of  seconds  in  a 
day,  and  the  quotient  will  be  somewhat  more 
than  145,000,000,000,  or  one  hundred  and 
forty-five  thousand  millions,  which  is  the 
number  of  miles  that  such  a  star  would  move 
in  the  space  of  a  second,  or  during  the  pulsa- 
tion of  an  artery,  were  the  celestial  vault  to 
be  considered  as  really  in  motion  ;  a  rate  of 
motion  more  than  a  hundred  thousand  mil- 
lions of  times  greater  than  that  of  a  cannon 
hall,  and  seven  hundred  thousand  times  more 
rapid  than  the  motion  of  light  itself,  which  is 
considered  the  swiftest  motion  in  nature. 

The  idea  of  such  astonishing  velocities 
completely  overpowers  the  human  imagina- 
tion, and  is  absolutely  inconceivable.  We 
perceive  no  objects  or  motions  connected  with 
our  globe  that  can  assist  our  imagination  in 
forming  any  definite  conceptions  on  this  sub- 
ject. The  swiftest  impulse  that  was  ever 
given  to  a  cannon  ball,  or  any  other  projectile, 
sinks  into  nothing  in  the  comparison,  Were 
we  transported  to  the  planet  Saturn,  and 
placed  on  its  equatorial  regions,  we  should 
Iwhold   a   stupendous   arch,  thirty  thousand 


miles  in  breadth,  and  more  than  six  hundred 
thousand  miles  in  circumference,  revolving 
around  us  every  ten  hours,  at  the  rate  of  a 
thousand  miles  in  a  minute,  and  sixty  thousand 
miles  every  hour.  But  even  this  astonishingly 
rapid  motion  would  afford  us  little  assistance 
in  forming  our  conceptions,  as  it  beais  no  com- 
parison with  the  motions  to  w^hich  we  ha-?e 
now  adverted.  It  becomes  those  persoih^ 
therefore,  who  refuse  to  admit  the  motion  of 
the  earth,  to  consider,  and  to  ponder  with 
attention,  the  only  other  alternative  which 
must  be  admitted,  namely,  that  all  the  bodies 
of  the  firmament  move  round  the  earth  every 
day  with  such  amazing  velocities  as  have  now 
been  stated.  If  it  appear  wonderful  that  this 
globe  of  the  land  and  water,  with  all  its  mighty 
cities  and  vast  population,  moves  round  its 
axis  every  day  at  the  rate  of  a  thousand  miles 
an  hour,  how  much  more  wonderful,  and  pas- 
sing all  comprehension,  that  myriads  of  huge 
globes  should  move  round  the  earth  in  the 
same  time  with  such  inconceivable  rapidity. 
If  we  reject  the  motion  of  the  earth  because  it 
is  incomprehensible  and  contrary  to  all  our 
preconceived  notions,  we  must,  on  the  same 
ground,  likewise  reject  the  motion  of  the 
heavens,  which  is  far  more  diflicult  to  be  con- 
ceived, and  consequently  fall  into  downright 
skepticism,  and  reject  even  the  evidence  of  our 
senses  as  to  what  appears  in  the  economy  of 
nature.  Such  views  and  considerations,  how- 
ever, teach  us  that,  in  whatever  point  of  view 
we  contemplate  the  works  of  the  Almighty, 
particularly  the  scenery  of  the  heavens,  the 
mind  is  irresistibly  inspired  with  sentiments 
of  admiration  and  wonder.  To  the  vulgar 
eye  as  well  as  to  the  philosophic,  "  the  heavens 
declare  the  glory  of  God."  Their  harmony 
and  order  evince  his  wisdom  and  intelligence  ; 
and  the  numerous  bodies  they  contain,  and 
the  astonishing  motions  they  exhibit,  on 
whatever  hypothesis  they  are  contemplated, 
demonstrate  both  to  the  savage  and  the  sage 
the  existence  of  a  power  which  no  created 
being  can  control. 

"  View  the  amazing  canopy ! 

The  wide,  the  wonderful  expanse! 

Let  each  bold  infidel  agree 

That  God  is  there,  unknown  to  chance.** 

We  cannot,  however,  admit,  in  consistency 
w^ith  the  dictates  of  enlightened  reason,  that 
the  apparent  diurnal  movements  of  the  stars 
are  the  rea/ motions  with  which  these  bodies 
are  impelled.  For,  in  the  first  place,  such 
motions  are  altogether  unnecessary  to  produce 
the  effect  intended,  namely,  the  alternate  suc- 
cession of  day  and  night  with  respect  to  our 
globe  ;  and  we  know  that  the  Almighty  does 
nothing  in  vain,  but  employs  the  most  simple 
means  to  accomplish  the  most  astonishing  and 
impoi'tant  ends.     The  succession  of  day  and 

(359^ 


Hosted  by  Google 


18 


CELESTIAL  SCENERY. 


night  ean  be  accomplished  by  a  simple  rotation 
of  the  earth  from  west  to  east  every  twenty- 
four  hours,  which  will  completely  account  for 
the  apparent  motion  of  the  heavens,  in  the 
same  time,  from  east  to  west.  This  we  find 
to  be  the  case  with  Jupiter  and  Saturn,  which 
are  a  thousand  times  larger  than  the  earth,  as 
well  as  with  the  other  planets,  which  have  a 
rotation  round  their  axes,  some  in  ten  hours, 
some  in  twenty-three,  and  some  in  ten  hours 
and  a  half;  and,  consequently,  from  the  sur- 
faces of  these  bodies  the  heavens  will  appear 
to  revolve  around  them  in  another  direction 
from  what  they  do  to  us,  and,  in  certain  in- 
stances, with  a  much  greater  degree  of  velocity. 
We  must  therefore  conclude  that  our  motion 
every  day  towards  the  east  causes  the  heavens 
to  appear  as  if  they  moved  towards  the  west ; 
just  as  the  trees  and  houses  on  the  side  of  a 
narrow  river  appear  to  move  to  the  west  when 
we  are  sailing  down  its  current  in  a  steamboat 
towards  the  east. 

2.  Because  it  is  impossible  to  conceive  that 
so  many  bodies  of  different  magnitudes^  and 
at  different  distances  from  the  earth,  could  all 
have  the  same  period  of  diuimal  revolution. 
The  sun  is  four  hundred  times  further  from  us 
than  the  moon,  and  is  sixty  millions  of  times 
larger.  Saturn  and  Herschel  are  still  further 
from  the  earth  ;  the  comets  are  of  different 
sizes,  and  traverse  the  heavens  in  all  directions 
and  at  different  distances ;  the  fixed  stars  are 
evidently  placed  at  different  distances  from  the 
earth  and  from  each  other ;  yet  all  these  bodies 
have  exactly  the  same  period  of  revolution, 
even  to  a  single  moment,  if  the  heavens  re- 
volve around  the  earth,  and  that,  too,  notwith- 
standing the  other  motions,  in  various  direc- 
tions, which  many  of  them  perform.  It  is, 
therefore,  much  more  natural  and  reasonable 
to  suppose  that  the  earth  revolves  around  its 
axis,  since  this  circumstance  solves  all  the 
phenomena  and  removes  every  difficulty. 

3.  Because  such  a  rate  of  motion  in  the 
heavenly  bodies,  if  it  could  be  supposed  to  ex- 
ist, would  soon  shatter  them  to  atoms.  Were 
a  ball  of  wood  to  be  projected  from  a  canon  at 
the  rate  of  a  thousand  miles  an  hour,  in  a 
few  moments  it  would  be  reduced  to  splinters ; 
and  hence  the  forage  and  other  soft  substances 
projected  from  a  musket  or  a  piece  of  ordnance 
are  instantly  torn  to  pieces.  What,  then, 
might  be  supposed  to  be  the  consequence,  were 
a  body  impelled  through  the  regions  of  space 
with  a  velocity  of  a  hundred  and  forty  thou- 
sand millions  of  miles  in  a  moment  of  time  1 
It  would  most  assuredly  reduce  to  atoms  the 
most  compact  bodies  in  the  universe,  although 
they  were  composed  of  substances  harder  than 
adamant.  But  as  the  fixed  stars  appear  to  be 
bodies  of  a  nature  somewhat  similar  to  the 
«un,  and  as  the  sun  is  much   less  dense  than 
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the  earth,  and  only  a  little  denser  than  water, 
it  is  evident  that  they  could  not  withstand 
such  a  rapidity  of  motion,  which  would  in- 
stantly shatter  their  constitution,  and  dissipate 
every  portion  of  their  substance  through  the 
voids  of  space. 

4.  Because  there  is  no  known  instance  in  the 
universe  (if  that  to  which  we  are  now  advert- 
ing be  excepted)  of  a  larger  body  revolving 
around  a  smaller.  The  planet  Jupiter  does 
not  revolve  around  his  satellites,  which  are  a 
thousand  times  less  than  that  pondero  as  globe, 
but  they  all  revolve  around  him ;  nor  does  the 
earth,  v/hich  is  fifty  limes  larger  than  the 
moon,  revolve  around  that  nocturnal  luminary, 
but  she  regularly  revolves  about  the  earth,  as 
the  more  immediate  centre  of  her  motion. 
The  sun  does  not  perform  his  revolution 
around  Venus  or  Mercury,  but  these  planets, 
which  are  small,  compared  with  that  mighty 
orb,  continually  revolve  about  him  as  the 
centre  of  their  motions.  Neither  on  earth  nor 
in  the  heavens  is  there  an  instance  to  be  found 
contrary  to  this  law,  which  appears  to  pervade 
the  whole  system  of  universal  nature  ;  but  if 
the  diurnal  revolution  of  the  stars  is  to  be  con- 
sidered as  their  proper  motion,  then  the  whole 
universe,  with  all  the  myriads  of  huge  globes 
it  contains,  is  to  be  considered  as  daily  revolv- 
ing around  an  inconsiderable  ball,  which, 
when  compared  with  these  luminaries,  is  only 
as  an  atom  to  the  sun,  or  as  the  smallest  parti- 
cle of  vapour  to  the  vast  ocean. 

5.  The  apparent  motion  of  the  heavens 
cannot  be  admitted  as  real,  because  it  would 
confound  all  our  ideas  of  the  intelligence  of 
the  Deity.  While  it  tended  to  exalt  our  con- 
ceptions of  his  omnipotence  to  the  highest 
pitch,  it  would  convey  to  us  a  most  unworthy 
and  distorted  idea  of  his  wisdom.  Wisdom 
is  that  perfection  of  an  intelligent  agent  which 
enables  him  to  proportionate  one  thing  to  an- 
other, and  to  devise  the  most  proper  means 
in  order  to  accomplish  important  ends.  We 
infer  that  an  artist  is  a  wise  man  from  the  na- 
ture of  his  workmanship,  and  the  methods  he 
employs  to  accomplish  his  purposes.  We 
should  reckon  that  person  foolish  in  the  ex- 
treme who  should  construct,  at  a  great  expense, 
a  huge  and  clumsy  piece  of  machinery  for 
carrying  round  a  grate,  and  the  wall  of  a 
house  to  which  it  is  attached,  for  the  purpose 
of  roasting  a  small  fowl  placed  in  tlie  centre 
of  its  motion,  instead  of  making  the  fowl 
turn  round  its  different  sides  to  the  fire.  We 
should  consider  it  as  the  most  preposterous 
project  that  was  ever  devised  were  a  commu- 
nity to  attempt,  by  machinery,  to  make  a 
town  and  its  harbour  move  forward  to  meet 
every  boat  and  small  vessel  that  entered  the 
liver  on  which  it  was  situated,  instead  of  al- 
lowing such  vehicles  to  move  onward  as  they 
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do  at  present.  But  none  of  these  schemes 
would  be  half  so  preposterous  as  to  suppose 
that  the  vast  universe  moves  daily  round  an 
inconsiderable  ball,  when  no  end  is  accom- 
plished by  such  a  revolution  but  what  may  be 
effected  in  the  most  simple  manner.  Such  a 
device,  therefore,  cannot  be  any  part  of  the 
arrangements  of  Infinite  Wisdom.  It  would 
tend  to  lessen  our  ideas  of  the  intelligence  of 
that  adorable  Being  who  is  "  wonderful  in 
counsel  and  excellent  in  working,"  who  "  esta- 
blished the  world  by  his  wisdom,  and  stretched 
out  the  heavens  by  his  understanding,"  and 
whose  wisdom  as  far  excels  that  of  man  as  the 
*'  heaven  in  its  height  surpasses  the  earth." 
This  argument  alone  I  consider  as  demon- 
strative of  the  position  we  are  now  attempting 
to  support. 

The  above  are  a  few  arguments  which, 
when  properly  weighed,  ought  to  carry  con- 
viction to  the  mind  of  every  rational  inquirer, 
that  the  general  motion  which  appears  in  the 
starry  heavens  is  not  real,  but  is  caused  by  the 
rotation  of  the  earth  round  its  axis  every  day, 
by  which  we  and  all  the  inhabitants  of  the 
globe  are  carried  round  in  a  regular  and  uni- 
form motion  from  west  to  east.  When  this 
conclusion  is  admitted,  it  removes  every  diffi- 
culty and  every  disproportion  which  at  first 
appeared  in  the  motions  and  arrangements 
of  the  celestial  orbs,  and  reduces  the  system 
of  the  universe  to  a  scene  of  beauty,  harmony, 
and  order  worthy  of  the  infinite  wisdom  of 
Him  who  formed  the  plan  of  the  mighty 
fabric,  and  who  settled  "the  ordinances  of 
heaven."  Instead,  then,  of  remaining  in  a 
state  of  absolute  rest,  as  we  are  at  first  apt  to 
imagine,  we  are  transported  every  moment 
towards  the  east  with  a  motion  ten  times  more 
rapid  than  has  ever  been  effected  by  steam- 
carriages  or  air-balloons.  It  is  true,  we  do 
not  feel  this  motion,  because  it  is  smooth  and 
uniform,  and  is  never  interrupted.  The  earth 
is  carried  forward  in  its  course,  not  like  a  ship 
in  the  midst  of  a  tempestuous  ocean,  but 
through  a  smooth  ethereal  sea,  where  all  is 
calm  and  serene,  and  where  no  commotions  to 
disturb  its  motion  ever  arise.  Carried  along 
with  a  velocity  which  is  common  to  every 
thing  around  us,  we  are  in  a  state  somewhat 
similar  to  that  of  a  person  in  a  ship  which  is 
sailing  with  rapidity  in  a  smooth  current ;  he 
feels  no  motion  except  when  a  large  wave  or 
other  body  happens  to  dash  against  the  vessel ; 
he  fancies  himself  at  rest,  while  the  shore,  the 
buildings,  and  the  hills  appear  to  him  to  move; 
but  the  smallness  of  the  vessel,  compared 
with  the  largeness  of  the  objects  which  seem 
to  move,  convinces  him  that  the  motion  is 
connected  with  the  ship  in  which  he  sails: 
and  on  similar  principles  we  infer  that  the 
•pparent  motion  of  the  heavens  is  caused  by 
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the  real  motion  of  the  earth,  which  carries  U9 
along  with  it  as  a  ship  carries  its  passengem 
along  the  sea.  With  regard  tc  motion,  it 
may  be  observed  that,  strictly  speaking,  we  do 
not  perceive  any  motion  either  in  the  earth  oi 
in  the  heavens.  When  we  look  at  a  star  with 
the  utmost  steadiness,  we  perceive  no  motion, 
although  we  keep  our  eye  fixed  upon  it  for  a 
few  minutes ;  but,  if  we  mark  the  position 
of  the  star  with  regard  to  a  tree  or  a  chimney 
top,  and,  after  an  hour  or  two,  view  the  star 
from  the  same  station,  we  shall  find  that  it 
then  appears  in  a  different  direction.  Hence 
we  infer  that  motion  has  taken  place  ;  but 
whether  the  motion  be  in  the  star  or  in  the 
persons  who  have  been  observing  it,  remains 
still  to  be  determined.  We  perceive  no  motion 
in  the  star  any  more  than  we  feel  the  motion 
of  the  earth.  All  that  we  perceive  is,  that 
the  two  objects  have  changed  their  relative 
positions;  and,  therefore,  the  body  that  is 
really  in  motion  must  be  determined  by  such 
considerations  as  we  have  stated  above. 

Besides  the  apparent  diurnal  revolution  of 
the  heavens,  there  is  another  apparent  motion 
which  requires  to  be  considered.  It  is  well 
known  to  every  one  who  has  paid  the  least 
attention  to  this  subject,  that  we  do  not  per- 
ceive the  same  clusters  of  stars  at  every  sea- 
son of  the  year.  If,  for  example,  we  take  a 
view  of  the  starry  heavens  on  the  first  of  Oc- 
tober, at  ten  o'clock  in  the  evening,  and 
again,  at  the  same  hour,  on  the  first  of  April, 
we  shall  find  that  the  clusters  of  stars  in  the 
southern  parts  of  the  heavens  are,  at  the  lat* 
ter  period,  altogether  different  from  those 
which  appeared  in  the  former;  and  those 
which  are  in  the  neighbourhood  of  the  pole 
will  appear  in  a  different  position  in  April 
from  what  they  did  at  the  same  hour  in  the 
month  of  October.  The  square  of  the  Great 
Bear,  for  example,  will  appear  immediately 
below  the  pole-star  in  October;  whereas  in 
April  it  will  appear  as  far  above  it,  and  near 
to  the  zenith.  In  the  former  case,  the  two 
stars  called  the  Pointers  will  Tpoint  itpward 
to  the  pole,  in  the  latter  case  they  will  point 
downward.  In  October  this  constellation  will 
appear  nearly  in  the  position  represented  in 
fig.  1  (p.  14)  ;  in  April  it  will  appear  nearly 
as  represented  in  fig.  3  (p.  15).  These  varia- 
tions in  the  appearance  of  the  stars  lead  us 
to  conclude  that  there  is  an  apparent  annual 
motion  in  these  luminaries.  This  motion  may 
be  observed,  if  we  take  notice,  for  a  few  days  or 
weeks,  of  those  stars  which  are  situated  near 
the  path  of  the  sun.  When  we  see  a  bright 
star  near  the  western  horizon,  a  little  elevated 
above  the  place  where  the  sun  went  down,  if 
we  continue  our  observation  we  shall  find  that 
every  day  it  appears  less  elevated  at  the  same 
hour,  and  seems  to  be  gradually  approaching 
2  H  (361) 
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to  the  point  of  the  heavens  in  which  the  sun 
is  situated,  till,  in  the  course  of  a  week  or 
two,  it  ceases  to  be  visible,  being  overpowered 
by  the  superior  brightness  of  the  sun.  In 
the  course  of  a  month  or  two  the  same  star 
which  disappeared  in  the  west  will  be  seen 
rising  some  time  before  the  sun  in  the  east, 
having  passed  from  the  eastern  side  of  the 
sun  to  a  distance  considerably  westward  of 
him.  The  stars  in  the  western  quarter  of  the 
heavens  which  appeared  more  elevated  will 
be  found  gradually  to  approximate  to  the  sun, 
till  they  likewise  disappear ;  and  in  this  man- 
ner all  the  stars  of  heaven  seem  to  have  a 
revolution,  distinct  from  their  diurnal,  from 
east  to  west,  which  is  accomplished  in  the 
course  of  a  year. 

The  different  positions  of  the  Pleiades,  or 
seven  stars,  at  different  seasons  of  the  year, 
will  aiford  every  observer  an  opportunity  of 
perceiving  this  motion.  About  the  middle  of 
September  these  stars  will  be  seen,  about 
eight  o'clock  in  the  evening,  a  little  to  the 
south  of  the  north-east  point  of  the  horizon  ; 
about  the  middle  of  January,  at  the  same 
hour,  they  will  be  seen  on  the  meridian,  or 
due  south ;  on  the  first  of  March  they  will  be 
seen  half  way  between  the  zenith  and  the 
western  horizon ;  about  the  middle  of  April 
they  will  appear  very  near  the  horizon  ;  soon 
after  which  they  will  be  overpowered  by  the 
solar  rays,  and  will  remain  invisible  for  nearly 
two  months,  after  which  they  will  reappear  in 
the  east,  early  in  the  morning,  before  the  ris- 
ing sun. 

This  annual  motion  of  the  stars  evidently 
indicates  that  the  sun  has  an  apparent  mo- 
tion every  day  from  west  to  east,  contrary  to 
his  apparent  diurnal  motion,  which  is  from 
east  to  west.  This  apparent  motion  is  at  the 
rate  of  nearly  a  degree  every  day,  a  space 
nearly  equal  to  twice  the  sun's  apparent 
diameter.  In  this  way  the  sun  appears  to  de- 
scribe a  circle  around  the  whole  heavens,  from 
west  to  east,  in  the  course  of  a  year.  This 
apparent  motion  of  the  sun  is  caused  by  the 
annual  revolution  of  the  earth  around  the 
sun  as  the  centre  of  its  motion,  which  com- 
pletely accounts  for  all  the  apparent  move- 
ments in  the  sun  and  stars  to  which  we  have 
now  adverted.  If  we  place  a  candle  upon  a 
table  in  the  midst  of  a  room,  and  walk  round 
it  in  a  circle,  and,  as  we  proceed,  mark  the 
different  parts  of  the  opposite  walls  with 
which  the  candle  appears  coincident,  when 
we  have  completed  our  circle  the  candle  will 
appear  to  have  made  a  revolution  round  the 
room.  If  the  walls  be  conceived  to  represent 
the  starry  heavens,  and  the  candle  the  sun,  it 
will  convey  a  rude  idea  of  the  apparent  mo- 
tion of  the  sun,  and  the  different  clusters  of 
stars  v/hich  appear  at  different  seasons  of  the 
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year  in  consequence  of  the  annual  motion  oi 
the  earth.  But  this  subject  will  be  more  par- 
ticularly explained  in  the  sequel. 

From  what  we  have  now  stated  in  relation 
to  the  apparent  motions  of  the  heavens,  we 
are  necessarily  led  to  conceive  of  the  earth  as 
a  body,  placed,  as  it  were,  in  the  midst  of  in- 
finite space,  and  surrounded  in  every  direc- 
tion, above,  below,  on  the  right  hand  and 
on  the  left,  with  the  luminaries  of  heaven,  , 
which  display  their  radiance  from  every  quar- 
ter at  immeasurable  distances;  and  that  its 
annual  and  diurnal  motions  account  for  all 
the  movements  which  appear  in  the  celestial 
sphere.  Hence  it  is  a  necessary  conclusion, 
that  we  are  surrounded  at  all  times  with  a 
host  of  stars,  in  the  daytime  as  well  as  in 
the  night,  although  they  are  then  imper- 
ceptible. The  reason  why  they  are  invisible 
during  the  day  is  obviously  that  their  fainter 
light  is  overpowered  by  the  more  vivid  splen- 
dour of  the  sun  and  the  reflective  power  of 
the  atmosphere.  But  although  they  are  then 
imperceptible  to  the  unassisted  eye,  they  can 
be  distinctly  perceived,  not  only  in  the  morn- 
ings and  evenings,  but  even  at  noonday,  while 
the  sun  is  shining  bright,  by  means  of  tele- 
scopes adapted  to  an  equatorial  motion ;  and 
in  this  way  almost  every  star  visible  to  the 
naked  eye  at  night  can  be  pointed  out,  even 
amid  the  effulgence  of  day,  when  it  is  within 
the  boundary  of  our  hemisphere.  When  the 
stars  which  appear  in  our  sky  at  night  have, 
in  consequence  of  the  rotation  of  the  earth, 
passed  from  our  view,  in  about  twelve  hours 
afterward  they  will  make  their  appearance 
nearly  in  the  same  manner  to  those  who  live 
on  the  opposite  side  of  the  globe ;  and  when 
they  have  cheered  the  inhabitants  of  those 
places  with  their  radiance,  they  will  again  re- 
turn to  adorn  our  nocturnal  sky. 

On  the  whole,  the  starry  heavens  present, 
even  to  the  vulgar  eye,  a  scene  of  grandeur 
and  magnificence.  We  know  not  the  par- 
ticular destination  of  each  of  those  luminous 
globes  which  emit  their  radiance  to  us  from 
afar,  or  the  specific  ends  it  is  intended  to  sub- 
serve in  the  station  which  it  occupiesj  though 
we  cannot  doubt  that  all  of  them  answer  pur- 
poses in  the  Creator's  plan  worthy  of  his  per- 
fections and  of  their  magnitude  and  grandeur ; 
but  we  are  certain  that  they  have,  at  least,  a 
remote  relation  to  man,  as  well  as  to  other 
beings  far  removed  from  us,  in  the  decorations 
they  throw  around  his  earthly  mansion.  They 
serve  as  a  glorious  ceiling  to  his  habitation. 
Like  so  many  thousand  sparkling  lustres,  they 
are  hung  up  in  the  magnificent  canopy  which 
covers  his  abode.  He  perceives  them  shining 
and  glittering  on  every  hand,  and  the  dark 
azure  which  surrounds  them  contributes  tc 
augment   their   splendour.      The  variety  oi 
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h.istre  which  appears  in  every  star,  from  those 
of  the  sixth  magnitude  to  those  of  the  first, 
and  the  multifarious  figures  of  the  different 
constellations,  present  a  scene  as  diversified  as 
it  is  brilliant.  What  are  all  the  decorations 
of  a  Vauxhall  Garden,  with  its  thousands  of 
variegated  lam])s,  compared  with  ten  thou- 
sands of  suns,  diffusing  their  beams  over  our 
habitation  from  regions  of  space  immeasurably- 
distant  1  A  mere  gewgaw  in  comparison ; 
and  yet  there  are  thousands  who  eagerly  flock 
to  such  gaudy  shows  who  have  never  spent 
an  hour  in  contemplating  the  glories  of  the 
firmament,  which  may  be  beheld  "  without 
money  and  without  price."  That  man  who 
has  never  looked  up  with  serious  attention  to 
the  motions  and  arrangements  of  the  heavenly 
orbs  must  be  inspired  with  but  a  slender  de- 
gree of  reverence  for  the  Almighty  Creator, 
and  devoid  of  taste  ^or  enjoying  the  beautiful 
and  the  sublime. 

The  stars  not  only  adorn  the  roof  of  our 
sublunary  mansion,  but  they  are  also  in  many 
respects  useful  to  man.  Their  influences 
are  placid  and  gentle.  Their  rays,  being  dis- 
persed through  spaces  so  vast  and  immense, 
are  entirely  destitute  of  heat  by  the  time  they 
arrive  at  our  abode;  so  that  we  enjoy  the  view 
of  a  more  numerous  assemblage  of  luminous 
globes  without  any  danger  of  their  destroying 
the  coolness  of  the  night  or  the  quiet  of  our 
repose.  They  serve  to  guide  the  traveller 
both  by  sea  and  land ;  they  direct  the  naviga- 
tor in  tracing  his  course  from  one  continent 
to  another  through  the  pathless  ocean.  They 
serve  "  for  signs  and  for  seasons,  and  for  days 
and  years."  They  direct  the  labours  of  the 
husbandman,  and  determine  the  return  and 
conclusion  of  the  season.  They  serve  as  a 
magnificent  "  timepiece"  to  determine  the  tvue 
length  of  the  day  and  of  the  year,  and  to 
mark  with  accuracy  all  their  subordinate  divi- 
sions. They  assist  us  in  our  commerce,  and 
in  endeavouring  to  propagate  religion  among 
the  nations,  by  showing  us  our  path  to  every 
region  of  the  earth.  They  have  enabled  us 
to  measure  the  circumference  of  the  globe, 
to  ascertain  the  density  of  the  materials  of 
which  it  is  composed,  and  to  determine  the 
exact  position  of  all  places  upon  its  surface. 
They  cheer  the  long  nights  of  several  months 
in  the  polar  regions,  which  would  otherwise 
be  overspread  with  impenetrable  darkness. 
Above  all,  they  open  a  prospect  into  the  re- 
gions of  other  worlds,  and  tend  to  amplify 
our  views  of  that  Almighty  Being  who  brought 
them  into  existence  by  his  power,  and  "  whose 
kingdom  ruleth  over  all."  In  these  arrange- 
ments of  the  stars  in  reference  to  our  globe, 
the  Divme  wisdom  and  goodness  may  be 
clearly  perceived.  We  enjoy  all  the  advan- 
tages to  which  we  have  alluded  as  much  as  if 


the  stars  had  been  created  solely  for  the  use 
of  our  world,  while,  at  the  same  time,  they 
serve  to  diversify  the  nocturnal  sky  of  othei 
planets,  and  to  diffuse  their  light  and  influence 
over  ten  thousands  of  other  worlds  with 
which  they  are  more  immediately  connected ; 
so  that,  in  this  respect,  as  well  as  in  every 
other,  the  Almighty  produces  the  most  sub- 
lime and  diversified  effects  by  means  the  most 
simple  and  economical,  and  renders  every 
part  of  the  universe  subservient  to  another, 
and  to  the  good  of  the  whole. 

Before  proceeding  further,  it  may  be  expedient 
to  explain  the  measures  by  which  astrono- 
mers estimate  the  apparent  distances  between 
any  two  points  of  the  heavens.  Every  circle 
is  supposed  to  be  divided  into  360  equal  parts. 
A  circle  which  surrounds  the  concavity  of  the 
heavens,  as  that  which  surrounds  an  artificial 
globe,  is  divided  into  the  same  number  of 
parts.  The  number  360  is  entirely  arbitrary, 
and  any  other  number,  had  mathematicians 
chosen,  might  have  been  fixed  upon:  and 
hence  the  French,  in  their  measures  of  the 
circle,  divide  it  into  400  equal  parts  or  de- 
grees ;  each  degree  into  100  minutes,  and 
each  minute  into  100  seconds.  The  reason 
why  the  number  360  appears  to  have  been 
selected  is,  that  this  number  may  be  divided 
into  halves,  quarters,  and  eighths,  without  a 
fraction  ;  and,  perhaps,  because  the  year  was, 
in  former  times,  supposed  to  contain  about 
360  days.  Each  degree  is  divided  into  sixty 
minutes,  each  minute  into  sixty  seconds,  each 
second  into  sixty  thirds,  &c.  Degrees  are 
marked  thus,  °  ;  minute, ' ;  seconds,  ^^ ;  thirds, 
'''.  Thus  the  obliquity  of  the  ecliptic  for 
January  1st,  1836,  was  twenty-three  degrees, 
twenty-seven  minutes,  forty-two  seconds, 
which  are  thus  expressed,  23°  27'  42''. 

It  may  not  be  improper  to  remark,  that 
when  we  state  the  number  of  degrees  between 
two  objects,  either  on  the  earth  or  in  the 
heavens,  it  is  not  intented  to  express  the  rea/ 
distance,  but  only  the  relative  or  apparent 
distance  of  the  objects.  Thus,  when  we  say 
that  two  places  on  the  earth,  which  lie  direct- 
ly north  and  south  of  each  other,  are  twenty 
degrees  distant,  it  does  not  convey  an  idea  of 
the  actual  distance  of  these  places  from  each 
other,  but  only  what  proportion  of  the  earth's 
circumference  intervenes  between  them.  If, 
however,  we  know  the  number  of  yards  or 
miles  contained  in  that  circumference,  or  in  a 
single  degree  of  it,  we  can  then  find  the  actual 
distance,  by  multiplying  the  number  of  de- 
grees by  the  number  of  miles  in  a  degree. 
But  this  supposes  that  the  extent  of  a  degree 
on  the  earth's  surface  has  been  measured,  and 
the  number  of  yards  or  miles  it  contains  ascer- 
tained. In  like  manner,  when  we  say  that 
two  stars  in  the  he^-vens  are  fifteen   degrees 
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from  each  other,  this  merely  expresses  their 
relative  position,  or  what  portion  of  a  great 
circle  of  the  celestial  sphere  intervenes  between 
them,  but  determines  nothing  as  to  their  real 
distance,  which  is  far  surpassing  our  compre- 
hension. The  real  magnitude  of  objects  or 
spaces  in  the  heavens  depends  upon  their  dis- 
tance. Thus,  the  apparent  breadth  or  diame- 
ter of  the  moon  is  about  half  a  degree,  or 
nearly  thirty  two  minutes,  and  that  of  the  sun 
nearly  the  same ;  but  as  the  moon  is  much 
nearer  to  us  than  the  sun,  a  minute  of  a 
degree  on  her  surface  is  equal  only  to  about 
seventy  miles,  while  a  minute  on  the  sun's 
surface  is  equal  to  more  than  28,000  miles, 
which  is  four  hundred  times  greater.  The 
greatest  apparent  diameter  of  Saturn  is  twenty 
seconds,  or  one  third  of  a  minute  the  greatest 
diameter  of  Venus  is  fifty-eight  seconds,  or 
nearly  a  minute  ;  but  as  Saturn  is  much  fur- 
ther from  us  than  Venus,  his  real  diameter  is 
79,000  miles,  while  that  of  Venus  is  only 
7,700.  Before  the  real  diameter  of  any  ob- 
ject m  the  heavens  can  be  determined,  its  dis- 
tance must  be  first  ascertained. 

Those  who  have  never  been  in  the  practice 
of  applying  angular  instruments  to  the  heavens 
may  aquire  a  tolerably  correct  idea  of  the  ex- 
tent of  space  which  is  expressed  by  any  num- 
ber of  degrees  by  considering  that  the  apparent 
diameters  of  the  sun  and  moon  are  about  half 
a  degree  ;  that  the  distance  between  the  two 
pointers  in  the  Great  Bear  is  about  five  de- 
grees ;  that  the  distance  between  the  pole-star 
and  the  nearest  pointer  is  twenty -nine  degrees  ; 
that  the  distance  between  the  Pleiades  and 
the  ruddy  star  Aldebaran^  which  lies  to  the 


eastward  of  these  stars,  is  fourteen  degrees; 
that  the  distance  between  Castor  and  Pollux 
is  five  degrees ;  and  the  distance  between  BeU 
latrix  and  Betelguese,  the  stars  in  the  right 
and  left  shoulder  of  Orion,  is  eight  degrees. 
Perhaps  the  most  definite  measure  for  a  com- 
mon observer  is  that  which  is  to  be  found  in 
the  three  stars  in  a  straight  line  which  form 
the  belt  of  Orion,  which  are  known  to  every 
one,  and  which  are  distinguished  in  England 
by  the  name  of  the  Three  Kings,  or  the  Ell 
and  Yard,  and  in  Scotland  by  "  The  Lady's 
Elwandr  The  Hue  which  unites  these  three 
stars  measures  exactly  three  degrees,  and,  con- 
sequently, there  is  just  one  and  a  half  degree 
between  the  central  star  and  the  one  on  each 
side  of  it.  By  applying  this  rule  or  yard  to 
any  of  the  spaces  of  the  firmament,  the  num- 
ber of  degrees  which  intervenes  between  any 
two  objects  may  be  nearly  ascertained.  Orion 
is  the  most  striking  and  splendid  of  all  the 
constellations ;  and  as  the  equator  runs  through 
the  middle  of  it,  it  is  visible  from  all  the  habit- 
able parts  of  the  globe.  About  the  middle 
of  January  it  is  nearly  due  south  at  nine 
o'clock  in  the  evening. 

I  have  been  somewhat  particular  In  the 
above  sketches  of  the  apparent  motions  and 
phenomena  of  the  heavens,  because  such  de- 
scriptions are  seldom  or  never  given  in  element- 
ary treatises  ;  because  I  wish  every  lover  of 
the  science  of  astronomy  to  contemplate  with 
his  own  eyes  the  scenery  of  the  sky;  and  be- 
cause such  views  and  observations  of  the 
general  aspect  of  the  heavens  are  necessary 
in  order  to  understand  the  true  system  of  th» 


CHAPTER  II. 

On  the  general  arrangement  of  the  Planetary  System, 


WHE?r  we  take  an  attentive  view  of  the 
nocturnal  heavens  at  different  periods,  we 
find  that  the  stars  never  shift  their  positions 
with  respect  to  each  other.  The  stars,  for 
instance,  that  form  the  consteUation  of  Orion, 
preserve  the  same  relative  positions  to  each 
other  every  succeeding  day,  and  month,  and 
year.  They  exhibit  the  same  general  figure 
which  they  presented  in  the  days  of  our 
fathers,  and  even  in  the  times  of  Amos  and 
of  Job.  We  never  see  the  three  stars  in  the 
belt,  which  Job  calls  "  the  bands  of  Orion," 
move  nearer  to,  or  farther  from,  each  other. 
We  never  see  the  pointers  in  the  Great  Bear 
directed  on  any  other  line  than  towards  the 
pole-star,  nor  do  we  see  Aldeharan  to  the 
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north  or  south,  or  to  the  west,  of  the  seven 
stars ;  and  the  same  may  be  said,  with  two  or 
three  exceptions,  in  regard  to  all  the  stars  in 
the  heavens,  which  preserve  invariably  the 
same  general  relations  to  each  other  from  one 
year  and  century  to  another.  Hence  they 
have  been  denominated  fixed  stars.  But  when 
an  attentive  observer  surveys  the  heavens  with 
minuteness,  he  will  occasionally  perceive  some 
bodies  that  shift  their  positions.  When  the 
movements  of  these  bodies  are  carefully 
marked,  they  will  be  found  to  direct  their 
course  sometimes  to  the  east,  at  other  times 
to  the  west,  and  at  certain  times  to  remain  ih 
a  fixed  position ;  but  on  the  whole,  their 
motion  is  generally  from  west  to  east.     Their 
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motioii  is  perceived  by  their  appearing  some- 
times on  one  side  of  a  star  and  sometimes  on 
another.  They  appear  to  partake  of  the  ge- 
neral diurnal  motion  of  the  heavens,  and  rise 
and  set  with  the  stars  to  which  they  are  adja- 
cent. These  bodies  have  received  the  name 
of  pla7iets,  that  is  wandering  stars  ;  and,  in- 
deed, were  their  real  niotions  such  as  they 
appear  to  a  common  observer,  the  name  would 
be  exceedingly  appropriate.  For  tlieir  appa- 
rent motions  are  in  many  instances  exceed- 
ingly irregular ;  and,  were  they  delineated  on 
paper,  or  attempted  to  be  exhibited  by  machi- 
nery, they  would  appear  an  almost  inextricable 
maze.  Ten  bodies  of  this  description  have 
been  discovered  in  the  heavens,  five  of  which 
are  invisible  to  the  naked  eye,  and  can  only 
be  perceived  by  means  of  telescopes.  They 
were,  of  course,  unknown  to  the  ancients. 
The  names  of  the  live  which  have  been  known 
in  all  ages  are,  Mercury,  Venus,  Mars,  Jupiter, 
and  Saturn.  The  names  of  the  other  five, 
which  have  been  discovered  w^i thin  the  last 
sixty  years,  are,  Vesta,  Juno,  Ceres,  Pallas, 
and  Uranus,  or  Herschel. 

It  was  long  before  the  true  magnitudes  and 
real  motions  of  these  globes  were  fully  ascer- 
tained. Most  of  the  ancient  astronomers  sup- 
posed that  the  earth  was  a  quiescent  body  in 
Uie  centre  of  the  universe,  and  that  the  planets 
revolved  around  it  in  so  many  different  heavens, 
which  wore  nearly  concentric,  and  raised  one 
above  another  in  a  certain  order.  The  first  or 
lowest  sphere  was  the  iV/ow?,,  then  Mercury, 
and,  next  in  order,  Venus,  the  -S'im,  Mars, 
Jupiter,  Saturn,  and  then  the  sphere  of  the 
fixed  stars.  They  found  it  no  easy  matter  to 
reconcile  the  daily  motion,  which  carries  the 
stars  from  east  to  west,  with  another  peculiar 
and  slow  motion,  which  carries  them  round 
the  poles  of  the  ecliptic,  and  from  west  to  east, 
in  the  period  of  25,000  years ;  and,  at  the  same 
time,  with  a  third  motion,  which  carries  them 
along  from  east  to  west  in  a  year,  around  the 
poles  of  the  ecliptic.  They  were  no  less  at  a 
loss  hovv  to  reconcile  the  annual  and  daily 
motions  of  the  sun,  which  are  directly  contrary 
to  each  other.  An  additional  difficulty  was 
found  in  the  particular  course  pursued  by  each 
individual  planet.  It  required  no  little  inge- 
nuity to  invent  celestial  machinery  to  account 
for  all  the  variety  of  motions  which  appeared 
among  the  heavenly  orbs.  After  the  first 
mobiles,  or  powers  of  motion,  they  placed 
some  very  large  heavens  of  solid  crystal, 
which,  by  rolling  one  over  another,  and  by  a 
mutual  and  violent  clashing,  communicated 
tx>  each  other  the  universal  motion  received 
from  the  priruunt  mobile,  or  first  mover; 
while,  by  a  contrary  motion,  they  resisted  this 
general  impre3sion,  and,  by  degrees,  carried 
away,  each  aft^r  its  own  manner,  the  planet 


for  the  service  of  which  it  was  designed. 
These  heavens  were  conceived  to  be  solid; 
otherwise  the  upper  ones  could  have  had  no 
influence  on  the  lower  to  make  them  perform 
their  daily  motion,  and  they  behooved  to  be 
of  the  Jinest  ci-ystal,  because  the  light  of  the 
stars  could  not  otherwise  penetrate  the  thick- 
ness, of  these  arches  applied  one  over  another, 
nor  reach  our  eyes.  Above  the  sphere  of  the 
fixed  stars  were  placed  the  first  and  second 
crystalline  heavens,  and  above  these  the  pri- 
murn  mobile,  which  carried  round  all  the 
subordinate  spheres.  They  imagined  that  the 
primum  mobile  was  circumscribed  by  the 
empyreal  heaven,  of  a  cubic  form,  which  they 
supposed  to  be  the  blessed  abode  of  departed 
souls.  Some  astronomers  were  contented  with 
seven  or  eight  different  spheres,  while  others 
imagined  no  less  than  seventy  of  them 
wrapped  up  one  within  another,  and  all  in 
separate  motions.  They  no  sooner  discovered 
some  new  motion  or  effect,  formerly  unknown, 
that  they  immediately  set  to  work  and  patched 
up  a  new  sphere,  giving  it  such  motions  and 
directions  as  were  deemed  requisite.  Cycles, 
epicycles,  deferents,  centric  and  eccentric 
circles,  solid  spheres,  and  other  celestial 
machinery,  were  all  employed  to  solve  the  in- 
tricate motions  of  the  heavens,  which  seemed 
to  bafile  all  the  efforts  of  human  ingenuity. 
After  their  system  was  supposed  to  be  com- 
pleted, new  anomalies  were  detected,  which 
required  new  pieces  of  machinery  to  be  applied 
to  solve  appearances.  But  after  all  the  in- 
genuity displayed  in  their  patchings  and  re- 
patchings,  the  celestial  spheres  could  never 
be  got  to  move  onward  in  harmony,  and 
in  accordance  with  the  phenomena  of  the 
heavens.* 

It  would  be  no  easy  task  to  describe  how 
their  epicycles  could  be  made  to  move  through 
the  thick  crusts  of  crystal  of  which  theii 
spheres  were  made.  They,  however,  found 
some  means  or  other  to  extricate  themselves 
from  every  difficulty,  as  they  always  bad 
recourse  to  geometrical  lines,  which  never 
found  any  obstacle  to  their  passage  on  paper. 
To  make  all  the  pieces  of  their  machinery 
move  with  as  miich  smoothness  and  as  little 
inconsistency  as  possible,  they  were  forced  t4:^ 
delineate  certain  furrows,  or  to  notch  on  the 
arches  certahi  grooves,  in  which  they  jointed 
and  made  the  tenons  and  mortises  of  their 
epicycles  to  slide.  All  this  celestial  joiner's 
work,  to  which  succeeding  astronomers  added 
several  pieces  to  produce  balancings  or  per- 
petual goings  backward  and  forward,  had  no 
other  tendency  (ban  to  conceal  the  sublime 
and  beautiful  simplicity  of  nature,  and  to  pre- 
vent mankind,  for  many  ages,  from  recognizing 
the  true  system  of  the  world.     With  all  theii 

♦  See  La  Pluche*8  ^^  Spectacle  de  la  J\/nture.'* 
2  H  2  <365> 
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cumbrous  and  complicated  machinery,  they 
never  could  account  for  the  motions  and  other 
phenomena  of  Mercur}''  and  Venus,  and  the 
different  apparent  magnitudes  which  the 
planets  present  in  different  parts  of  their 
orbits.  Without  admitting  the  motion  of  the 
earth,  it  would  surpass  the  wisdom  of  an 
angel,  on  any  rational  principles,  to  solve  the 
phenomena  of  the  heavens.  This  is  the  sys- 
tem which  has  been  denominated  the  Ptole- 
maic, from  Ptolemy,  an  astronomer  in  Egypt 
who  first  gave  a  particular  explanation  of  its 
details;  but  it  is  understood  to  have  been 
received  by  the  ancient  Greek  philosophers, 
except  the  Pythagoreans.  It  was  supported 
by  Aristotle,  who  wrote  against  the  motion 
of  the  earth ;  and  as  the  authority  of  this 
philosopher  was  thought  sufficient  to  establish 
the  opinion  of  the  earth  being  a  quiescent 
body,  it  was  generally  received  by  the  learned 
in  Europe  till  the  sixteenth  century,  or  a  little 
after  the  period  of  the  Reformation.  This  is 
the  system  to  which  almost  all  our  theological 
writers,  even  of  the  seventeenth  century,  uni- 
formly refer,  when  alluding  to  the  heavenly 
bodies  and  to  the  general  frame  of  the  world  ; 
and,  in  consequence  of  admitting  so  absurd 
and  untenable  a  theory,  their  reflections  and 
remarks  in  reference  to  the  objects  of  the 
visible  world,  and  many  of  their  comments 
on  scripture,  are  frequently  injudicious  and 
puerile,  and,  in  many  instances,  worse  than 
useless-  That  such  a  clumsy  and  bungling 
system  was  so  long  in  vogue,  is  a  disgrace  to 
the  ages  in  which  it  prevailed,  and  shows  that 
even  the  learned  were  more  prone  to  frame 
hypotheses  and  to  submit  to  the  authority  of 
Aristotle,  than  to  follow  the  path  of  observa- 
tion, and  to  contemplate  with  their  own  eyes 
the  phenomena  of  the  universe.  To  suppose 
that  the  Architect  of  nature  was  the  author 
of  such  a  complex  and  clumsy  piece  of  ma- 
chinery was  little  short  of  a  libel  on  his  per- 
fections, and  a  virtual  denial  of  his  infinite 
wisdom  and  intelligence. 

"Oh  how  unlike  the  complex  works  of  man, 
Heaven's  easy,  artless,  unencumber'd  plan  I'* 

From  this  brief  sketch  of  the  Ptolemaic  sys- 
tem, we  may  learn  into  how  many  absurdities 
we  involve  ourselves  by  the  denial  of  a  single 
important  fact  and  the  admission  of  a  single 
false  principle;  and  the  importance  of  sub- 
stantiating every  fact  and  proving  every  prin- 
ciple in  all  our  investigations  of  the  system 
of  nature  and  the  order  of  the  universe. 

The  first  among  the  moderns  who  had  the 
boldness  to  assail  the  ancient  system  which 
had  so  long  prevailed  was  the  famous  Mco- 
laus  Copernicus,  who  was  born  at  Thorn,  in 
Polish  Prussia,  in  1472,  and  died  at  Worms, 
whf»*e  he  had  been  made  a  canon  of  the 
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church  by  his  mother's  brother,  who  was 
bishop  of  that  place.  His  attention  was  early 
directed  to  the  sciences  of  mathematics  and 
astronomy.  Having  travelled  into  Italy  foi 
the  purpose  of  enlarging  his  knowledge  on 
such  subjects,  he  remained  some  time  at 
Belogna  with  Dominicus  Maria,  an  eminent 
professor  of  astronomy,  and  afterward  went 
to  Rome,  where  he  soon  acquired  so  great  a 
reputation  that  he  was  chosen  professor  of 
mathematics,  which  he  taught  for  a  long  time 
with  great  applause.  At  the  same  time  he 
was  unwearied  in  making  celestial  observa- 
tions. Returning  to  his  own  country,  he 
began  to  apply  his  vast  knowledge  in  mathe- 
matics to  correct  the  system  of  astronomy 
which  then  prevailed.  Having  applied  him- 
self with  assiduity  to  the  study  of  the  heavens, 
he  soon  perceived  that  the  hypothesis  of  the 
ancient  astronomers  was  conformable  neither 
to  harmony,  uniformity,  nor  reason.  With  a 
bold  independent  spirit,  and  a  daring  hand, 
he  dashed  the  crystalline  spheres  of  Ptolemj" 
to  pieces,  swept  away  his  cycles,  epicycles, 
and  deferents,  stopped  the  rapid  whirl  of  the 
primum  mobile,  fixed  the  sun  in  the  centre 
of  the  planetary  orbs,  removed  the  earth  from 
its  quiescent  state,  and  set  it  in  motion  through 
the  ethereal  void  along  with  the  other  planets, 
and  thus  introduced  simplicity  and  harmony 
into  the  system  of  the  universe.  But  such  a 
bold  attack  on  ancient  systems,  which  had 
been  so  long  venerated,  could  not  be  made 
without  danger.  Even  the  learned  set  them- 
selves in  opposition  to  such  bold  innovations 
in  philosophy;  the  vulgar  considered  such 
doctrines  as  chimeras,  contrary  to  the  evidence 
of  their  senses,  and  allied  to  the  ravings  of  a 
maniac ;  and  the  church  thundered  its  anathe- 
mas against  all  such  opinions  as  most  dan- 
gerous heresies.  When  only  about  thirty-five 
years  of  age,  Copernicus  wrote  his  book  "  On 
the  Revolution  of  the  Celestial  Orbs;"  but, 
fearing  the  obloquy  and  persecution  to  which 
his  opinions  might  expose  him,  he  withheld 
its  publication,  and  communicated  his  views 
only  to  a  few  friends.  For  more  than  thirty 
years  he  postponed  the  publishing  of  this 
celebrated  work,  in  which  his  system  is  de- 
monstrated ;  and  it  was  with  the  utmost  diffi- 
culty, even  in  the  latter  part  of  his  life,  that 
he  could  be  prevailed  upon  to  usher  it  into 
the  world.  Overcome,  at  length,  by  the  im- 
portunity of  his  friends,  he  put  the  vv^ork  in 
order,  and  dedicated  it  to  Pope  Paul  III. ;  in 
which  dedication,  not  to  shock  received  pre- 
judices, he  presented  his  system  under  the 
form  of  a  hypothesis.  "Astronomers,"  said 
he,  "being  permitted  to  imagine  circles  to 
explain  the  motion  of  the  stars,  I  thought 
myself  equally  entitled  to  examine  if  the  sup- 
position  of  the   motion  of  the  earth  would 
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render  the  theory  of  these  appearances  more 
exact  and  simple."  The  work  was  printed  at 
Kuremberg  at  the  expense  of  his  friends,  who 
wrote  a  preface  to  it,  in  order  to  palHate,  as 
much  as  possible,  so  extraordinary  an  innova- 
tion. But  its  immortal  author  did  not  live 
to  behold  the  success  of  his  work.  He  was 
attacked  by  a  bloody  flux,  which  was  suc- 
ceeded by  a  palsy  in  his  left  side ;  and  only 
a  few  hours  before  he  breathed  his  last  he 
received  a  copy  of  his  work,  which  had  been 
sent  him  by  one  of  his  scientific  friends.  But 
he  had  then  other  cases  upon  his  mind,  and 
composedly  resigned  his  soul  to  God  on  the 
23d  of  May,  1543,  in  the  seventy-first  year 
of  his  age.  His  remains  were  deposited  in 
the  cathedral  of  Frauenberg;  and  spheres  cut 
in  rehef  on  his  tomb  were  the  only  epitaph 
that  recorded  his  labours.  Not  many  years 
ago  his  bones  were  wantonly  carried  off  to 
.gratify  the  impious  curiosity  of  two  Polish 
travellers.* 

The  system  broached  by  Copernicus,  not- 
withstanding much  opposition,  soon  made  its 
way  among  the  learned  in  Europe.  It  was 
afterv/ards  powerfully  supported  by  the  ob- 
servations and  reasonings  of  Galileo,  Kepler, 
Halley,  Newton,  La  Place,  and  other  cele- 
brated philosophers,  and  now  rests  on  a  foun- 
dation firm  and  immutable  as  the  laws  of  the 
universe.  The  introduction  of  this  system 
may  be  considered  an  era  as  important  in 
philosophy  as  that  of  the  Reformation  was  in 
politics  and  religion.  It  had  even  a  bearing 
upon  the  progress  of  religion  itself,  and  upon 
the  views  we  ought  to  take  of  the  character 
and  operations  of  the  great  Creator.  It  paved 
the  way  for  a  rational  contemplation  of  his 
works,  and  for  ail  those  brilliant  discoveries  in 
the  celestial  regions  which  have  expanded  our 
views  of  his  adorable  perfections,  and  of  the 
boundless  extent  of  his  universal  empire.  It 
was  promulgated  nearly  at  the  same  period 
when  the  superstitions  of  the  dark  ages  were 
beginning  to  be  dissipated ;  when  the  power 
of  the  Romish  church  had  lost  its  ascendency ; 
when  the  art  of  printing  had  begun  to  illumi- 
nate the  world ;  when  the  mariner's  compass 
was  applied  to  the  art  of  navigation ;  when 
the  western  continent  was  discovered  by 
Columbus ;  and  when  knowledge  was  begin- 
ning to  diffuse  its  benign  influence  over  the 
nations ;  and,  therefore,  it  may  be  considered 
as  connected  with  that  series  of  events  which 
are  destined,  in  the  moral  government  of  God, 
to  enlighten  and  renovate  the  world. 

I  shall  now  proceed  to  consider  the  arrange- 
ment of  the  planetary  or  Copernican  system, 

♦  A  facsimile  of  one  of  the  letters  of  Copernicus 
may  be  seen  in  No.  IX.  of  the  "Edinburgh  Phiio- 
enphical  Journal"  for  July,  1821 ;  and  an  engraving 
of  the  house  in  which  he'lived  in  No.  XIII.  of  the 
same  Journal  for  July,  1822 


and  some  of  the  arguments  by  which  it  is 
supported. 

In  this  system  the  sun  is  considered  as 
placed  near  the  centre.  Around  this  central 
luminary  the  planets  perform  their  revolutions 
in  the  following  order : — First,  the  planet 
Mercury,  at  the  distance  from  the  sun's  centre 
of  about  37  millions  of  miles.  Next  to  Mer- 
cury is  Venus,  distinguished  by  the  nome  of 
the  morning  and  evening  star,  at  the  distance 
of  31  millions  of  miles  from  the  orbit  of  Mer 
cury,  and  68  millions  from  the  sun.  The 
Earth  is  considered  as  the  planet  next  in 
order,  which  revolves  at  the  distance  of  95 
millions  of  miles  from  the  sun,  and  27  millions 
from  the  orbit  of  Venus.  Farther  from  the 
sun  than  the  Earth  is  the  planet  Mars,  which 
is  145  millions  of  miles  from  the  sun,  and  50 
millions  beyond  the  orbit  of  the  Earth.  Next 
to  the  orbit  of  Mars  are  four  small  planetary 
bodies,  sometimes  named  Asteroids,  which 
were  discovered  at  different  times  about  the 
beginning  of  the  present  century.  They  are 
named  Vesta,  Juno,  Ceres,  and  Pallas.  Of 
these,  the  first  in  order  from  the  sun  is  Vesta, 
at  the  distance  of  225  millions  of  miles ;  the 
next,  Juno,  at  the  distance  of  253  millions. 
Ceres,  at  260  millions ;  and  Pallas,  at  266 
millions  of  miles.  The  planet  Jupiter  is  the 
next  in  order,  and  performs  its  revolution  in 
an  orbit  495  millions  of  miles  from  the  sun, 
and  400  from  the  orbit  of  the  earth.  Saturn 
is  nearly  double  the  distance  of  Jupiter  from 
the  sun,  being  distant  fi*om  that  orb  above  900 
millions  of  miles.  The  most  distant  planet  in 
the  system  which  has  yet  been  discovered  is 
Uranus,  or  Herschel,  which  is  removed  from 
the  Sim  at  more  than  double  the  distance  of 
Saturn  ;  namely,  above  1800  millions  of  miles. 
The  orbit  of  this  planet  includes  the  orbits  of 
the  whole  of  the  bodies  of  the  solar  system 
that  have  hitherto  been  discovered,  and  is 
eleven  thousand  three  hundred  millions  of 
miles  in  circumference,  and  three  thousand 
six  hundred  millions  hi  diameter.  To  move 
round  this  circumference  at  the  rate  of  thirty 
miles  every  hour  would  require  above  forty- 
two  thousand  nine  hundred  years.  Such  is 
the  order,  and  such  are  the  ample  dimensions 
of  that  system  of  which  we  form  a  part ;  and 
yet  it  is  but  a  mere  speck  in  the  map  of  the 
universe.  The  following  diagram  exhibits 
the  order  of  the  planets  in  the  solar  system. 

In  the  following  figure  the  small  central  star 
represents  the  sun,  and  the  circles  represent  the 
orbits  of  Mercury,  Venus,  the  Earth,  Mars, 
Vesta,  Juno,  Ceres,  Pallas,  Jupiter,  Saturn, 
and  Uranus,  in  the  order  here  enumerated. 
The  orbits  of  the  new  planets,  Vesta,  Juno,  Ce- 
res, and  Pallas,  are  represented  as  crossing  each 
other,  as  they  do  in  nature ;  and  the  portion 
of  a  long  ellipse  which  crosses  the  orbits  of 
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fig.  5. 


ecrt  with  other  planets,  are,  1.  7/  ts  most 
simple  and  agreeable  to  the  general  arrange' 
m,ent§  of  the  Creator  that  such  an  order 
as  we  have  now  stated  should  exist  in  the 
planetary  system.  For,  by  the  motion  of  the 
earth,  all  the  phenomena  of  the  heavens  are 
resolved  and  completely  accounted  for,  which 
they  cannot  be  on  any  other  system,  without 
the  supposition  of  clumsy  and  complex  machi- 
nery and  motions  altogether  repugnant  to  rea- 
son and  to  what  we  know  of  the  other  opera- 
tions of  the  all  wise  Creator.  Besides,  it  is 
contrary  to  the  first  rule  laid  down  in  philoso- 
phy— "  That  more  causes  of  natural  things 
are  not  to  be  admitted  than  are  both  true  and 
sufficient  to  explain  the  phenomena."  But 
the  Ptolemaic,  or  vulgar  system  of  the  world, 
assumes  the  existence  of  facts  which  can 
never  be  established,  and  introduces  cumbrous 
and  complicated  motions  which  are  quite  un- 
necessary for  explaining  the  phenomena. 
2.  Because  it  is  more  rationul  to  suppose  that 
the  earth  moves  about  the  sun,  than  that  the 
huge  masses  of  the  planets,  some  of  Which 
are  a  thousand  times  larger  than  our  globe-— 
or  that  the  stupendous  body  of  the  siin,  which 
is  thirteen  hundred  thousand  times  greater— 
should  perform  a  revolution  around  so  com-' 
paratively  small  a  globe  as  the  earth.  To 
suppose  the  contrary,  would  be  repugnant  to 
all  the  laws  of  motion  that  are  known  to  ex- 
ist in  the  universe.  We  might  as  well  ex- 
pect that  a  sling,  which  contains  a  millstone 
in  it,  may  be  fastened  to  a  pebble,  and  continue 
its  motion  about  that  pebble  without  removing 
t,  as  that  the  sun  can  revolve  about  the  earth 
(368) 


all  the  planets  represents  the  orbit 
of  a  comet.  The  proportional  dis- 
tances  and  magnitudes  of  the  planets 
are  represented  in  a  subsequent 
chapter. 

I  shall  now  proceed  to  offer  a  few 
arguments  or  demonstrations  of  the 
truth  of  the  solar  system,  as  first 
proposed  by  Copernicus,  and  now 
received  by  all  astronomers.  I  shall 
first  state  those  which  may  be  called 
presumptive  arguments,  or  which 
amount  to  a  high  degree  of  proba- 
bility, and  then  briefly  illustrate 
those  which  I  consider  as  demon- 
strative. Having  already  endea- 
voured to  prove  the  diurnal  rotation 
of  the  earth,  I  shall  consider  that 
point  as  settled,  and  confine  myself, 
at  present,  to  the  consideration  of 
the  earth's  annual  revolution^  and 
the  phenomena  of  the  planets  which 
result  from  this  motion. 

The  presumptive  arguments  that 
the  earth  is  a  planetary  body,  and 
revolves  round  the  sun  in  con- 
while  the  earth  continues  immovable  in  the 
centre  of  that  motion. 

3.  It  was  a  law  discovered  by  Kepler,  ly 
which  all  the  planets,  both  primary  and  se- 
condary, are  regulated,  "That  the  squares  of  | 
the  periodic  times  of  the  planets'  revolutions  j 
are  as  the  cubes  of  their  distances  ;"*  but,  if 
the  sun  move  around  the  earth,  that  law, 
which  is  established  on  the  most  accurate  ob- 
servations, is  completely  destroyed,  and  the 
general  order  and  symmetry  of  the  system  of 
nature  are  infringed  upon  and  interrupted. 
For,  according  to  that  law,  the  sun  would  be 
so  far  from  revolving  about  the  earth  in  365 
days,  that  it  would  require  no  less  than  589 
years  to  accompHsh  one  revolution,  as  will 
appear  from  the  following  calculation :  The 
moon  revolves  round  the  earth  in  twenty-seven 
days  eight  hours,  at  the  distance  of  240,000 
miles ;  the  sun  is  placed  at  the  distance  of 
95,000,000  miles.  The  period  of  the  revolu- 
tion of  any  body  revolving  at  that  distance 
will  be  found,  according  to  the  law  now  stated, 
by  the  following  proportion :  As  the  cube  of 
the  moon's  distance :  is  to  the  cube  of  the 
sun's  distance:  :  so  is  the  square  of  the 
moon's  period  :  to  the  square  of  the  period  of 
any  body  moving  about  the  earth  at  the  dis- 
tance  of  the   sun.     Now,  the   cube   of  the 

♦  For  example  ;  if  one  planet  were  four  times 
as  distant  as  another,  it  would  revolve  in  a  period 
eight  times  as  long  ;  for  the  cube  of  4=64  is  equal 
to  the  sqtiare  of  8.  T litis  Mars  is  about  four  times 
as  remote  from  the  sun  as  Mercury,  and  Uranui 
four  times  as  remote  as  Jupiter,  and  their  periods 
of  revolution  correspond  to  this  proportion  of  theii 
distances.  This  argument,  when  properly  under- 
stood, is  demonstrative. 
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moon's  distance,  240,000,  is  13,824,000,000 
000,000  ;  the  cube  of  the  sun's  distance,  95, 
000,000,  is  857,375,000,000,000,000,000,000. 
The  square  of  the  moon's  periodical  time, 
twenty-seven  days  eiglit  hours,  is  747,  which, 
multipUed  by  the  cube  of  the  sun's  distance, 
and  divided  by  the  cube  of  the  moon's  distance, 
is  46,329,508,463,  the  square  root  of  which 
is  215,242  days,  or  589  years  and  257  days. 
This  calculation  is  of  itself  sufRcient  to  deter- 
mine the  point  in  question,  for  there  is  no  ex- 
ception known  to  the  law  we  have  stated. 
Besides,  did  the  sun  observe  this  universal 
law,  and  yet  revolve  in  365  days,  his  distance 
ought  to  be  only  about  1,351,000  miles, 
whereas  it  can  be  shown  that  it  is  about  95, 
000,000.  Foi,  as  the  square  of  the  moon's 
period,  747  :  is  tc  the  square  of  the  sun's,  365 
X365=-133,225:  :so  is  the  cube  of  the 
moon's  distance  from  the  earth  13,824,000, 
000,000,000  :  to  2,465,465,050,240,963,855, 
the  cube  root  of  which  is  1,351,295,  or  one 
million,  three  hundred  and  fifty-one  thousand, 
two  hundred  and  ninety-five  miles,  which 
should  be  the  sun's  distance  if  he  revolved 
about  the  earth  in  accordance  with  this  uni- 
versal law,  which  governs  every  moving  body, 
both  primary  and  secondary.* 

4.- It  appears  most  reasonable  to  conclude 
that  the  sun  is  placed  near  the  centre  of  the 
planetary  system,  as  it  is  the  fountain  of  light 
and  heat  for  cheering  and  irradiating  all  the 
worlds  within  the  sphere  of  its  influence ;  and 
it  is  from  the  centre  alone  that  these  emana- 
tions can  be  distributed  in  uniform  and  equa- 
ble proportions  to  all  the  planets.  If  the  earth 
were  in  the  centre,  with  the  sun  and  planets 
revolving  around  it,  the  planetary  worlds 
would  be,  at  different  times,  at  very  different 
distances  from  the  sun ;  and,  when  nearest  to 
him,  would  be  scorched  with  excessive  heat, 
and  at  their  greatest  distance  would  be  frozen 
with  excessive  cold  ;  and  as  some  of  the  plan- 
ets would,  on  this  supposition,  be  sometimes 
five  times  the  distance  from  the  source  of  light 
and  heat  which  they  are  at  other  times,  it 
would  produce  the  same  effect  as  if  the  earth 
were  occasionally  to  be  carried  beyond  the  orbit 
of  Jupiter,  four  hundred  and  seventy  millions  of 
miles  from  its  present  position.  But  if  the  sun 
be  considered  as  placed  in  the  centre  of  the 
system,  we  have  then  presented  to  our  view  a 
system  of  universal  harmony  and  order :  the 
planets  all  revolving  around  the  great  central 
orb  by  the  universal  law  or  pow-er  of  gravita- 
tion, and  every  thing  corresponding  to  the 
laws  of  circular  motion  and  central  forces ; 
otherwise  we  are  lefl  entirely  in  the  dark  as  to 

♦  The  primary  planets  are  those  which  revolve 
about  the  sun  as  their  centre,  as  Venus,  Mars,  and 
Jupiter.  The  secondary  planets  are  those  which 
revolve  around  the  primary,  as  the  moons  of  Jupi- 
ter, Saturn,  and  Uranus. 
47 


the  operations  of  nature  and  the  system  of  the 
universe. 

There  is  no  more  difficulty  in  conceiving 
the  earth  to  move  than  that  it  should  remain 
quiescent  in  the  same  place.  For  if  the  earth 
remain  at  rest  in  the  centre  of  the  system,  it 
is  supported  upon  nothing,  in  the  midst  of 
infinite  space,  by  the  power  of  Omnipotence: 
and  we  have  as  little  conception  how  a  ponde- 
rous globe  of  the  size  of  the  earth  should  re- 
main suspended  upon  nothing,  as  that  it 
should  move  through  the  voids  of  space  with 
a  velocity  of  sixty-eight  thousand  miles  an 
hour.  The  Power  that  is  able  to  suspend  it 
in  empty  space  can  as  easily  make  it  fly 
through  the  ethereal  regions,  as  is  the  case 
with  Jupiter  and  Saturn,  which  are  globes  a 
thousand  times  larger ;  and  such  a  motion  is 
necessary  in  order  to  display  the  harmony  and 
proportion  of  the  Creator's  works,  and  to  vin- 
dicate his  all-perfect  wisdom  and  intelligence. 
It  is  even  no  more  difficult  to  conceive  such  a 
motion  than  it  is  to  conceive  how  the  earth 
can  be  inhabited  all  around,  and  that  there  can 
be  no  such  thing  as  up  or  down  in  the  uni- 
verse, absolutely  considered  ;  how,  for  exam- 
ple, persons  can  stand  upright  on  the  opposite 
sides  of  the  globe ;  that  our  antipodes,  stand- 
ing with  their  heads  in  an  opposite  direction 
to  ours  can  look  up  to  the  sky  and  down  to 
the  earth  just  as  we  do,  without  any  more 
danger  of  falling  off  from  its  surface  than  we 
are  in  of  being  carried  upward  into  the  air. 
These  are  circumstances  which  necessarily 
flow  from  the  rotundity  of  the  earth  and  its 
attractive  power ;  they  are  known  to  every  one, 
and  cannot  possibly  be  disputed,  unless  we 
deny  the  globular  form  of  the  earth,  or,  in 
other  words,  contradict  the  evidence  both  of 
our  reason  and  our  senses.  But  we  know  as 
little  of  that  power  which  draws  every  thing 
to  the  earth  on  all  sides,  as  we  do  of  a  power 
which  carries  a  planet  round  its  orbit  at  the 
rate  of  a  hundred  thousand  miles  an  hour. 
Both  are  effects  of  that  Almighty  agent  who 
contrived  the  universe,  "  who  is  wonderful  in 
counsel  and  excellent  in  working,"  and 
*'  whose  ways,"  in  numerous  instances,  "  are 
past  finding  out."  But,  in  all  cases  where 
the  least  doubt  exists,  we  ought  to  adopt  that 
view  of  the  Creator's  plans  and  operations 
which  is  most  consistent  with  the  ideas  of  a 
Being  of  infinite  perfection. 

The  arguments  now  stated,  although  we 
could  produce  no  other,  would  be  sufficient  to 
corroborate  the  idea  that  the  earth  is  a  plane- 
tary body,  performing  its  motion  through  the 
depths  of  space  ;  but,  happily,  we  are  able  to 
produce  proofs  of  the  sun  occupying  the  centre 
of  the  system,  which  may  be  considered  aa 
demonstrative.  Those  proofs  I  shall  now  stal^ 
as  briefly  a»  possible. 
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1.  In  the  first  place,  the  planets  Mercury 
and  Venus  are  uniformly  observed  to  have 
two  conjunctions  with  the  sun,  but  no  oppo- 
sition, which  could  not  possibly  happen  unless 
the  orbits  of  those  planets  lay  within  the  orbit 
of  tte  earth,  as  delineated  in  the  plan  of  the 
solar  system.  This  circumstance  will  be  more 
particularly  understood  by  the  following  dia- 
gram. 

Fig.  6. 


Let  (S  represent  the  sun  in  the  centre  of  the 
system;  M,  Mercury;  V,  Venus;  ^,  Earth; 
and  G^  Mars.  It  is  evident,  that  when  Mer- 
cury is  at  M  and  Venus  at  V,  they  will  be 
seen  from  the  earth,  E,  in  the  same  part  of  the 
heavens  as  the  sun  ;  namely,  at  B,  where 
Mars  is  represented ;  because  they  are  all 
situated  in  the  same  straight  line,  E  B.  In 
this  position  they  are  between  the  sun  and  the 
earth,  and  this  is  called  their  inferior  conjunc- 
tion. Again,  when  Mercury  and  Venus  come 
to  the  situations  H,  K,  they  are  again  in  the 
straight  line  joining  the  centres  of  the  earth 
and  sun,  and  are  therefore  seen  in  the  same 
part  of  the  heavens  with  that  orb.  In  these 
last  positions  they  are  beyond  the  sun,  which 
is  now  between  them  and  the  earth.  This  is 
called  their  superior  conjunction.  Here  it  is 
evident  that  these  two  planets  must  appear 
twice  in  conjunction  with  the  sun,  in  each 
revolution,  ;to  a  spectator  on  the  earth  at  E ; 
but  they  can  never  appear  in  opposition  to 
the. sun,  or,  iin  other  words,  they  can  never  be 


seen  in  the  east  immediately  after  the  son  has 
set  in  the  west,  as  is  the  case  with  Mars, 
which  may  be  seen  at  G  when  the  sun  appears 
at  B,  in  the  opposite  direction  ;  all  which  ap- 
pearances are  exactly  correspondent  with  ob- 
servation, but  could  never  take  place  if  the 
earth  were  the  centre  of  their  motions. 

2.  The  greatest  elongation  or  distance  of 
Mercury  from  the  sun  is  twenty-nine  degrees, 
and  that  of  Venus  about  forty-seven  degrees, 
which  answers  exactly  to  observation,  and  to 
the  positions  and  distances  assigned  to  them 
in  the  system ;  but  if  they  moved  round  the 
earth  as  a  centre,  they  would  sometimes  be 
seen  180  degrees  from  the  sun,  or  in  opposi- 
tion to  him.  But  they  have  never  been  seen 
in  such  a  position  by  any  observer,  either  in 
ancient  or  modern  times,  nor  at  greater  dis- 
tances from  the  sun  than  those  now  specified. 
It  is  evident,  from  the  figure,  that  when  Venus 
is  at  D,  the  point  of  its  greatest  elongation,  it 
will  be  seen  at  a,  in  the  direction  of  E  a,  which 
forms  an  angle  of  forty-seven  degrees  with  the 
line  E  B,  or  the  direction  of  the  sun  as 
seen  from  the  earth.  In  like  manner  Mer- 
cury, when  at  its  greatest  elongation,  at  R, 
will  be  seen  at  e,  which  forms  a  less  angle 
than  the  former  with  the  line  of  direction  in 
which  the  sun  is  seen.  Hence  it  is  that  Mer- 
cury is  so  rarely  seen,  and  Venus  only  at  cer- 
tain times  of  the  year  ;  whereas,  were  the 
earth  at  rest  m  the  centre  of  the  planetary 
orbits,  these  planets  would  be  seen  in  all  posi- 
tions and  distances  from  the  sun  in  the  same 
manner  as  the  moon  appears. 

3.  The  planets  Mars,  Jupiter,  Saturn,  Ura- 
nus, and  all  the  other  superior  planets,  have 
each  their  conjunctions  and  oppositions  to  the 
sun,  alternate  and  successively,  which  could 
not  be  unless  their  orbits  were  exte7^ior  to  the 
orbit  of  the  earth.  Thus,  from  the  earth  at 
E  Mars  will  appear  in  conjunction  with  the 
sun  at  B  and  in  opposition  at  G  ;  that  is,  in 
a  part  of  the  heavens  180  degrees  distant  from 
the  sun,  or  directly  opposite  to  him  ;  and  the 
same  is  the  case  with  all  the  planets  beyond 
the  orbit  of  Mars,  which  proves  that  they  are 
all  situated  in  orbits  which  include  the  orbit 
of  the  earth. 

4.  In  the  arrangements  of  the  planets  in  the 
system,  as  formerly  stated,  they  will  all  be 
sometimes  much  nearer  to  the  earth  than  at 
other  times ;  and,  consequently,  their  bright^ 
ness  and  splendour,  and  likewise  their  appa- 
rent diameters,  will  be  proportion  ably  greater 
at  one  time  than  at  another.  This  corresponds 
with  every  day's  observation.  Thus  the  ap- 
parent diameter  of  Venus,  when  greatest,  is 
fifty-eight  seconds,  and  v/hen  least,  about  ten 
seconds  ;  of  Mars,  when  greatest  about  twenty- 
five  seconds,  and  when  least,  not  abcTe  torn 
or  five  seconds ;  so  that  in  one  part  o/  lii'3 
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orbit  he  is  five  times  nearer  to  the  earth  than 
at  the  opposite  part,  and,  consequently,  ap- 
pears twenty-five  times  larger  in  surface. 
Thus,  when  Mars  is  in  the  point  6?,  in  oppo- 
sition to  the  sun,  he  is  the  whole  diameter  of 
the  earth's  orbit,  or  190  milUons  of  miles 
nearer  us  than  when  he  is  in  conjunction,  in 
the  point  B.  In  the  one  case  he  is  only  50 
miUions  of  miles  distant  from  the  earth,  while 
in  the  other  he  is  no  less  than  240  millions  of 
miles  ;  and  his  apparent  magnitude  varies  ac- 
cordingly. But,  according  to  the  system  which 
places  the  earth  in  the  centre,  the  apparent 
magnitude  of  Mars,  and  of  uU  the  other 
planets,  should  always  he  equal,  in  whatever 
points  of  their  orbits  they  may  be  situated. 

5.  When  the  planets  are  viewed  through 
good  telescopes,  they  appear  with  different 
phases ;  that  is,  with  different  parts  of  their 
bodies  enlightened.  Thus,  Mars  sometimes 
appears  round,  or  with  a  full  enhghtened  face  ; 
and  at  other  times  he  presents  a  gibbous 
phase,  like  that  of  the  moon  three  or  four  days 
before  the  full.  Venus  presents  all  the  differ- 
ent phases  of  the  moon,  appearing  sometimes 
with  a  gibbous  phase,  sometimes  like  a  half 
moon,  and  at  other  times  like  a  slender  cre- 
scent. Thus,  at  y,  her  dark  side  is  turned  to 
the  earth,  and  she  is  consequently  invisible, 
unless  she  happens  to  pass  across  the  disk  of 
the  sun,  when  she  appears  like  a  round  black 
spot  on  the  surface  of  that  luminary.  At  D 
she  appears  hke  a  crescent ;  at  A  like  a  half 
moon,  because  only  the  one  half  of  her  en- 
lightened side  is  turned  towards  the  earth ; 
and  at  F  she  presents  a  gibbous  phase.  When 
Copernicus  first  proposed  his  system,  it  was 
one  of  the  strongest  objections  which  his  ad- 
versaries brought  against  it,  and  by  which 
they  supposed  they  had  completely  confuted 
him ;  namely,  that  "  if  his  hypothesis  were 
true,  Venus  and  Mercury  must  vary  their 
phases  like  the  moon,  but  that  they  constantly 
appeared  round."  Copernicus  at  once  admit- 
ted that  these  consequences  were  justly  drawn ; 
and  he  attributed  the  cause  of  their  round  ap- 
pearances to  the  structure  of  our  eyes,  to  the 
distance  of  the  objects,  and  to  those  radiating 
crowns  which  hinder  us  from  judging  either 
of  the  size  or  the  exact  form  of  the  stars  and 
planets;  and  he  is  said  to  have  prophesied 
that  one  day  or  other  these  various  phases 
would  be  discovered  ;  and  little  more  than  half 
a  century  intervened,  when  the  telescope 
(which  was  unknown  in  the  time  of  Coperni- 
cus), in  the  hands  of  Galileo,  determined  to  a 
certainty  the  matter  in  dispute,  and  confirmed 
the  prediction  of  that  eminent  astronomer. 
How  great,  may  we  suppose,  would  have  been 
the  transport  of  that  illustrious  man  had  a 
telescope  been  put  into  his  hands,  and  had  he 
seen,  as  we  now  do,  that  Venus,  when  she 


appears  most  brilliant,  exhibits,  in  reality,  the 
form  of  a  crescent !  so  that  this  forraidabia 
objection  to  the  truth  of  his  system  has  now 
become  one  of  the  strongest  and  most  palpable 
demonstrations  of  the  reality  of  that  arrange- 
ment which  has  placed  the  sun  in  the  centre, 
and  set  the  earth  in  motion  between  Mars  and 
Venus. 

6.  All  the  planets  in  their  motions  are  seen 
sometimes  to  move  di7'ect ,-  sometimes  retro- 
grade,-  and  at  other  times  to  remain  station" 
my,  without  any  apparent  motion  :  in  other 
words,  in  one  part  of  their  course  they  appear 
to  move  to  the  east;  in  another  part  to  the 
west ,'  and  at  certain  points  of  their  orbit  they 
appear  fixed  for  some  time  in  the  same  posi- 
tion. Thus,  Venus,  when  she  passes  from 
her  greatest  elongation  westward,  at  L,  to  her 
elongation  eastward,  at  D,  through  the  arch 
L  C  K  F  A  D,  will  appear  direct  in  motion, 
or  from  west  to  east ;  but  as  she  passes  from 
D  to  L,  through  the  arch  D  V  L,  she  will 
appear  retrograde,  or  as  if  she  were  moving 
from  east  to  west.  When  she  is  in  those 
parts  of  her  orbit  most  distant  from  the  sun,  as 
at  D  and  L,  she  will  appear  for  some  time  sta- 
tionary, because  the  tangent  line  or  visual  ray 
appears  to  coincide  for  some  time  with  the 
orbit  of  the  planet ;  just  as  a  ship  at  a  great 
distance,  when  moving  directly  towards  the 
eye  in  the  line  of  vision,  appears  for  a  little 
time  to  make  no  progress.  All  these  apparent 
diversities  of  motion  are  necessary  results  of 
the  Copernican  system,  and  they  coincide 
with  the  most  accurate  observations;  but  they 
are  altogether  inexplicable  on  any  other  hy- 
pothesis. 

7.  The  planets  Mercury  and  Venus,  in 
their  superior  conjunctions  with  the  sun,  as  at 
H  and  K,  are  sometimes  hid  behind  the  sun's 
body ;  which  could  never  happen  on  the 
Ptolemaic  hypothesis,  because  in  it  the  orbit 
of  the  sun  is  supposed  to  be  exterior  to  the 
orbits  of  these  two  planets. 

8.  The  times  in  which  these  conjunctions, 
oppositions,  direct  and  retrograde  motions,  and 
stationary  aspects  of  the  planets  happen,  are 
not  such  as  they  would  be  if  the  earth  were 
at  rest  in  its  orbit ;  but  precisely  such  if  the 
earth  move,  and  all  the  other  planets  in  the 
periods  assigned  them.  Thus,  suppose  Venus 
at  any  time  in  conjunction  with  the  sun  at  F; 
were  the  earth  at  rest  in  E,  the  next  conjunc- 
tion of  the  same  kind  would  happen  again 
when  Venus  had  made  just  one  revolution, 
that  is,  in  224  days.  But  this  is  contrary  to 
experience ;  for  a  much  longer  time  is  found 
to  intervene  between  two  conjunctions  of  the 
same  kind,  as  must  be  if  we  suppose  the  earth 
to  have  a  motion  in  the  same  direction.  For, 
when  Venus  comes  to  the  point  V,  the  earth 
will  have  passed  in  that  time  from  E  to  some 
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other  part  of  its  orbit,  and  from  this  part  still 
keeps  moving  on  till  Venus  overtakes  it,  and 
gets  again  between  it  and  the  sun.  The 
period  which  Venus  will  take  before  she  over- 
takes the  earth  and  comes  in  conjunction  with 
the  sun,  is  found  as  follows :  The  daily  mean 
motion  of  the  earth  is  fifty-nine  minutes  eight 
seconds  (which  is  the  same  as  the  apparent 
mean  motion  of  the  sun),  and  the  daily  mean 
motion  of  Venus  is  one  degree,  thirty-six 
minutes,  eight  seconds.  The  difference  of 
these  mean  motions  is  thirty-seven  minutes. 
Therefore,  as  37' :  is  to  the  number  of  mi- 
nutes in  the  whole  circle  of  360  degrees, 
namely,  21600' : :  so  is  one  day :  to  683  days, 
18  5-4  hours,  which  is  the  time  between  two 
conjunctions  of  the  same  kind,  or  one  year 
and  a  little  more  than  seven  months,  which  is 
somewhat  more  than  two  and  a  half  revolu- 
tions of  Venus,  and  which  perfectly  agrees 
with  the  most  accurate  observations. 

In  the  last  place,  if  we  were  to  suppose  the 
earth  at  rest  in  the  centre  of  the  planetary 
Bystem,  the  motions  of  all  the  planets  would 
present  a  scene  of  inextricable  confusion* 
They  would  appear  so  irregular  and  anoma- 
lous that  no  rational  being  would  ever  sup- 
pose they  could  be  the  contrivances  of  an 
all -wise  Being,  possessed  of  every  perfection. 
This  will  appear  at  once  by  casting  the  eye 
on  Fig.  7,  which  represents  the  apparent  mo- 
tion of  the  planet  Mercury,  as  seen  from  the 
earth,  from  the  year  1708  to  1715,  as  origi- 
nally delineated  by  the  celebrated  astronomer 

Fig.  7. 
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Cassini,  and  published  in  the  Memoirs  of  ^9 
Royal  Academy  of  Sciences.  Here  the  mo- 
tion of  this  planet  appears  to  describe  a  com- 
plicated curve,  or  a  series  of  loops  or  spii-als' 
running  into  each  other,  instead  of  a  regular 
circular  motion  in  an  orbit ;  and  such  irregu- 
lar curves  must  be  the  real  motion  of  tha 
planet,  to  account  for  all  its  appearances,  if 
the  earth  were  considered  as  remaining  fixed 
in  the  centre  of  its  motion.  On  each  side  of 
the  loops  in  the  figure  it  appears  stationary  j 
in  that  part  of  the  loop  next  the  earth  it  ap- 
pears retrograde ;  and  in  all  the  rest  of  the 
path,  which  seems  to  stretch  far  away  from 
the  earth,  it  appears  direct,  till  its  course  again 
appears  to  run  into  a  loop.  Let  the  reader 
trace  the  whole  of  the  curve  here  delineated, 
and  then  ask  himself  whether  such  motions 
can  possibly  be  real,  or  the  contrivances  of 
Infinite  Wisdom.  The  motions  of  Venus, 
and  of  all  the  superior  planets,  as  seen  from 
the  earth,  present  similar  curves  and  anoma- 
lies. Now  it  is  a  fact,  that  when  the  earth  is 
considered  as  moving  round  the  sun  in  a  year, 
between  the  orbits  of  Venus  and  Mars,  all 
these  apparent  irregularities  are  completely 
accounted  for  by  the  combination  of  motions 
produced  by  our  continual  change  of  position, 
in  consequence  of  the  earth's  progress  in  its 
annual  orbit ;  and  thus  the  movements  of  all 
the  planets  are  reduced  to  perfect  harmony 
and  order. 

Such  is  a  brief  summary  of  the  leading 
proofs  which  may  be  brought  forward  to  esta- 
blish the  fact  of  the  annual  motion  of  the  earth 
round  the  sun.  They  all  converge  towards 
the  same  point,  and  hang 
together  in  perfect  harmony. 
It  is  next  to  impossible  that 
such  a  combination  of  ar- 
guments could  be  found  to 
prove  a  false  position.  When 
thoroughly  understood  and 
calmly  considered,  they  are 
calculated  to  produce  on  the 
mind  of  every  unbiassed  in- 
quirer as  strong  a  conviction 
of  the  point  in  question,  as 
if,  from  a  fixed  position  in 
the  heavens,  we  actually  be- 
held the  earth  and  ail  its 
population  sweeping  along 
through  the  etliereal  spaces 
with  the  velocity  of  sixty- 
eight  thousand  miles  every 
hour.  These  arguments  are 
plain  and  easy  to  be  under- 
stood if  the  least  attention 
be  bestowed.  Most  of  them 
require  nothing  more  than 
common  observation,  or,  in 
other  vro'idi^,  common  senso; 
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in  order  to  understand  and  appreciate  them ; 
and  he  who  will  not  give  himself  the  trouble 
to  weigh  them  with  attention  must  be  con- 
tented to  remain  in  ignorance.  I  have  stated 
them  with  more  particularity  than  is  generally 
done  in  elementary  books  on  this  subject,  be- 
cause they  lie  at  the  foundation  of  astronomi- 
cal science,  and  of  all  our  views  of  the  ampli- 
tude and  order  of  the  universe :  and  because 
many  profess  to  believe  in  the  motion  of  the 
earth  merely  on  the  authority  of  others,  with- 
out examining  the  grounds  of  their  belief,  and, 
consequently,  are  never  fully  and  rationally 
convinced  of  the  important  position  to  which 
we  have  adverted. 

The  motion  of  the  earth  presents  before  us 
a  most  sublime  end  august  object  of  contem-' 
plation.  We  wonder  at  beholding  a  steam 
carriage,  with  all  its  apparatus  of  wagons  and 
passengers,  carried  forward  on  a  railway  at 
the  rate  of  thirty  miles  an  hour,  or  a  balloon 
sweeping  through  the  atmosphere  with  a  velo- 
city of  sixty  miles  in  the  same  time.  Our 
admiration  would  be  raised  still  higher,  should 
we  behold  Mount  Etna,  with  its  seventy  cities, 
towns,  and  villages,  and  its  hundred  thousand 
inhabitants,  detached  from  its  foundations, 
carried  aloft  through  the  air,  pouring  forth 
torrents  of  red-hot  lava,  and  impelled  to  the 
continent  of  America  in  the  space  of  half  an 
hour.  But  such  an  object,  grand  and  as- 
tonishing as  it  would  be,  could  convey  no 
adequate  idea  of  the  grandeur  of  such  a  body 
as  the  earth  flying  through  the  voids  of  space 
in  its  course  round  the  sun.  Mount  Etna,  in- 
deed, contains  a  mass  of  matter  equal  to  more 
than  800  cubical  miles,  but  the  earth  com- 
prises an  extent  of  more  that  263,000,000,000 
of  solid  miles,  and,  consequently,  is  more  than 
three  hundred  millions  of  times  larger  than 
Etna,  and  of  a  much  greater  density.  The 
comparative  size  of  this  mountain  to  the  earth 
may  be  apprehended  by  conceiving  three  hun- 
dred millions  of  guineas  laid  in  a  straight  line, 
which  would  extend  4700  miles,  or  from  Lon- 
don to  the  equator  or  to  South  America.  The 
whole  line  of  guineas  throughout  this  vast 
extent  would  represent  the  bulk  of  the  earth, 
and  a  single  guinea,  which  is  only  about  an 
inch  ill  extent,  would  represent  the  size  of 
Etna  compared  with  that  of  the  earth.  Again ; 
Etna,  in  moving  from  its  present  situation  to 
America  in  half  an  hour,  would  move  only 
at  the  rate  of  130  miles  in  a  minute;  while 
the  earth  in  its  annual  course  flies  vdth  a 


velocity  of  more  than  1130  miles  in  the 
same  space  of  time,  or  about  nine  times  thai 
velocity.  ^^ 

How  august,  then,  and  overpowering  the 
idea,  that  during  every  pulse  that  beats  within 
us  we  are  carried  nearly  twenty  miles  from 
that  portion  of  absolute  space  we  occupied 
before!  that  during  the  seven  hours  we  re- 
pose in  sleep,  we,  and  all  the  inhabitants  of 
the  world,  are  transported  470,000  miles 
through  the  depths  of  space ;  that  during  the 
time  it  would  take  to  read  deliberately  from 
the  beginning  of  the  last  paragraph  to  the 
present  sentence  we  have  been  carried  forward 
with  the  earth's  motion  more  than  4500  miles  ; 
and  that,  in  the  course  of  the  few  minutes  we 
spend  in  walking  a  mile,  we  are  conveyed 
through  a  portion  of  absolute  space  to  the  ex-, 
tent  of  more  than  18,000  miles.  What  an 
astonishing  idea  does  such  a  motion  convey 
of  the  ENERGIES  of  the  Almighty  Creator, 
especially  when  we  consider  that  thousands 
of  rolling  worlds,  some  of  them  immensely 
larger  than  our  globe,  are  impelled  with  simi- 
lar velocities,  and  have,  for  many  centuries 
past,  been  running  v»rithout  intermission  their 
destined  lounds  !  Here,  then,  we  have  a  mag- 
nificent scene  presented  to  view,  far  more 
wonderful  than  all  the  enchanted  palaces 
rising  and  vanishing  at  the  stroke  of  the  ma- 
gician's rod,  or  all  the  scenes  which  the 
human  imagination  has  ever  created,  or  the 
tales  of  romance  have  recorded,  v^hich  may 
serve  to  occupy  our  mental  contemplation 
when  we  feel  ennui,  or  are  at  a  loss  for  sub- 
jects of  amusement  or  reflection.  We  may 
view  in  imagination  this  ponderous  globe 
on  which  we  reside,  with  all  its  load  of  con- 
tinents, islands,  oceans,  and  its  millions  of 
population,  wheeling  its  course  through  the 
heavens  at  a  rate  of  motion,  every  day,  ex- 
ceeding 1,600,000  miles;  v/e  may  transport 
ourselves  to  distant  regions,  and  contemplate 
globes  far  more  magnificent,  moving  with 
similar  or  even  greater  velocities;  we  may 
wing  our  flight  to  the  starry  firmament,  where 
worlds  unnumbered  run  their  ample  rounds, 
where  suns  revolve  around  suns,  and  systems 
around  systems,  around  the  throne  of  the 
Eternal ;  till,  overpowered  with  the  immensity 
of  space  and  motion,  we  fall  down  with  re- 
verence, and  worship  Him  who  presides  over 
all  the  departments  of  universal  nature,  "who 
created  all  worlds,  and  for  whose  pleasure 
they  are  and  ivere  created.'* 
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CHAPTER  III. 

On  the  Magnitudes,  Motions,  and  other  Phenomena  of  the  bodies  connected  with  iki 

Solar  System^ 


In  the  elucidation  of  this  subject  I  shall,  in 
the  first  place,  present  a  few  sketches  of  the 
magnitudes,  motions,  and  other  phenomena 
of  the  primary  planets  belonging  to  the  solar 
system.  These  planets,  as  formerly  stated, 
are,  Mercury,  Venus,  Mars,  Vesta,  Juno, 
Ceres,  Pallas,  Jupiter,  Saturn,  and  Uranus, 
which  are  here  mentioned  in  the  order  of  their 
distance  from  the  sun. 

In  this  order  I  shall  proceed  to  give  a  few 
descriptions  of  the  principal  facts  which  have 
been  ascertained  respecting  each  planet. 

I.    THE  PLANET  MERCURY. 

This  planet  is  the  nearest  to  the  sun  of  any 
that  have  yet  been  discovered,  although  a 
space  of  no  less  than  thirty-seven  millions  of 
miles  intervene  between  Mercury  and  the 
central  luminary.  Within  this  immense  space 
several  planets  may  revolve,  though  they  may 
never  be  detected  by  us,  on  account  of  their 
proximity  to  the  sun.  To  an  inhabitant  of 
Mercury,  such  planets,  if  any  exist,  may  be 
as  distinctly  visible  as  Venus  and  Mercury 
are  to  us ;  because  they  will  appear,  in  certain 
parts  of  their  course,  at  a  much  greater  elonga- 
tion from  the  sun  than  they  can  to  us.  This 
planet,  on  account  of  its  moving  in  the  neigh- 
bourhood of  the  sun,  is  seldom  noticed  by  a 
common  observer.  It  is  only  to  be  seen  by 
the  naked  eye  about  the  period  of  its  greatest 
elongation  from  the  sun,  which  is  sometimes 
only  about  16°  or  17°,  and  never  exceeds 
29°.  These  elongations  happen,  at  an  average, 
about  six  or  seven  times  every  year ;  about 
three  times  when  the  planet  is  eastward  of 
the  sun,  and  three  times  when  it  is  to  the 
westward.  This  planet,  therefore,  can  only 
be  seen  by  the  unassisted  eye  for  a  few  days 
about  these  periods,  either  in  the  morning  a 
little  before  sunrise,  or  in  the  evenings  a  little 
after  sunset.  As  it  is  sometimes  not  above 
16^,  even  at  its  greatest  elongation,  from  the 
point  of  sunrise  or  sunset,  and  is  likewise 
very  near  the  horizon,  it  is  sometimes  very 
difficult  to  distinguish  it  by  the  naked  eye, 
and  at  all  other  times  it  is  generally  imper- 
ceptible without  a  telescope.  It  is  said  that 
the  celebrated  astronomer  Copernicus  had 
never  an  opportunity  of  seeing  this  planet 
during  the  whole  course  of  his  life.  I  have 
seen  Mercury  three  or  four  times  with  the 
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naked  eye,  and  pretty  frequently  with  a  tele- 
scope. With  a  magnifying  power  of  150 
times  I  have  seen  it  about  the  time  of  its 
greatest  elongation,  more  than  half  an  hour 
after  sunrise,  when  it  appeared  like  a  small 
brilliant  half  moon ;  but  no  spots  could  be 
discovered  upon  it.  To  the  naked  eye,  when 
it  is  placed  in  a  favourable  position,  it  appears 
with  a  brilliant  white  light,  like  that  of  Venus, 
but  much  smaller  and  less  conspicuous.  The 
best  mode  of  detecting  it  is  by  means  of  an 
equatorial  telescope,  which,  by  a  slight  calcu- 
lation and  the  help  of  an  ephemeris,  may  be 
directed  to  the  precise  point  of  the  heavens 
where  it  is  situated.  The  most  favourable 
seasons  of  the  year  for  observing  it  are  when 
its  greatest  elongations  happen  in  the  month 
of  March  or  April,  and  in  August  or  Septem- 
ber. In  winter  it  is  not  easily  perceived,  on 
account  of  its  very  low  altitude  above  the 
horizon  at  sunrise  and  sunset;  and  in  sum- 
mer, the  long  twilight  prevents  our  perception 
of  any  small  object  in  the  heavens.  From  the 
planets  Saturn  and  Uranus,  Mercury  would 
be  altogether  invisible,  being  completely  im- 
mersed in  the  splendour  of  the  solar  rays ;  so 
that  an  inhabitant  of  these  planets  would 
never  know  that  such  a  body  existed  in  the 
universe,  unless  he  should  happen  to  see  it 
when  it  passed,  like  a  small  dark  point,  across 
the  disk  of  the  sun. 

Mercury  revolves  around  the  sun  in  the 
space  of  eighty-seven  days  twenty-three  hours, 
which  is  the  length  of  its  year;  but  the  time 
from  one  conjunction  to  the  same  conjunction 
again  is  about  116  days ;  for  as  the  earth  has 
moved  about  a  fourth  part  of  its  revolution 
during  this  period,  it  requires  nearly  thirty 
days  for  Mercury  to  overtake  it,  so  as  to  be  in 
a  line  with  the  sun.  During  this  period  of 
about  116  days  it  passes  through  ail  the 
phases  of  the  moon,  sometimes  presenting  a 
gibbous  phase,  sometimes  that  of  a  half  moon, 
and  at  other  times  the  form  of  a  crescent; 
which  phases  and  other  particulars  will  be 
more  particularly  explained  in  the  description 
I  shall  give  of  the  planet  Venus.  Mercury, 
at  different  times,  makes  a  transit  across  the 
sun's  disk  ;  and  as  its  dark  side  is  then  turned 
to  the  earth,  it  will  appear  like  a  round  spot 
upon  the  face  of  the  sun  ;  and  when  it  passes 
near  the  centre  of  the  sun  it  will  appear  f(>? 
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the  space  of  from  five  to  seven  hours  on  the 
surface  of  that  orb.  Its  last  transit  happened 
on  the  7th  of  November,  1835,  which  was 
visible  in  the  United  States  of  America,  but 
not  in  Britain,  as  the  sun  was  set  before  its 
commencement.  The  next  transits,  to  the 
end  of  the  present  century,  are  as  follow  ; 

hours,  minutes. 

1845,  May  8th 7  54  p.m. 

1848,  November  9th..  1  38  p.m. 
1861,  November  12th  7  20  p.m. 
1868,  November  5th  ..  6  44  a.m.. 

1878,  May  6th 6  38  p.m. 

1881,  November  8th..  0  40  a.m. 

1891,  May  10th 2  45  a.m. 

1894,  November  10th  6  17  p.m. 

The  time  stated  in  the  above  table  is  the 
mean  time  of  conjunction  at  Greenwich,  or 
nearly  the  middle  of  the  transit;  so  that,  in 
whatever  part  of  the  world  the  sun  is  risen  at 
that  time,  the  transit  will  be  visible  if  no  clouds 
interpose.  The  next  two  transits,  in  1845 
and  1848,  will  be  partly  visible  in  Britain. 

Few  discoveries  have  been  made  on  the 
surface  of  this  planet  by  means  of  the  tele- 
scope, owing  to  the  dazzling  splendour  of  its 
rays,  which  prevents  the  telescope  from  pre- 
senting a  well  defined  image  of  its  disk ; 
owing,  likewise,  to  the  short  interval  during 
which  observations  can  be  made,  and  particu- 
larly to  its  proximity  to  the  horizon,  and  the 
undulating  vapours  through  which  it  is  then 
viewed.  That  unwearied  observer  of  the 
heavens.  Sir  William  Herschel,  although  he 
frequently  viewed  this  planet  with  magnifying 
powers  of  200  and  300  times,  could  perceive 
no  spots  or  any  other  phenomenon  on  its  disk 
from  which  any  conclusions  could  be  deduced 
respecting  its  peculiar  constitution  or  the 
period  of  its  rotation.  Mr.  Schroeter,  an  emi- 
nent German  astronomer,  however,  appears 
to  have  been  more  successful.  This  gentle- 
man has  long  been  a  careful  observer  of  the 
phenomena  of  the  planetary  system,  by  means 
of  telescopes  of  considerable  size,  and  has  con- 
tributed not  a  few  interesting  facts  to  astrono- 
mical science.  He  assures  us  that  he  has 
seen  not  only  spots,  but  even  moutitains  on 
the  surface  of  Mercury,  and  that  he  succeeded 
in  ascertaining  the  altitude  of  two  of  these 
mountains.  One  of  them  he  found  to  be  little 
more  than  1000  toises  in  height,  or  about  an 
pjUghsh  mile  and  372  yards.  The  other  mea- 
survid  8900  toises,  or  ten  miles  and  1378 
yards,  which  is  more  than  four  times  higher 
than  Mount  Etna  or  the  Peak  of  Teneriffe. 
The  highest' mountains  are  said  to  be  situated 
in  the  southern  hemisphere  of  this  planet. 
The  same  observer  informs  us,  that,  by  exam- 
ining the  variation  in  the  daily  appearance  of 


the  horns  or  cusps  of  this  planet,  when  it  ap- 
peared of  a  crescent  form,  he  found  the  period 
of  its  diurnal  rotation  round  its  axis  to  be 
twenty-four  hours,  five  minutes,  and  twenty- 
eight  seconds.  But  these  deductions  require 
still  to  be  confirmed  by  future  observations. 
The  light  or  the  intensity  of  solar  radiation 
which  falls  on  this  planet  is  nearly  seven  times 
greater  than  that  which  falls  upon  the  earth  ; 
for  the  proportion  of  their  distances  from  the 
sun  is  nearly  as  three  to  eight,  and  the  quan- 
tity of  light  diffused  from  a  luminous  body  is 
as  the  square  of  the  distance  from  that  body. 
The  square  of  3  is  9,  and  the  square  of  8,  64, 
which,  divided  by  9,  produces  a  quotient  of  7 
1-9,  which  nearly  expresses  the  intensity  of 
light  on  Mercury  compared  with  that  on  the 
earth.  Or,  more  accurately,  thus  :  Mercury 
is  36,880,000  of  miles  from  the  sun,  the  square 
of  which  is  1,360,134,400,000,000  :  the  earth 
is  distant  95,000,000,  the  square  of  which 
is  9,025,000,000,000,000.  Divide  this  last 
square  by  the  first,  and  the  quotient  is  about 
6|-,  which  is  very  nearly  the  proportion  of 
light  on  this  planet.  As  the  apparent  diame- 
ter of  the  sun  is  likewise  in  proportion  to  the 
square  of  the  distance,  the  inhabitants  of  this 
planet  will  behold  in  their  sky  a  luminous  orb, 
giving  light  by  day,  nearly  seven  times  larger 
than  the  sun  appears  to  us  ;  and  every  object 
on  its  surface  will  be  illuminated  with  a  bril- 
liancy seven  times  greater  than  are  the  objects 
around  us  in  a  fine  summer's  day.  Such  a 
brilliancy  of  lustre  on  every  object  would  com- 
pletely dazzle  our  eyes  in  their  present  state 
of  organization ;  but  in  every  such  case  we 
are  bound  to  believe  that  the  organs  of  vision 
of  the  inhabitants  of  any  world  are  exactly 
adapted  to  the  sphere  they  occupy  in  the  sys- 
tem to  which  they  belong.  Were  we  trans- 
ported to  such  a  luminous  world  as  Mercury, 
we  could  perceive  every  object  with  the  same 
ease  and  distinctness  we  now  do,  provided  the 
pupil  of  the  eye,  instead  of  being  one  eighth 
of  an  inch  in  diameter,  as  it  now  is,  were  con- 
tracted to  the  size  of  one  fiftieth  of  an  inch. 
In  consequence  of  the  splendour  which  is  re- 
flected from  every  object  on  this  planet,  it  is 
likely  that  the  whole  scenery  of  nature  will 
assume  a  most  glorious  and  magnificent  as- 
pect, and  that  the  colours  depicted  on  the  va- 
rious parts  of  the  scenery  of  that  world  will 
be  much  more  vivid  and  spleridid  than  they 
appear  on  the  scenery  of  our  terrestrial  man- 
sion ;  and  since  it  appears  highly  probable 
that  there  are  elevated  mountains  on  this 
planet,  if  they  be  adorned  with  a  diversity  of 
colour,  and  of  rural  and  artificial  objects,  they 
must  present  to  the  beholder  a  most  beautiful, 
magnificent,  and  sublime  appearance.  The 
following  figures  will  present  to  the  eye  a 
comparative  view  of  the  apparent  size  of  the 
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sun,  as  beheld  from  Mercury  and  from  the 
eoxih, 
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While  the  intensity  of  the  solar  light  on 
this  planet  is  about  seven  times  greater  than 
on  the  earth,  the  light  on  the  surface  of  Ura- 
nus, the  most  distant  planet  of  the  system,  is 
360  times  less  than  that  on  the  earth ;  for  the 
square  of  the  earth's  distance,  as  formerly 
stated,  is  9,025,000,000,000,000,  and  the 
square  of  the  distance  of  Uranus  from  the 
sun,  1,800,000,000,  of  miles,  is  3,240,000,- 
000,000,000,000,  which,  divided  by  the  for- 
mer number,  gives  a  quotient  of  359  and  a 
fraction,  or,  in  round  numbers,  360  ;  the  num- 
ber of  times  that  the  light  on  the  earth  ex- 
ceeds that  on  Uranus.  Yet  we  find  that  the 
light  reflected  from  that  distant  planet,  after 
passing  1,800,000,000  of  miles  from  the  body 
of  the  sun,  and  returning  again  by  reflection 
1,700,000,000  of  miles  to  the  earth,  is  visible 
through  our  telescopes,  and  even  sometimes 
to  the  naked  eye.  Thus  it  appears  that  the 
intensity  of  light  at  the  two  extremes  of  the 
solar  system  is  in  the  proportion  of  2400  to 
1  ;  for*360x6|-— 2400,  the  number  of  times 
that  the  quantity  of  light  on  Mercury  exceeds 
that  on  Uranus.  But  v/e  may  rest  assured, 
from  what  we  know  of  the  plans  of  Divine 
wisdom,  that  the  eyes  of  organic  intelligence, 
both  at  the  extremes  and  in  all  the  interme- 
diate spaces  of  the  system,  are  exactly  adapted 
to  the  sphere  they  occupy  and  the  quantity 
of  light  they  receive  from  the  central  luminary. 
In  regard  to  the  temperature  of  Mercury, 
if  the  intensity  of  heat  were  supposed  to  be 
governed  by  the  same  law  as  the  intensity  of 
light,  the  heat  in  this  planet  would,  of  course, 
be  nearly  seven  times  greater  than  on  the 
earth.  Supposing  the  average  temperature 
of  our  globe  to  be  fifty  degrees  of  Fahren- 
heit's thermometer,  the  average  temperature 
on  Mercury  would  be  333  degrees,  or  121  de- 
grees above  the  heat  of  boiling  water ;  a  de- 
gree of  heat  suflicient  to  melt  sulphur,  to  make 
nitrous  acid  boil,  and  to  dissipate  into  vapour 
every  volatile  compound.  But  we  have  no 
reason  to  conclude  that  the  degree  of  sensible 
heat  on  any  planet  is  in  an  inverse  proportion 
to  its  distance  from  the  sun.  We  have  in- 
stances of  the  contrary  on  our  own  globe.  On 
/376) 


the  top  of  the  highest  range  of  the  Andes,  m 
South  America,  there  is  an  intense  cold  at  all 
times,  and  their  summits  are  covered  with  per- 
petual snows,  while  in  the  plains  immediately 
adjacent  the  inhabitants  feel  all  the  effects  of 
the  scorching  rays  of  a  tropical  sun.  The  sun, 
during  our   summer   in  the  northern  hemi- 
sphere, is  more  than  three   millions  of  miles 
further  from  us  than  in  winter  ;  and  although 
the  obliquity  of  his  rays  is  partly  the  cause  of 
the  cold  felt  in  winter  when  he  is  nearest  us, 
yet  it  is  not  the  only  cause  ;  for  we  find  that 
the  cold  in  New  York   and   Pennsylvania  is 
more  intense  in  winter  than  in  Scotland,  al- 
though the  sun  rises  from  ten  to  sixteen  de- 
grees higher  above  the  horizon  in  the  former 
case  than  in  the  latter.    Besides,  we  find  that 
the  heat  of  summer   in  the  southern  hemi- 
sphere, when  the  sun  is  nearest  to  the  earth,  is 
not  so  great  as  in  the  summer  of  correspond- 
ing latitudes  in  the  northern  hemisphere.     In 
short,  did  heat  depend  chiefly  on  the  nearness 
of  the  sun  or  the   obliquity  of  his  rays,  we 
should  always  have  the  same  degree  of  heat 
or  cold  at  the  same  time  of  the  year,  in  a  uni- 
form circle ;  which   experience  proves  to  be 
contrary  to  fact.     The  degree  of  heat,  there- 
fore, on  any  planet,  and  on  different  portions 
of  the  same  planet,  must  depend  in  part,  and 
perhaps  chiefly,  on  the   nature  of  the  atmo- 
sphere, and  other  circumstances  connected  with 
the  constitution  of  the  planet,  in  combination 
with  the  influence  of  the  solar  rays.     These 
rays  undoubtedly  produce  heat,  but  the  degree 
of  its  intensity  will  depend  on  the  nature  of 
the  substances  on  which  they  fall ;  as  we  find 
that  the  same  degree  of  sensible  heat  is  not 
felt  when  they  fall  on  a  piece  of  iron  or  marble 
as  when  they  fall  on  a  piece  of  wood  or  flannel. 
Mercury  was  long  considered  as  the  small- 
est primary  planet  in  the  system  ;  but  the  four 
new  planets  lately  discovered  between  the  or- 
bits  of  Mars    and  Jupiter   are   found  to   be 
smaller.     Its   diameter  is  estimated  at  3200 
miles,  and,  consequently,  its  surface  contains 
above    32,000,000    of  square   miles,  and   its 
solid   contents  are    17,157,324,800,  or  more 
than   seventeen    thousand   millions   of   solid 
miles;  and  if  the  number  of  solid  miles  con- 
tained in  the  earth,  which  are  264,000,000,000, 
be  divided  by  this  sum,  the  quotient  will  be 
somewhat  more  than  fifteen,  showing  that  the 
earth    is    above    fifteen    times    larger    than 
Mercury.    Notwithstanding  the  comparatively 
diminutive   size    of  this  planet,  it  is  capable 
of  containing  a  population  upon  its  surface 
much  greater  than  has  ever  been  supported 
on  the  surface  of  the  earth  during  any  pe- 
riod of  its  history.     In   making  an  estimate 
on  this  point,  I  shall  take  the  population  of 
England  as    a    standard.     England    contains 
50,000  square  miles  of  surface,  and  14,000,000 
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of  inhabitants,  which  is  280  inhabitants  for 
every  square  mile.  The  surface  of  Mercury 
contains  32,000,000  of  square  miles,  which  is 
not  much  less  than  all  the  habitable  parts  of 
our  globe.  At  the  rate  of  population  now 
stated,  it  is  sufficiently  ample  to  contain  8,960, 
000,000,  or  eight  thousand  nine  hundred  and 
sixty  millions  of  inhabitants,  which  is  more 
than  eleven  times  the  present  population  of 
our  globe.  And  although  the  one  half  of  the 
surface  of  this  planet  were  to  be  considered  as 
covered  with  water,  it  would  still  contain 
nearly  six  times  the  population  of  the  earth. 
Hence  it  appears,  that  small  as  this  planet 
may  be  considered  when  compared  with  others, 
and  seldom  as  it  is  noticed  by  the  vulgar  eye, 
it  in  all  probability  holds  a  far  more  distin- 
guished rank  in  the  intellectual  and  social 
system  under  the  moral  government  of  God, 
than  this  terrestial  world  of  which  we  are  so 
proud,  and  all  the  living  beings  which  traverse 
its  surface.    ^S7u^fit£(tt<^  c (ny*-^^^*^^^-^  * 

I  shall  only  mention  further  the  following 
particulars  in  reference  to  this  planet.  In  its 
revolution  round  the  sun,  its  motion  is  swifter 
than  that  of  any  other  planet  yet  discovered  ; 
it  is  no  less  than  at  the  rate  of  109,800  miles 
every  hour  at  an  average,  although  in  some 
parts  of  its  course  it  is  slower,  and  in  other 
parts  swifter,  shice  it  moves  in  an  elliptical 
orbit.  Of  course  it  flies  1830  miles  every 
minute,  and  more  than  thirty  miles  during 
every  beat  of  our  pulse.  The  density  of  this 
planet  is  found  by  certain  physical  calcula- 
tions and  investigations,  founded  on  the  laws 
of  universal  gravitation  to  be  nine  times 
that  of  water,  or  equal  to  that  of  lead  ;  so 
that  a  ball  of  lead  3200  miles  in  diameter 
would  exactly  poise  the  planet  Mercury. 
This  density  is  greater  than  that  of  any  of  the 
other  planets,  and  nearly  twice  the  density  of 
the  earth.  The  mass  of  this  planet,  or  the 
quantity  of  matter  it  contains,  when  compared 
with  the  mass  of  the  sun,  is,  according  to  La- 
Place,  as  1  to  2,025,810,  or  about  the  two 
millionth  part ;  that  is,  it  would  require  two 
millions  of  globes  of  the  size  and  density  of 
Mercury  to  weigh  one  of  the  size  and  density 
of  the  sun.  But  as  Mercury  contains  a  much 
greater  quantity  of  matter  in  the  same  bulk 
than  the  sun,  in  point  of  size  it  would  require 
22,000,000  of  globes  of  the  bulk  of  Mercury 
to  compose  a  body  equal  to  that  of  the  sun. 
In  consequence  of  the  great  density  of  this 
planet,  bodies  will  have  a  greater  weight  on 
its  surface  than  on  the  earth.  It  has  been 
computed,  that  a  body  weighing  one  pound 
on  the  earth's  surface  would  weigh  one  pound 
eight  and  a  half  drachms  on  the  surface  of 
Mercury.  If  the  centrifugal  force  of  this 
planet  were  suspended,  and  its  motion  in  a 
circular  course  stopped,  it  would  fall  towards 
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the  sun,  as  a  stone  when  thrown  upward  falls 
to  the  ground,  by  the  force  of  gravity,  with  a 
velocity  continually  increasing  as  the  square 
of  the  distance  from  the  sun  diminished.  The 
time  in  which  Mercury  or  any  other  planet 
would  fall  to  the  sun  by  the  centripetal  force, 
or  the  sun's  attraction,  is  equal  to  its  periodic 
time  divided  by  the  square  root  of  thirty-two ; 
a  principle  deduced  from  physical  and  mathe- 
matical uivestigation.  Mercury  would  there- 
fore fall  to  the  sun  in  15  days,  13  hours; 
Venus  in  39  days,  17  hours  ;  the  earth  in  64 
days,  13  hours  ;  Mars  in  121  days,  10  hours; 
Vesta  in  205  days;  Ceres  in  297  days,  6 
hours;  Pallas  in  301  days,  4  hours  ;  Juno  in 
354  days,  19  hours ;  Jupiter  in  765  days,  19 
hours,  or  above  two  years;  Saturn  in  1901 
days,  or  about  five  years ,  Uranus  in  5425 
days,  or  nearly  fifteen  years  ;  and  the  Moon 
would  fall  to  the  earth,  were  its  centrifugal 
force  destroyed,  in  4  days,  20  hours.  Some 
of  the  deductions  stated  above  may  be  apt  to 
startle  some  readers  as  beyond  the  powers  of 
limited  intellects,  and  above  the  range  of 
human  investigation.  The  discoveries  of 
Newton,  however,  have  now  taught  us  the 
laws  by  which  these  bodies  act  upon  one  an- 
other ;  and  as  the  effects  they  produce  depend 
very  much  upon  the  quantities  of  matter  they 
contain,  by  observing  these  effects  we  are 
able,  by  the  aid  of  mathematical  reasoning,  to 
determine  the  quantities  of  matter  in  most 
of  the  planets  with  considerable  certainty. 
But  to  enter  on  the  demonstration  of  such 
points  would  require  a  considerable  share  of 
attention  and  of  mathematical  knowledge,  and 
would  probably  prove  tedious  and  uninterest- 
ing to  the  general  reader. 

Mercury  revolves  in  an  orbit  which  is  ellip- 
tical, and  more  eccentric  than  the  orbits  of 
most  of  the  other  planets,  except  Juno,  Ceres, 
and  Pallas.  Its  eccentricity,  or  the  distance 
of  the  sun  from  the  centre  of  its  orbit,  is  above 
7,000,000  of  miles.  The  time  between  its 
greatest  elongations  from  the  sun  varies  from 
106  to  130  days.  Its  orbit  is  inclined  to  the 
ecliptic,  or  the  plane  of  the  earth's  orbit,  in  an 
angle  of  seven  degrees,  which  is  more  thaii 
double  the  inclination  of  the  orbit  of  Venus. 

II.  OF  THE  PLAT^-ET  TENUS. 

Of  all  the  luminaries  of  heaven,  the  sun 
and  moon  excepted,  the  planet  Venus  is  the 
most  conspicuous  and  splendid.  She  appears 
like  a  brilliant  lamp  amid  the  lesser  orbs  of 
night,  and  alternately  anticipates  the  morning 
dawn  and  ushers  in  the  evening  twilight. 
When  she  is  to  the  westward  of  the  sun,  in 
winter,  she  cheers  our  mornings  with  her  vivid 
light,  and  is  a  prelude  of  the  near  approach 
of  the  break  of  day  and  the  rising  sun-  When 
,     2  I  2  (377) 
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she  is  eastward  of  that  luminary,  her  light 
bursts  upon  us  after  sunset,  hefore  any  of  the 
other  twinkling  orbs  of  heaven  make  their  ap- 
pearance ;  and  she  discharges,  in  some  mea- 
sure, the  functions  of  the  absent  moon.  The 
brilliancy  of  this  planet  has  been  noticed  in 
all  ages,  and  has  been  frequently  the  subject 
of  description  and  admiration  both  by  shep- 
herds and  by  poets.  The  Greek  poets  distin- 
guished it  by  the  name  of  PJiosphor  when  it 
rose  before  the  sun,  and  Hesperus  when  it  ap- 
peared in  the  evening  after  the  sun  retired  ; 
and  it  is  now  generally  distinguished  by  the 
name  of  the  Morning  and  Evening  Star. 

"Next  Mercury,  Venus  runs  her  larger  round, 
With  softer  beams  and  milder  giorj'  crown'd ; 
Friend  to  mankind,  she  glitters  from  afar, 
Now  the  bright  eveninn-,  now  the  morning  star. 
From  realms  remote  she  darts  her  pleasing  ray, 
Now  leading  on,  now  closing  up  the  day  ; 
Term'd  Phosphor  when  her  morninff  beams  she 

yields, 
And  Hcs-pWus  when  her  ray  the  eue7iiw^  gilds," 

Before  proceeding  to  a  more  particular  de- 
scription of  this  planet,  I  shall  lay  before  the 
reader  a  brief  explanation  of  the  nature  of  the 
planetary  orbits,  as  I  may  have  occasion  to 
refer  to  certain  particulars  connected  with 
them  in  the  following  descriptions.  All  the 
planets  and  their  satellites  move  in  elliptical 
orbits,  more  or  less  eccentric.  The  following 
figure  exhibits  the  form  of  these  orbits. 
Fig.  9. 


The  figure  A  D  B  E  represents  the  form 
of  a  planetary  orbit,  which  is  that  of  an  oval  or 
ellipse.  The  longest  diameter  is  A  B  \  the 
shorter  diameter  D  E.  The  two  points  F  and 
G  are  called  the  foci  of  the  ellipse,  around 
which,  as  two  central  points,  the  ellipse  is 
formed.  The  sun  is  not  placed  in  C,  the 
centre  of  the  orbit,  but  at  F,  one  of  the  foci 
of  the  ellipse.  When  the  planet,  therefore,  is 
oi  A,  it  is  nearest  the  sun,  and  is  said  to  be 
in  its  perihelion ,-  its  distance  from  the  sun 
gradually  increases  till  it  reaches  the  opposite 
point,  B,  when  it  is  at  its  greatest  distance 
Iroin  the  sun,  and  is  said  to  be  in  its  aphelion  ; 
(378) 


when  it  arrives  at  the  points  Z)  and  K  of  it* 

orbit,  it  is  said  to  be  at  the  Tnean  distance. 
The  line  A  B,  which  joins  the  perihelion  and 
aphelion,  is  called  the  line  of  the  apsides,  and 
also  the  greater  axis  or  the  transverse  axis  of 
the  orbit \D Eh  the  lesser  or  conjugate  axis 
F  D,  the  mean  distance  of  the  planet  from 
the  sun ;  F  C,  or  G  C,  the  eccentricity  of  the 
orbit,  or  the  distance  of  the  sun  from  its 
centre  ;  F  is  the  lower  focus,  or  that  in  which 
the  sun  is  placed  ;  G  the  higher  focus  ;  A  the 
lower  apsis,  and  B  the  higher  apsis.  The 
orbits  of  some  of  the  planets  are  more  ellipti- 
cal than  others.  The  eccentricity  of  the  orbit 
of  Mercury  is  above  7,000,000  miles  ;  that  is, 
the  distance  from  the  point  F,  where  the  sun 
is  placed,  to  the  centre,  C,  measures  that 
number  of  miles ;  while  the  eccentricity  of 
Venus  is  only  about  490,000  miles,  or  less 
than  half  a  million.  Most  of  the  planetary 
orbits,  except  those  of  some  of  the  new  planets, 
approachwery  nearly  to  the  circular  form. 

The  orbits  of  the  different  planets  do  not  all 
lie  in  the  same  plane,  as  they  appear  to  do  in 
orreries  and  in  the  representations  generally 
given  of  the  solar  system.  If  we  suppose  a 
plane  to  pass  through  the  earth's  orbit,  and  to 
be  extended  in  every  direction,  it  will  trace  a 
line  in  the  starry  heavens  which  is  called  the 
ecliptic,  and  the  plane  itself  is  called  the  plane 
of  the  ecliptic.  The  orbits  of  all  the  other 
planets  do  not  lie  in  this  plane,  one  half  of 
each  orbit  rising  above  it,  while  the  other 
half  falls  below  it.  This  may  be  illustrated 
by  supposing  a  large  bowl  or  concave  vessel 
to  be  nearly  filled  with  water ;  the  surface  of 
the  water  will  trace  a  circular  line  round  the 
inner  surface  of  the  bowl,  which  may  repre- 
sent the  echptic,  while  the  surface  of  the 
water  itself  is  the  plane  of  the  ecliptic,  and 
the  bowl  is  the  one  half  of  the  concave  sky. 
If  we  now  immerse  in  the  bowl  a  large  circular 
ring  obliquely,  so  that  one  half  of  it  is  above 
the  surface  of  the  water  and  the  other  half 
below,  this  ring  will  represent  the  orbit  of  a 
planet  inclined  to  the  ecliptic  or  to  the  fluid 
surface ;  or  if  we  take  two  large  rings  or  hoops 
of  nearly  equal  size,  and  place  the  one  within 
the  other  obliquely,  so  that  the  half  of  the  one 
hoop  may  be  above,  and  the  opposite  half 
below  the  other  hoop,  it  will  convey  an  idea 
of  the  inclination  of  a  planet's  orbit  to  the 
plane  of  the  ecliptic.  Thus,  if  the  circle  E  F 
G  H  (Fig.  10)  represent  the  plane  of  the 
earth's  orbit  or  the  ecliptic,  the  circle  ABC 
D  may  represent  the  orbit  of  a  planet  which 
is  inclined  to  it ;  the  semicircle  I A  B  K  being 
below  the  level  of  the  ecliptic,  and  the  othei 
half  or  semicircle  being  above  it.  The  points 
of  intersection  at  I  and  K,  where  the  circles 
cut  one  another,  are  called  the  nodes.  If  the 
planet  is  moving  in  the  direction  AID,  tha 
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point  /,  wheie  it  ascends  above  the  plane,  is 
called  the  ascending  no^e,  and  the  opposite 

Fig.  10. 


point,  K,  the  descending  node.  The  line  IK, 
which  joins  the  nodes,  is  called  the  line  of  the 
nodes,  which,  in  the  different  planetary  orbits, 
points  to  different  parts  of  the  heavens.  It  is 
when  Mercury  and  Venus  are  at  or  near  the 
line  of  the  nodes  that  they  appear  to  make  a 
transit  across  the  sun's  disk.  The  moon's 
orbit  is  inclined  to  the  plane  of  the  earth's 
orbit  in  an  angle  of  about  five  degrees ;  and  it 
is  only  when  the  full  moon  or  change  happens 
at  or  near  the  nodes  that  an  eclipse  can  take 
place,  because  the  sun,  moon,  and  earth  are 
then  nearly  in  the  same  plane ;  at  all  other 
times  of  full  or  change,  the  shadow  of  the 
moon  falls  either  above  or  below  the  earth, 
and  the  shadow  of  the  earth  either  above  or 
below  the  moon.  The  ecliptic  is  supposed  to 
be  divided  into  twelve  signs,  or  360  degrees, 
which  have  received  the  following  names : — 
Aries,  Taurus,  Gemini,  Cancer,  Leo,  Vii^go, 
Libra,  Scorpio,  Sagittarius,  Capricornus, 
Aquarius,  Pisces.  Each  of  these  signs  is 
divided  into  thirty  equal  parts,  called  degrees  ,• 
each  degree  into  sixty  parts,  or  minutes ;  each 
minute  into  sixty  parts,  or  seconds,  «fec. 

Having  stated  the  above  definitions,  which 
it  may  be  useful  to  keep  in  mind  in  our  fur- 
ther discussions,  I  shall  proceed  to  a  particular 
description  of  the  motions  and  other  pheno- 
mena of  Venus. 

General  Appearances  and  apparent  Mo- 
tions of  Venus. — This  planet,  as  already  no- 
ticed, is  only  seen  for  a  short  time,  either  after 
sunset  in  the  evening,  or  in  the  morning 
before  sunrise.  It  has  been  frequently  seen 
by  means  of  the  telescope,  and  sometimes  by 
the  naked  eye,  at  noonday,  but  it  was  never 
seen  at  midnight,  as  all  the  other  planets  may 
be,  with  the  exception  of  Mercury.  It  never 
apppars  to  recede  further  from  the  sun  than 


forty-seven  degrees,  or  about  half  the  distance 
firom  the  horizon  to  the  zenith.  Of  course,  it 
was  never  seen  rising  in  the  east  or  even 
shining  in  the  south  afier  the  sun  had  set  in 
the  west,  as  happens  in  regard  to  all  the 
other  heavenly  bodies,  with  the  exception 
now  stated. 

When  this  planet,  after  emerging  from  the 
solar  rays,  is  first  seen  in  the  evening,  it 
appears  very  nea-  the  horizon  about  twenty 
minutes  after  sunset,  and  continues  visible 
only  for  a  very  short  time,  and  descends 
below  the  horizon  not  far  froin  the  point 
where  the  sun  went  down.  Every  succeeding 
day  its  apparent  distance  from  the  sun  in- 
creases; it  rises  to  a  higher  elevation,  and 
continues  a  longer  time  above  the  horizon. 
Thus  it  appears  to  move  gradually  eastward 
from  the  sun  for  four  or  five  months,  till  it 
arrives  at  the  point  of  its  greatest  elongation, 
which  seldom  exceeds  forty-seven  degrees, 
when  it  appears  for  some  time  stationary; 
after  which  it  appears  to  commence  a  retro- 
grade motion  from  east  to  west,  but  with  a 
much  greater  degree  of  apparent  velocity; 
approaching  every  day  nearer  the  sun,  and 
continuing  a  shorter  time  above  the  horizon, 
till,  in  the  course  of  two  or  three  weeks,  it 
appears  lost  in  the  splendour  of  the  solar  rays, 
and  is  no  longer  seen  in  the  evening  sky  till 
more  than  nine  or  ten  months  have  elapsed. 
About  eight  or  ten  days  after  it  has  disappeared 
in  the  evening,  if  we  look  at  the  eastern  sky  in 
the  morning,  a  httle  before  sunrise,  we  shall 
see  a  bright  star  very  near  the  horizon,  which 
was  not  previously  to  be  seen  in  that  quarter ; 
this  is  the  planet  Venus,  which  has  passed 
its  inferior  conjunction  with  the  sun,  and  has 
now  moved  to  the  westward  of  him,  to  make 
its  appearance  as  the  morning  star.  It  now 
appears  every  succeeding  day  to  move  pretty 
rapidly  from  the  sun  to  the  westward,  till  it 
arrives  at  the  point  of  its  greatest  elongation, 
between  45°  and  48°  distant  from  the  sun, 
when  it  again  appears  stationary;  and  then 
returns  eastward,  with  an  apparently  slow 
motion,  till  it  is  again  immersed  in  the  sun's 
rays,  and  arrives  at  its  superior  conjunction, 
which  happens  after  the  lapse  of  about  nine 
months  from  the  time  of  being  first  seen  in 
the  morning.  But  the  planet  is  not  visible  to 
the  naked  eye  all  this  time  on  account  of  its 
proximity  to  the  sun  when  slowly  approach- 
ing its  superior  conjunction.  After  passing 
this  conjunction  it  soon  after  appears  in  the 
evening,  and  resumes  the  same  course  as 
above  stated.  During  each  of  the  courses 
now  described,  when  viewed  with  a  telescope, 
it  is  seen  to  pass  successively  through  all  the 
phases  of  the  moon,  appearing  gibbous  or 
nearly  round  when  it  is  first  seen  in  the 
evening ;  of  the  form  of  a  half  moon  whea 
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about  the  point  of  its  greatest  elongation;  and 
of  the  figure  of  a  crescent,  gradually  turning 
more  and  more  slender  as  it  approaches  its 
inferior  conjunction  with  the  sun.  Such  are 
the  general  appearances  which  Venus  pre- 
sents to  the  attentive  eye  of  a  common  ob- 
server, the  reasons  of  which  will  appear  from 
the  following  figure  and  explanations. 

Fig.  11. 


Let  the  earth  be  supposed  at  K;  then  when 
Venus  is  in  the  position  marked  A,  it  is  nearly 
in  a  line  with  the  sun  as  seen  from  the  earth, 
in  which  position  it  is  said  to  be  in  its  superior 
conjunction  with  the  sun,  or  beyond  him,  in 
the  remotest  part  of  its  orbit  from  the  earth ; 
in  which  case  the  body  of  the  sun  sometimes 
interposes  between  the  earth  and  Venus ;  at 
other  times  it  is  either  a  little  above  or  below 
the  sun,  according  as  it  happens  to  be  either 
in  north  or  south  latitude.  When  it  is  in 
this  position  the  whole  of  its  enlightened 
hemisphere  is  turned  towards  the  earth.  As 
it  moves  on  its  orbit  from  A  to  B,  which  is 
from  west  to  east,  and  is  called  its  direct  mo- 
tion, it  begins  to  appear  in  the  evening  after 
sunset.  When  it  arrives  at  B,  it  is  seen 
among  the  stars  at  L,  in  which  position  it 
assumes  a  gibbous  phase,  as  a  portion  of  its 
enlightened  hemisphere  is  turned  from  the 
earth.  When  it  arrives  at  C,  it  appears 
among  the  stars  at  ilf,  at  a  still  greater  dis- 
tance from  the  sun,  and  exhibits  a  less  gib- 
bous phase,  approaching  to  that  of  a  half 
moon.  When  arrived  at  D,  it  is  at  the  point 
of  its  gi*eatest  eastern  elongation,  when  it  ap- 
pears like  a  half  moon,  and  is  seen  among  the 
stars  at  N',  it  now  appears  for  some  time 
stationary ;  after  which  it  appears  to  move 
•with  a  rapid  course  in  an  opposite  direction, 
or  from  east  to  west,  during  which  it  presents 
the  form  of  a  crescent,  till  it  approaches  so 
near  the  sun  as  to  be  overpowered  with  the 
splendour  of  his  rays.  When  arrived  at  E, 
it  is  said  to  be  in  its  inferior  conjunction,  and, 
consequently,  nearest  the  earth.  In  this  posi- 
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tion  it  is  just  37  millions  of  miles  from  th« 
earth  ;  whereas,  at  its  superior  conjunction,  it 
is  no  less  than  163  millions  of  miles  from  the 
earth,  for  it  is  then  further  from  us  by  the 
whole  diameter  of  its  orbit,  which  is  136 
millions  of  miles.  This  is  the  reason  why  ii 
appears  much  smaller  at  its  superior  conjunc- 
tion than  when  near  its  inferior ;  although,  in 
the  latter  case,  there  is  only  a  small  crescent 
of  its  light  presented  to  us,  while  in  the  former 
case  its  full  enhghtened  hemisphere  is  turned 
to  the  earth. 

The  following  figure  will  exhibit  more 
distinctly  the  phases  of  this  planet  in  the 
different  parts  of  its  course,  and  the  reason  of 
the  difference  of  its  apparent  magnitude  in 
different  points  of  its  orbit.  At  A  it  is  in  the 
superior  conjunction,  when  it  presents  to  our 
view  a  round  full  face.  At  B  it  appears  as 
an  evening  star,  and  exhibits  a  gibbous  phase, 
somewhat  less  than  a  full  moon.  At  Z)  it 
approaches  somewhat  nearer  to  a  half  moon 
At  E,  near  the  point  of  its  eastern  elongation 

Fig.  12. 


it  appears  like  a  half  moon.  During  all  this 
course  it  moves  from  west  to  east.  From  F 
to  I  it  appears  to  move  in  a  contrary  direc- 
tion, from  east  to  west,  during  which  it  as- 
sumes the  figure  of  a  crescent,  gradually 
diminishing  in  breadth,  but  increasing  in  ex- 
tent, till  it  arrives  at  I,  the  point  of  its  inferior 
conjunction,  when  its  dark  hemisphere  is 
turned  towards  the  earth,  and  is  consequently 
invisible,  being  in  a  situation  similar  to  thai 
of  the  moon  at  the  time  of  change.  It  is  seen 
no  longer  in  the  evenings,  but  soon  appear? 
in  the  morning  under  the  figure  of  a  slender 
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crescent,  and  passes  through  all  the  other 
phases  represented  in  the  diagram,  at  M,  N, 
O,  &c.,  till  it  arrives  again  at  A,  its  superior 
conjunction.  The  earth  is  here  supposed  to 
be  placed  at  K ;  and  if  it  were  at  rest  in  that 
position,  all  the  changes  now  stated  would 
happen  in  the  course  of  224  days.  But  as 
the  earth  is  moving  forward  in  the  same 
direction  as  the  planet,  it  requires  some  con- 
siderable time  before  Venus  can  overtake  the 
earth,  so  as  to  be  in  the  same  position  as 
before  with  respect  to  the  earth  and  the  sun. 
The  time,  therefore,  that  intervenes  between 
the  superior  conjunction  and  the  same  con- 
junction again  is  nearly  584  days,  during 
which  period  Venus  passes  through  all  the 
variety  of  its  motions  and  phases  as  a  morn- 
ing and  evening  star. 

This  diversity  of  motions  and  phases,  as 
formerly  stated,  serves  to  prove  the  truth  of 
the  system,  now  universally  received,  which 
places  the  sun  in  the  centre,  and  the  earth  be- 
yond the  orbit  of  Venus.  In  order  to  illustrate 
this  point  to  the  astronomical  tyro  in  the  most 
convincing  manner,  I  have  frequently  used 
the  following  plan.  With  the  aid  of  a  planeta- 
rium, and  by  means  of  an  ephemeris  or  a 
nautical  almanac,  I  place  the  earth  and  Venus 
in  their  true  positions  on  the  planetarium,  and 
then  desire  the  learner  to  place  his  eye  in  a 
line  with  the  balls  representing  Venus  and 
the  earth,  and  to  mark  the  phase  of  Venus,  as 
seen  from  the  earth,  whether  gibbous,  a  half 
moon,  or  a  crescent.  I  then  adjust  an  equa- 
torial telescope  (if  the  observation  be  in  the 
daytime),  and,  pointing  it  to  Venus,  show 
him  this  planet  with  the  same  phase  in  the 
heavens  ;  an  experiment  which  never  fails  to 
please  and  to  produce  conviction. 

It  has  generally  been  asserted  by  astrono- 
mers that  it  is  impossible  to  see  Venus  at  the 
time  of  its  superior  conjunction  with  the  sun. 
Mr.  Benjamin  Martin,  in  his  "  Gentleman 
and  Lady's  Philosophy,"  vol.  i.,  says,  "At 
and  about  her  upper  conjunction  Venus  can- 
not be  seen,  by  reason  of  her  nearness  to  the 
sun."  And  in  his  "  Philosophia  Britannica," 
vol.  iii.,  the  same  opinion  is  expressed :  "  At 
her  superior  conjunction  Venus  would  appear 
a  full  enlightened  hemisphere,  were  it  not 
that  she  is  then  lost  in  the  sun*s  blaze,  or 
hidden  behind  his  body."  Dr.  Long,  in  his 
"Astronomy,"  vol.  i.,  says,  "Venus,  in  her 
superior  conjunction,  if  she  could  be  seen, 
would  appear  round  like  the  full  moon."  Dr. 
Brewster,  in  the  article  of  Astronomy  in  the 
«  Edinburgh  Encyclopedia,"  when  describing 
the  phases  of  Mercury  and  Venus,  says, 
"Their  luminous  side  is  completely  turned 
to  the  earth  at  the  time  of  their  superior  con- 
junction, when  they  would  appear  like  the 
full  moon,  if  they  were  not  then  eclipsed  by 


the  rays  of  the  simJ''  The  same  opinion  is 
expressed  in  similar  phrases  by  Ferguson, 
Gregory,  Adams,  Gravesend,  and  most  other 
writers  on  the  science  of  astronomy,  and  has 
been  copied  by  all  subsequent  compilers  of 
treatises  on  this  subject.  In  order  to  deter- 
mine this  point,  along  with  several  others,  T 
commenced,  in  1813,  a  series  of  observations 
on  the  celestial  bodies  in  the  daytime,  by 
means  of  an  equatorial  instrument.  On  the 
5th  of  June  that  year,  a  little  before  midday, 
when  the  sun  was  shining  bright,  I  saw  Venus 
distinctly  with  a  magnifying  power  of  sixty 
times,  and  a  few  minutes  afterward  with  a 
power  of  thirty,  and  even  with  a  power  of 
fifteen  times.  At  this  time  the  planet  was 
just  3°  in  longitude  and  about  13'  in  time 
east  of  the  sun's  centre,  and,  of  course,  only 
2|*^  from  the  sun^s  limb.  Cloudy  weather  pre- 
vented observations  when  Venus  was  nearer 
the  sun.*  On  the  16th  of  October,  1819,  an 
observation  was  made,  in  which  Venus  was 
seen  when  only  six  days  and  nineteen  hours 
past  the  time  of  her  superior  conjunction. 
Her  distance  from  the  sun's  eastern  limb  was 
then  only  1°  28'  42''.  A  subsequent  observa- 
tion proved  that  she  could  be  seen  when  only 
1°  27'  fiom  the  sun's  margin,  which  approxi- 
mates to  the  nearest  distance  from  the  sun  at 
which  Venus  is  distinctly  visible.  About  the 
tenth  of  March,  1826,  I  had  a  glimpse  of  this 
planet  within  a  few  hours  of  its  superior 
c|ki;ijunction,  but  the  interposition  of  clouds 
prevented  any  particular  or  continued  ob- 
servations. It  was  then  about  1°  25^'  from 
the  sun's  centre.  Observations  were  likewise 
made  to  determine  how  near  its  inferior  con- 
junction this  planet  may  be  seen.  The  fol- 
lowing is  the  observation  in  which  it  was  seen 
nearest  to  the  sun.  On  March  1 1th,  1822,  at 
thirty  minutes  past  twelve,  noon,  the  planet 
being  only  thirty-five  hours  past  the  point  of 
its  inferior  conjunction,  I  perceived  the  cres- 
cent of  Venus  by  means  of  an  equatorial 
telescope,  magnifying  about  seventy  times. 
It  appeared  extremely  slender,  but  distinct 
and  well-defined,  and  apparently  of  a  larger 
curve  than  that  of  the  lunar  crescent  when 


♦  The  particulars  connected  with  this  observa 
tion,  and  with  those  made  on  the  other  planets, 
and  on  stars  of  the  first  and  second  magnitudes, 
together  with  a  description  of  the  instrument,  and 
the  manner  of  makin^  day  obsHrvations,  are  re- 
corded in  Nicholson's  "  Joiirnnl  of  Natural  Philo- 
sophy," &c.,  for  October,  1813,  vol.  xxxvi.  p.  109 
to  128,  in  a  communication  which  occupies  about 
twenty  pages  j  and  also,  in  an  abridged  form,  in 
the  "Monthly  Magazine,"  "Annals  of  Philoso- 
phy," and  other  periodical  journnis  of  that  period. 
During  the  succeeding  winter  the  celebrated  Mr. 
Playfair,  professor  of  natural  philosophy  in  the 
university  of  Edinburgh,  communicafed,  in  hii 
lectures  to  the  students,  the  principal  details  con- 
tained in  that  communication  as  new  facts  in 
astronomical  science. 
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the  moon  is  about  two  days  old.  The  differ- 
ence of  longitude  between  the  sun  and  Venus 
at  that  time  was  about  2°  19'.  A  gentleman 
who  happened  to  be  present  perceived  the 
same  phenomenon  with  the  utmost  ease  and 
with  perfect  distinctness.* 

From  the  above  observations,  the  following 
conclusions  are  deduced  :  1.  That  Venus  may- 
be distinctly  seen  at  the  moment  of  her  supe- 
rior conjunction,  with  a  moderate  magnifying 
power,  when  her  geocentric  latitude-)-  at  the 
time  of  conjunction  exceeds  1^°,  or,  at  most, 
1°  43^  2.  That  during  the  space  of  584 
days,  or  about  nineteen  months,  the  time 
Venus  takes  in  moving  from  one  conjunction 
of  the  sun  to  a  like  conjunction  again,  when 
her  latitude  at  the  time  of  her  superior  con- 
junction exceeds  1°  43',  she  may  be  seen  by 
means  of  an  equatorial  telescope  every  clear 
day  without  interruption^  except  at  the  mo- 
ment of  her  inferior  conjunction,  and  a  very 
short  time  before  and  after  it,  a  circumstance 
which  cannot  be  affirmed  of  any  other  celes- 
tial body,  the  sun  only  excepted.  3.  That 
from  the  time  when  Venus  ceases  to  be  visible, 
prior  to  her  inferior  conjunction,  on  account 
of  the  smallness  of  her  crescent  and  her  prox- 
imity to  the  sun,  to  the  moment  when  she 
may  again  be  perceived  in  the  daytime  by  an 
equatorial  telescope,  there  elapses  a  period  of 
only  two  days  and  twenty-two  hours ;  or,  in 
other  words,  Venus  can  never  be  hidden  from 
our  view  about  the  time  of  her  inferior  con- 
junction for  a  longer  period  than  seventy 
hours.  4.  That,  during  the  space  of  584 
days,  the  longest  period  in  which  Venus  can 
be  hidden  from  our  view  under  any  circum- 
stances, excepting  a  cloudy  atmosphere,  is 
about  sixteen  days  and  a  half.  During  the 
same  period,  this  planet  sometimes  will  be 
hidden  from  the  view  of  a  common  observer 
for  the  space  of  five  or  six  months. 

One  practical  use  of  the  above  observations 
is,  that  they  may  lead  to  the  determination  of 
the  difference  (if  any)  between  the  polar 
and  equatorial  diameters  of  this  planet,  which 
point  has  never  yet  been  determined.  It  is 
well  known  that  the  earth  is  of  a  spheroidal 

*  The  observations  stated  above  are  also  re- 
corded in  scientific  journals.  Ttie  observation  of 
the  16th  October,  1819,  is  recorded  in  the  "Edin- 
burgh Philosophical  Journal,"  No.  V.,  for  July, 
1820,  p.  191,  192;  and  in  Dr.  Brewster's  second 
edition  of  "Ferguson's  Astronomy,"  vol.  ii.  p. 
Ill  ;  in  the  "Monthly  Maerazine"  for  August,  1820, 
vol.  i.  p.  62.  The  observation  of  March  11,  1822, 
made  on  Venus  when  near  the  inferior  conjunc- 
tion, is  recorded  at  large  in  the  "  Edinburgh  Philo- 
sophical Journal,"  No.  XIII.,  July,  1822,  p.  177, 
178,  &c. 

t  The  latitude  of  a  heavenly  body  is  its  distance 
from  the  ecliptic,  or  the  apparent  path  of  the  sun, 
either  north  or  south.  Its  geocentric  latitude  is  its 
Fatiiude  as  seen  from  the  earth.  Its  heliocentric 
latitude  is  its  latitude  as  viewed  from  the  sun. 
llietsj  latitudes  seldom  coincide. 
(382) 


figure,  having  its  polar  shorter  than  its  equs^ 
torial  diameter.  Jupiter,  Mars,  and  Saturn 
have  also  been  ascertained  to  be  oblate  sphe- 
roids, and  the  proportion  between  their  equa- 
torial and  polar  diameters  has  been  pretty 
accurately  determined.  As  Venus  is  found 
to  have  a  rotation  round  her  axis,  as  these 
planets  have,  it  is  reasonable  to  conclude  that 
she  is  of  a  similar  figure.  It  is  impossible, 
however,  to  determine  this  point  when  she  is 
in  those  positions  in  which  she  has  generally 
been  viewed ;  as  at  such  times  she  assumes 
either  a  gibbous  phase,  the  form  of  a  half 
moon,  or  that  of  a  crescent,  in  neither  of 
which  cases  can  the  two  diameters  be  mea- 
sured. I  am  therefore  of  opinion  that,  at 
some  future  conjunction,  when  her  geocentric 
latitude  is  considerable,  with  a  telescope  of  a 
high  magnifying  power,  furnished  with  a  mi- 
crometer, this  point  might  be  ascertained.  If 
the  planet  is  then  viewed  at  a  high  latitude, 
and  the  sky  serene,  its  disk  will  appear  suffi- 
ciently luminous  and  well  defined  for  this  pur- 
pose ;  free  of  that  glare  and  tremulous  aspect 
it  generally  exhibits  when  near  the  horizon, 
which  makes  it  appear  larger  than  it  ouglit  to 
do,  and  prevents  its  margin  from  being  accu- 
rately dsitino-uished. 

Such  observations  require  a  considerable 
degree  of  attention  and  care,  and  various  con- 
trivances for  occasionally  diminishing  the  aper- 
ture of  the  object  glass,  and  for  preventing 
the  direct  rays  of  the  sun  from  entering  the 
tube  of  the  telescope.  In  order  to  view  this 
planet  to  advantage  at  any  future  conjunction, 
when  in  south  latitude,  it  will  be  proper  to 
fix  a  board,  or  any  other  thin  opaque  sub- 
stance, at  a  considerable  distance  beyond  the 
object  end  of  the  telescope,  having  such  a  de- 
gree of  concave  curvature  as  shall  nearly  cor- 
respond with  a  segment  of  the  diurnal  arc  at 
that  time  described  by  the  sun,  with  its  lowei 
concave  edge  at  an  elevation  a  small  degree 
above  the  line  of  collimation  of  the  telescope, 
when  adj  usted  for  viewing  the  planet,  in  ordej 
to  intercept  as  much  as  possible  the  solar  rays. 
When  the  planet  is  in  north  latitude,  the 
curvature  of  the  board  must  be  made  convex^ 
and  placed  a  little  below  the  line  of  sight. 
Fig.  13. 


The  above  figure  will  illustrate  my  idea 
where  A  B  (Fig.  13,)  represents  the  covicave 
curve  of  the  board  to  be  used  when  the  planel 
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is  in  south  latitude;   C  D,  a  segment  of  the  April  20th,  1667,  about  fifteen  minutes  beforo 

apparent  diurnal  path  of  the  planet ;  and  E  F,  sunrise,  when  he  saw  upon  the  disk,  now  half 

a  segment  of  the  sun's  diurnal  arc.     Fig  14,  enlightened,  a  bright  part,  distant  from  the 

represents  the  board   to  be   used  when  the  southern  edge  about  a  fourth  part  of  the  di- 


Fig.  14. 

o-o- 


planet  is  in  north  latitude,  which  requires  no 
further  description.  I  have  given  the  above 
brief  statement  of  the  observations  on  Venus 
because  they  are  not  yet  generally  known, 
and  because  compilers  of  elementary  books 
on  astronomy  still  reiterate  the  vague  and  un- 
founded assertion  that  it  is  impossible  to  see 
this  planet  at  its  superior  conjunction,  when  it 
presents  a  full  enlightened  hemisphere.  The 
circumstance  now  ascertained  may  not  be 
considered  as  a  fact  of  much  importance  in 
astronomy.  It  is  always  useful,  however,  in 
every  department  of  science,  to  ascertain  every 
fact  connected  with  its  principles,  however 
circumstantial  and  minute,  as  it  tends  to  give 
precision  to  its  language;  as  it  enables  the 
mind  to  take  into  view  every  particular  which 
has  the  least  bearing  on  any  object  of  investi- 
gation; and  as  it  may  ultimately  promote  its 
progress  by  leading  to  conclusions  which  were 
not  at  first  apprehended.  One  of  these  con- 
clusions or  practical  uses  has  been  stated 
above ;  and  another  conclusion  is,  that  such 
observations  as  now  referred  to  may  possibly 
lead  to  the  discovery  of  planets  yet  unknown 
within  the  orbit  of  Mercury,  which  circum- 
stance I  shall  take  occasion  more  particularly 
to  explain  in  the  sequel. 

Discoveries  made  hy  the  telescope  in  rela- 
tion to  Venus. — The  first  circumstance  which 
attracted  the  attention  of  astronomers  after 
the  invention  of  the  telescope,  was,  the  variety 
of  phases  which  Venus  appeared  to  assume, 
of  which  I  have  already  given  a  description. 
Nothing  further  was  observed  to  distinguish 
this  planet  till  more  than  half  a  century  had 
elapsed,  when  Cassini,  a  celebrated  French 
astronomer,  in  the  years  1666-7,  discovered 
some  spots  on  its  surface,  by  which  he  endea- 
voured to  ascertain  the  period  of  its  revolu- 
tion round  its  axis.  October,  14th,  1666,  at 
five  bours  forty-five  minutes,  p.  ivr.,  he  saw  a 
bright  spot  near  the  limits  between  the  light 
and  the  dark  side  of  the  planet,  not  far  from  its 
centre ;  at  the  same  time  he  noticed  two  dark 
oblong  spots  near  the  west  side  of  the  disk, 
as  represented  Fig.  15.  After  this  he  could 
obtain   no   satisfactory   views   of  Venus   till 


ameter  of  the  disk,  and  near  the  eastern  edge. 
He    saw,   likewise,   a    darkish   oblong    spot 
towards  the  northern  edge,  as   in  Fig.  16. 
Fig.  15.  Fig.  16. 


At  sunrise  he  perceived  that  the  bright  part 
was  advanced  farther  from  the  southern  point 
than  when  he  first  observed  it,  as  at  Fig.  17, 
when  he  had  the  satisfaction  of  finding  an 
evident  proof  of  the  planet's  motion.  On  the 
next  day,  at  sunrise,  the  bright  spot  was  a 
good  way  off  the  section,  and  distant  from  the 
southern  point  a  fourth  part  of  the  diameter 
of  the  disk.  When  the  sun  had  risen  six  de- 
grees above  the  horizon  the  spot  had  got  be- 
yond the  centre.  When  the  sun  had  risen 
seven  degrees  the  section  cut  it  in  halves,  as  in 
Fig.  18,  which  showed  its  motion  to  hav? 
some  inclination  towards  the  centre.*     Seve 


Fig.  17. 


Fig.  18. 


ral  observations  of  a  similar  kind  were  made 
about  that  time,  which  led  Cassini  to  the  con- 
clusion that  the  planet  revolves  about  its  axis 
in  a  period  somewhat  more  than  twenty- three 
hours.  From  this  time,  for  nearly  sixty  years, 
we  have  no  further  accounts  of  spots  having 
been  observed  on  the  disk  of  Venu«. 

In  the  year  1726,  Bianchini,  with  telescopes 
of  90  and  100  Roman  palms,  commenced  a 
series  of  observations  on  Venus,  r.nd  published 
an  account  of  them  in  a  book  entitled,  "  Hes- 

*  See  "Philosophical  Transactions,"  abridged 
by  Drs,  Hutton,  Shaw^,  and  Pearson,  vol,  i.  part 
11,  p.  217;  ".lournal  des  Savans,''  vol,  i,  p.  216; 
and  '■'■Mej".  aires  of  the  Royal  Academy  of  Sciences 
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veri  et  Pkosphori  nova  Phenomenal*  In 
iiese  observations,  we  do  not  find  that  anv 
*ne  of  them  was  continued  long  enough  to 
discover  any  change  of  position  in  the  spots  at 
the  end  of  the  observation  from  what  there 
was  at  the  beginning  ;  bnt  at  the  distance  of 
two  and  of  four  days  he  found  the  same  spot 
advanced  so  far  that  he  concluded  it  must 
have  gone  round  at  the  rate  of  16°  in  a  day. 
This  advance  v/ou Id  show  that  Venus  turned 
round  either  once  in  about  twenty-four  days 
or  in  little  more  than  twenty-three  hours,  but 
would  not  determine  which  of  these  was  the 
true  period.  For,  if  an  observer  at  a  given 
hour,  suppose  seven  in  the  evening,  were  to 
mark  the  exact  place  of  a  spot,  and  at  the 
same  hour  on  the  next  day  find  the  spot  ad- 
vanced 150,  he  would  not  be  able  to  determine 
whether  the  spot,  during  that  interval  of 
twenty -four  hours  had  advanced  forward  only 
15°,  or  had  finished  a  revolution,  and  15° 
more  as  part  of  another  rotation.*  Of  these 
two  periods  Bianchini  concluded  that  the  ro- 
tation was  accomplished  in  twenty -four  days, 
eight  hours.  The  following  is  the  chief,  if 
not  the  only  observation,  he  brings  forward  to 
substantiate  his  conclusion.  He  saw  three 
spots,  Jf  B,  C,  in  the  situation  represented  in 
Fig.    19,  which  he    and   several  persons  of 

Fig.  19. 


distinction  viewed  for  about  an  hour,  when 
they  could  discover  no  change  of  place  in 
their  appearance.  Venus  being  hidden  be- 
hind the  Barbarini  palace,  their  view  was  in- 
terrupted for  nearly  three  hours,  at  the  end  of 
which  they  found  that  the  spots  had  not  sensi- 
bly changed  their  situation.  But  the  inference 
from  this  observation  is  not  conclusive  for  the 
period  of  twenty-four  days  eight  hours.  For, 
during  the  three  hours  interruption,  the  spot 
C  might  have  gone  off  the  disk,  and  the  spot 
B  moved  into  its  place,  where,  being  near  the 
edge,  it  would  appear  less  than  when  in  the 
middle ;  A,  succeeding  into  the  place  of  By 
would  appear  larger  than  it  did  near  the  edge, 
and  another  spot  might  have  come  into  the 
pla'ce  of  A.  For  that  there  were  other  spots, 
particularly  one  which,  by  the  rotation  of  Ve- 
nus, would  have  been  brought  into  the  place 

*  See  some  particular  remarks  on  this  subject, 
Klustrated  with  a  figure,  in  my  volume  "  On  the 
Improvement  of  Society,"  section  ill. 
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of  A,  appears  by  the  figures  given  by  Bian- 
chini ;  and,  if  so,  it  would  correspond  with 
the  rotation  of  twenty-three  hours  twenty 
minutes  deduced  by  Cassini.  Besides,  it  is 
impossible  to  make  observations  on  Venus 
for  three  or  four  hours  in  succession,  as  is 
here  supposed,  without  the  help  of  equatorial 
instruments,  which  were  not  then  in  use,  as 
this  planet  is  seldom  more  than  three  hours 
above  the  horizon  after  sunset ;  and  when  it 
descends  within  8°  or  10°  of  the  horizon,  it  is 
impossible  to  see  its  surface  with  any  degree 
of  distinctness,  on  account  of  the  brilliancy 
of  its  light,  and  the  undulating  vapours  near 
the  horizon,  which,  in  some  cases,  prevent 
even  its  phase  from  being  accurately  distin- 
guished. In  the  communication  in  "  Nichol- 
son's Journal"  for  1813,  already  referred  to,  I 
have  shown  how  the  dispute  in  reference  to 
the  rotation  of  Venus  may  be  settled  by  com- 
mencing a  series  of  observations  on  this  planet 
in  the  daytime,  when  its  spots,  if  any  were 
perceived,  could  be  traced  in  their  motion  for 
twelve  hours  or  more.  Mr.  Ferguson,  in  his 
astronomy,  by  adopting  the  conclusion  of  Bi- 
anchini, has  occupied  a  number  of  pages  in 
describing  the  phenomena  onVenus  on  this  sup- 
position, which  description  is  altogether  useless, 
and  conveys  erroneous  ideas  of  the  circum- 
stances connected  with  this  planet,  if  the  period 
determined  by  Cassini  (as  is  most  probable)  he 
correct. 

Mr.  Schroeter,  formerly  mentioned,  who  has 
been  a  most  diligent  and  accurate  observer  of 
the  heavens,  commenced  a  series  of  observa* 
tions  in  order  to  determine  the  daily  period  of 
this  planet.  He  observed  particularly  the 
different  shapes  of  the  two  horns  of  Venus. 
Their  appearance  generally  varied  in  a  few 
hours,  and  became  nearly  the  same  at  the  cor- 
responding time  of  the  subsequent  day,  or, 
rather,  about  half  an  hour  sooner  every  day. 
Hence  he  concluded  that  the  period  must  be 
about  twenty-three  hours  and  a  half;  that  the 
equator  of  the  planet  is  considerably  inchned 
to  the  ecliptic,  and  its  pole  at  a  considerable 
distance  from  the  point  of  the  horn.  From 
several  observations  of  this  kind  he  found  that 
the  period  of  rotation  must  be  twenty -three 
hours,  twenty-one  minutes,  or  only  one  minute 
more  than  had  been  assigned  by  Cassini ;  and 
this,  we  have  reason  to  believe,  is  about  the 
true  period  of  this  planet's  revolution  round 
its  axis,  being  thirty-five  minutes  less  than 
the  period  of  the  earth's  rotation,  which  is 
twenty-three  hours,  fifty- six  minutes.  I  have 
stated  these  observations  respecting  the  rota- 
tion of  Venus  at  some  length,  because  they 
are  not  generally  known  to  common  readers 
on  this  subject,  or  noticed  in  modern' ele- 
mentary books  on  astronomy,  and  that  the 
general  reader  may  perceive  the  reason  of  tho 
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dispute  which  has  arisen  among  astronomers 
on  this  point. 

Mountains  on  Venus. — Mr.  Schroeter,  in 
his  observations,  discovered  several  mountains 
on  this  planet,  and  found  tliat,  Uke  those  of 
the  moon,  they  were  always  highest  in  the 
southern  hemisphere  ;  their  perpendicular 
heights  being  nearly  as  the  diameters  of  their 
respective  planets.  From  the  11th  of  De- 
cember, 1789,  to  the  11th  of  January,  1790, 
the  southern  horn,  h    (Fig.  30),    appeared 


Fig.  20. 


Fig.  31. 


much  blunted,  with  an  enlightened  mountain, 
m,  in  the  dark  hemisphere,  which  he  estimated 
at  about  18,300  toises,  or  nearly  twenty-two 
miles  in  perpendicular  height.  It  is  quite  ob- 
vious that  if  such  a  bright  spot  as  here  repre- 
sented was  regularly  or  periodically  seen,  it 
miist  indicate  a  very  high  elevation  on  the 
surface  of  the  planet,  and  its  precise  height 
will  depend  upon  its  distance  from  the  illumi- 
nated portion  of  the  disk,  or,  in  other  words, 
the  length  of  its  shadow.  It  is  precisely  in 
such  a  way  that  the  mountains  in  the  moon 
are  distinguished.  Mr.  Schroeter  measured 
the  altitude  of  other  three  mountains,  and  ob- 
tained the  following  results :  height  of  the 
iSrst,  nineteen  miles,  or  about  five  times  the 
height  of  Chimborazo  ;  height  of  the  second, 
eleven  miles  and  a  half;  and  of  the  third,  ten 
miles  and  three  quarters.  These  estimates 
may,  perhaps,  require  certain  corrections  in 
future  observations. 

Atmosphere  of  Venus. — From  several  of 
Mr.  Schroeter's  observations,  he  concludes  that 
.Venus  has  an  atmosphere  of.  considerable  ex- 
tent. On  the  tenth  of  September,  1791,  J^e 
observed  that  the  southern  cusp  of  Venus  dis- 
appeared, and  was  bent  like  a  hook  about 
eight  seconds  beyond  the  luminous  semicircle 
into  the  dark  hemisphere.  The  northern  cusp 
had  the  same  tapering  termination,  but  did 
not  encroach  upon  the  dark  part  of  the  disk. 
A  streak,  however,  of  glimmering  bluish  light 
proceeded  about  eight  seconds  along  the  dark 
line,  from  the  point  of  the  cusp,  from  ^  to  c 
49 


(Fig.  21),  h  being  the  extremity  of  the  di- 
ameter of  a  b,  and  consequently,  the  natural 
termination  of  the  cusp.  The  streak  h  c, 
verging  to  a  pale  gray,  was  famt  when  com- 
pared with  the  light  of  the  cusp  at  h.  I  waf» 
struck  with  a  similar  appearance  when  ob- 
serving Venus,  when  only  thirty-five  hours 
past  her  inferior  conjunction,  on  March  11, 
1822,  as  formerly  noticed,  (p.  39).  One  of 
the  cusps,  at  least,  appeared  to  project  into  the 
dark  hemisphere,  like  a  fine  lucid  thread,  be- 
yond the  luminous  semicircle.  This  pheno- 
menon ]Mr.  Schroeter  considers  as  the  twilight, 
or  crepuscular  light  of  Venus.  From  these 
and  various  other  observations,  which  it  would 
be  too  tedious  to  detail,  he  concludes,  on  the 
ground  of  various  calculations,  that  the  dense 
part  of  the  atmosphere  of  Venus  is  about  16, 
020  feet,  or  somewhat  above  three  miles  high ; 
that  it  must  rise  far  above  the  highest  moun- 
tains ;  that  it  is  more  opaque  than  that  of  the 
moon;  and  that  its  density  is  a  suflicien*.  rea- 
son why  we  do  not  discover  on  the  surface  of 
Venus  those  superficial  shades  and  varieties 
of  appearance  which  are  to  be  seen  on  the 
other  planets 

Day  Observations  on  Venus. — The  most 
distinct  and  satisfactory  views  I  have  ever  ob- 
tained of  this  planet  were  taken  at  noonday, 
or  between  the  hours  of  ten  in  the  morning 
and  two  in  the  afternoon,  when  it  happened  to 
be  at  a  high  elevation  above  the  horizon, 
which  is  generally  the  case  during  the  sum- 
mer months.  The  light  of  this  planet  is  so 
brilliant,  that  its  surface  and  margin  seldom 
appear  well  defined  in  the  evening,  even  with 
the  best  telescopes.  But  in  the  daytime  its 
disk  and  margin  present  a  sharp  and  well-de- 
fined aspect  with  a  good  achromatic  telescope, 
and  almost  completely  free  of  those  undula- 
tions which  obscure  its  surface  when  near  the 
horizon.  The  following  figure  (No  1 )  repre- 
sents one  of  the  appearances  of  Venus  which 
I  have  frequently  seen  in  the  daytime  when 
viewing  this  planet  at  a  high  altitude  and  in 
a  serene  sky,  when  near  the  meridian,  by 
means  of  a  three-and-a-half  feet  achromatic 
telescope,  magnifying  about  150  times. 
Fig.  23. 


The  exterior  curve  of  the  plan©t>  as  hew 
2  K  38&V 
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exhibited,  appeared  far  more  lucid  and  bright 
than  the  interior  portion.  It  was  not  a  mere 
stripe  or  luminous  margin,  but  a  broad  semi- 
circle, of  a  breadth  nearly  one  third  of  the 
semidiameter  of  the  planet.  It  appeared  as 
if  it  were  a  kind  of  table-land,  or  a  more  ele- 
vated portion  of  the  planet's  surface,  while  the 
interior  and  darker  part  appeared  more  like  a 
plain,  diversified  with  inequalities,  and  two 
large  spots,  somewhat  darker  than  the  other 
parts,  were  faintly  marked.  The  appearance 
was  somewhat  similar  to  that  of  certain  por- 
tions of  the  level  parts  of  the  moon  which  lie 
adjacent  to  a  ridge  of  mountains  or  a  range  of 
elevated  ground.  I  have  exhibited  this  view 
of  Yenus  at  different  times  to  various  indivi- 
duals, and  even  those  not  accustomed  to  look 
through  telescopes  could  plainly  perceive  it. 
I  consider  it  as  a  corroboration  of  the  fact,  that 
mountains  of  great  elevation  exist  on  the  sur- 
face of  this  planet.  There  appeared  likewise 
some  slight  indentations  in  the  boundary 
which  separated  the  dark  from  the  enlightened 
hemisphere,  which  circumstance  leads  to  the 
same  conclusions.  If  the  whole  hemisphere 
of  the  planet  had  been  enlightened,  it  would 
propably  have  appeared  as  in  No.  2.  On  the 
whole,  I  am  of  opinion  that  future  discoveries 
m  relation  to  Yenus  will  be  chiefly  made  in 
the  daytime,  by  large  telescopes  adapted  to 
equatorial  machinery,  when  such  instruments 
shall  be  brought  into  use  more  than  they  have 
hitherto  been.  Venus,  however,  is  the  only 
planet  on  which  useful  observations  can  be 
made  in  the  daytime  ;  for  although  several  of 
the  other  planets  can  be  perceived,  even  at 
noonday,  particularly  Jupiter,  yet  they  present 
a  very  obscure  and  cloudy  appearance  com- 
pared with  Venus,  on  account  of  the  compa- 
ratively small  quantity  of  solar  light  which 
falls  upon  their  surfaces. 

Supposed  Satellite  of  Venus. — Several  as- 
tronomers have  been  of  opinion  that  Venus  is 
attended  with  a  satellite,  although  it  is  seldom 
to  be  seen.  It  may  not  be  improper  to  give 
the  reader  an  abridged  view  of  the  observa- 
tions on  which  this  opinion  is  founded,  that 
he  may  be  able  to  judge  for  himself.  The 
celebrated  Cassini,  who  discovered  the  rota- 
tion of  Mars,  Jupiter,  and  Venus,  and  four  of 
the  satellites  of  Saturn,  was  the  first  who 
broached  this  opinion.  The  following  is  his 
account  of  the  observations  on  which  it  is 
founded : 

"  1686,  August  18,  at  fifteen  minutes  past 
four  in  the  morning,  looking  at  Venus  with  a 
telescope  of  thirty -four  feet,  I  saw  at  the  dis- 
tan  2e  of  three  fifths  of  her  diameter,  eastward, 
a  luminous  appearance,  of  a  shape  not  well 
defined,  that  seemed  to  have  the  same  phase 
with  Venus,  which  was  then  gibbous  on  the 
western  side.  The  diameter  of  this  phenome* 
r386) 


non  was  nearly  equal  to  a  fourth  part  of  the 
diameter  of  Venus.  I  observed  it  attentively 
for  a  quarter  of  an  hour,  and,  having  left  off 
looking  at  it  for  four  or  five  minutes,  I  saw  it 
no  more ;  but  daylight  was  then  advanced, 
I  had  seen  a  like  phenomenon,  which  resem- 
bled the  phase  of  Venus,  on  January  25tb, 
1672,  from  fifty -two  minutes  after  six  in  the 
morning  to  two  minutes  after  seven,  when  the 
brightness  of  the  twilight  caused  it  to  disap- 
pear. Venus  was  then  horned,  and  this  phe- 
nomenon, the  diameter  of  which  was  nearly 
a  fourth  part  of  the  diameter  of  Venus  was  of 
the  same  shape.  It  was  distant  from  the  south- 
ern horn  of  Venus,  a  diameter  of  Venus  on  the 
western  side.  In  these  two  observations  I 
was  in  doubt  whether  it  was  not  a  satellite 
of  Venus,  of  such  a  consistence  as  not  to  be 
very  well  fitted  to  reflect  the  light  of  the  sun, 
and  which,  in  magnitude,  bore  nearly  the  same 
proportion  to  Venus  as  the  moon  does  to 
the  earth,  being  at  the  same  distance  from  the 
sun  and  the  earth  as  Venus  was,  the  phases 
of  which  it  resembled." 

In  the  year  1740,  October  23,  at  sunrise, 
Mr.  Short,  with  a  reflecting  telescope  of  six" 
teen  inches  and  a  half,  which  magnified  about 
sixty  times,  perceived  a  small  star  at  the  dis- 
tance of  about  ten  seconds  from  Venus;  and, 
putting  on  a  magnifying  pov/er  of  240  times, 
he  found  the  star  put  on  the  phase  of  Venus, 
He  tried  another  magnifying  power  of  140 
times,  and  even  then  found  the  star  to  have 
the  same  phase.  Its  diameter  seemed  about 
a  third  of  the  diameter  of  Venus.  Its  light 
was  not  so  bright  or  vivid,  but  exceedingly 
sharp  and  well  defined.  A  line  passing 
through  the  centre  of  Venus  and  it  made  an 
angle  with  the  equator  of  about  twenty  de- 
grees. He  saw  it,  for  the  space  of  an  hour, 
several  times  that  morning  ;  but,  the  light  of 
the  sun  increasing,  he  lost  it  about  a  quarter 
of  an  hour  after  eight.  He  says  he  looked  for 
it  every  clear  morning  after  this,  but  never 
saw  it  again.* 

A  similar  phenomenon  is  described  as 
having  been  seen  by  Baudouin,  Montaigne, 
Rodkier,  Montbarron,  and  other  astronomers, 
and,  from  their  observations,  the  celebrated 
M.  Lambert,  in  the  "  Memoirs  of  the  Academ}^ 
of  Berlin"  for  1773,  gave  a  theory  of  the 
satellite  of  Venus,  in  which  he  concludes  that 
its  period  is  eleven  days,  five  hours,  and  thir- 
teen minutes;  the  inclination  of  its  orbit  to 
the  ecliptic,  63|°  ;  its  distance  firom  Venus, 
66^  radii  of  that  planet ;  and  its  magnitude, 
4-27  of  that  of  Venus,  or  nearly  equal  to  that 
of  our  moon.  There  is  a  singular  consistency 
in  these  observations,  which  it  is  difficult  to 
account  for  if  Venus  have  no  satellite.  Astro- 

*  "  Philosophical  Transacticns,"  No.  459,  for 
January,  February  and  March,  1741. 
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Romers  expected  that  such  a  body,  if  it  exist- 
ed, would  be  seen  as  a  small  dark  spot  upon 
the  sun  at  the  time  of  the  transits  of  Venus  in 
1761  and  1769;  but  no  such  phenomenon 
seems  to  have  been  noticed  at  those  times  by 
any  of  the  observers.  Lambert,  however, 
maintains,  from  the  tables  he  calculated  in  re- 
lation to  this  body,  that  the  satellite,  if  it  did 
exist,  might  not  have  passed  over  the  sun^s 
disk  at  the  time  of  the  transits,  but  he  expected 
that  it  might  be  seen  alone  on  the  sun  when 
Venus  passed  near  that  luminary. 

The  following  is  a  particular  account  of  the 
observations  made  by  Mr.  Montaigne  : — May 
3,  1760,  he  perceived,  at  twenty  minutes  dis- 
stances  from  Venus,  a  small  crescent,  with 
the  horns  pointing  the  same  way  as  those  of 
Venus.  Its  diameter  was  a  fourth  of  that  of 
its  primary  ;  and  a  line  drawn  from  Venus  to 
the  sateUite  made,  below  Venus,  an  angle 
with  the  vertical  of  about  twenty  degrees  to- 
wards the  south,  as  in  Fig.  22,  No.  3,  where 
Z  N  represents  the  vertical,  and  E  C  o.  paral- 
Fig.  22.— No.  3. 
North. 


South. 
h\  to  the  ecliptic,  making  then  an  angle  with 
the  vertical  of  forty-five  degrees.  The  num- 
bers 3,  4,  7,  1  i  mark  the  situations  of  the  sa- 
tellite on  the  respective  days.  May  4th,  at 
the  same  hour,  he  saw  the  same  star,  distant 
from  Venus  about  one  minute  more  than  be- 
fore, and  making  an  angle  with  the  vertical  of 
ten  degrees  below,  but  on  the  north  side ;  so 
that  the  satellite  seemed  to  have  described  an 
arc  of  about  thirty  degrees,  whereof  Venus 
was  the  centre,  and  the  radius  twenty  minutes. 
The  two  following  nights  being  hazy,  Venus 
could  not  be  seen.  But  May  7th,  at  the  same 
hour  as  on  the  preceding  days,  he  saw  the 
satellite  again,  but  above  Venus,  and  on  the 
north  side,  as  represented  at  7,  between  twen- 
ty-five and  twenty-six  minutes,  upon  a  line 
which  made  an  angle  of  forty-five  degrees 
with  the  vertical  towards  the  right  hand.     It 


appears  by  the  figure  that  the  points  8  and  7 
would  have  been  diametrically  opposite  if  ue 
satellite  had  gone  fifteen  degrees  more  round 
the  central  point  where  Venus  is  represented. 
May  11th,  at  nine  o'clock  p.  m.,  the  only  nigh*- 
when  the  view  of  the  planet  was  not  obscured 
by  moonlight,  twilight,  or  clouds,  the  satellite 
appeared  nearly  at  the  same  distance  from 
Venus  as  before,  making  with  the  vertical  an 
angle  of  forty-five  degrees  towards  the  south, 
and  above  its  primary.  The  light  of  the  satel- 
lite was  always  very  weak  ;  but  it  had  always 
the  same  phase  with  its  primary,  whether 
viewed  with  it  in  the  field  of  the  telescope  or 
alone  by  itself.  He  imagined  that  the  reason 
why  the  satellite  had  been  so  freqently  looked 
for  without  success  might  be,  that  one  part  of 
its  globe  was  crusted  over  with  spots,  or  other- 
wise unfit  to  reflect  the  light  of  the  sun  with 
any  degree  of  brilliancy,  as  is  supposed  to  be 
the  case  with  the  fifth  satellite  of  Saturn. 

It  is  evident  that,  if  Venus  have  a  satellite, 
it  must  be  difficult  to  be  seen,  and  can  only 
be  perceived  in  certain  favourable  positions. 
It  cannot  be  seen  when  nearly  the  whole  of 
its  enlightened  hemisphere  is  turned  to  the 
earth,  on  account  of  its  great  distance  at  such 
a  time,  and  its  proximity  to  the  sun ;  nor 
could  it  be  expected  to  be~  seen  when  the 
planet  is  near  its  inferior  conjunction,  as  it 
would  then  present  to  the  earth  only  a  very 
slender  crescent,  besides  being  in  the  imme- 
diate neighbourhood  of  the  sun.  The  best 
position  in  which  such  a  body  might  be  de- 
tected is  near  the  time  of  the  planet's  greatest 
elongation,  and  when  it  would  appear  about 
half  enlightened.  If  the  plane  of  its  orbit  be 
nearly  coincident  with  the  plane  of  the  planet's 
orbit,  it  will  be  frequently  hidden  by  the  inter- 
position of  the  body  of  Venus,  and  likewise 
when  passing  along  \ier  surface  in  the  oppo- 
site point  of  its  orbit ;  and  if  one  side  of  this 
body  be  unfitted  for  reflecting  much  light,  it 
will  account  in  part  for  its  being  seldom  seen. 
It  is  not  sufficient  in  this  case,  to  say,  as  Sir 
David  Brewster  has  done,  "that  Mr.  War- 
gentin  had  in  his  possession  a  good  achromatic 
telescope,  which  always  showed  Venus  with 
such  a  satellite,  and  that  the  deception  was 
discovered  by  turning  the  telescope  about  its 
axis."  For  we  cannot  suppose  that  such 
accurate  observers  as  those  mentioned  above 
would  have  been  deceived  by  such  an  optical 
illusion;  and,  besides,  the  telescopes  which 
were  used  in  the  observations  alluded  to  were 
both  refractors  and  reflectors,  and  it  is  not 
likely  that  both  kinds  of  instruments  would 
produce  an  illusion,  especially  when  three 
different  powers  were  applied,  as  in  Mr. 
Short's  observations.  Were  the  attention  of 
astronomers  more  particularly  directed  to  this 
point  than  it  has  hitherto  been;  were  the 
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numb**.r  of  astronomical  observers  increased 
to  a  much  greater  degree  than  at  present; 
and  were  frequent  observations  on  this  planet 
made  in  the  clear  and  serene  sky  of  tropical 
climes,  it  is  not  improbable  that  a  decisive 
opinion  might  soon  be  formed  on  this  point ; 
and,  if  a  satellite  were  detected,  it  would  tend 
to  promote  the  progress  and  illustrate  the 
deductions  of  physical  astronomy.  It  is  some- 
what probable,  reasoning  a  priori,  that  Venus, 
a  planet  nearly  as  large  as  the  earth,  and  in  its 
immediate  neighbourhood,  is  accompanied  by 
a  secondary  attendant. 

Transits  of  Venus. — This  planet,  when  in 
certain  positions,  is  seen  to  pass  like  a  round 
black  spot  across  the  disk  of  the  sun.  These 
transits,  as  they  are  called,  are  of  rare  occur- 
rence, and  take  place  at  intervals  of  8  and  113 
years.  If  the  plane  of  the  orbit  of  Venus  ex- 
actly coincided  with  that  of  the  earth,  a  transit 
would  happen  at  regular  intervals  of  little 
more  than  nineteen  months ;  but  as  one  half 
of  this  planet's  orbit  is  three  degrees  and  a 
half  below  the  plane  of  the  earth's  orbit,  and 
the  other  half  as  much  above  it,,  a  transit  can 
only  take  place  when  it  happens  to  be  in  one 
of  the  nodes,  or  intersections  of  the  orbits, 
about  the  time  of  its  inferior  conjunction. 
These  transits  of  Venus  are  phenomena  of 
very  great  importance  in  astronomy,  as  it  is 
owing  to  the  observations  which  have  been 
made  on  them,  and  the  calculations  founded 
on  these  observations,  that  the  distance  of  the 
sun  has  been  very  nearly  ascertained,  and  the 
dimensions  of  the  planetary  system  determined 
to  a  near  approximation  to  the  truth.  It  would 
be  too  tedious  to  enter  into  a  particular  expla- 
na|ion  of  the  process  and  calculations  con- 
nected with  this  subject,  and  therefore  I  shall 
only,  in  a  few  words,  explain  the  principle 
on  which  the  deductions  are  founded.  Sup- 
pose i?  A  (Fig.  23)  to  represent  the  earth ; 
Vf  Venus;   and   S  the   sun.     Suppose   two 

Fig.  23. 


spectators,  A  and  B,  at  opposite  extremi- 
ties of  that  diameter,  of  the  earth  which  is 
perpendicular  to  the  ecliptic ;  then,  at  the  mo- 
ment when  the  observer  at  B  sees  the  centre 
of  the  planet  projected  at  D,  the  observer  at 
A  will  see  it  projected  at  C.  If,  then,  the 
two  observers  can  mark  the  precise  position 
of  Venus  on  the  suns  disk  at  any  given  mo- 
ment, or  note  the  precise  time  of  ingress  or 
egress  of  the  planet,  the  angular  measure  of 
C3S8) 


C  D,  as  seen  from  the  earth,  might  be  ascer- 
tained. Since  A  C  and  B  JD  are  straight 
lines  crossing  each  other  at  v,  they  conse«. 
quently  make  equal  angles  on  each  side  of 
the  point  v ;  and  C  D  will  be  to  B  A  as  the 
distance  of  Venus  from  the  sun  is  to  her  dis- 
tance from  the  earth ;  that  is,  as  68  to  27,  or 
nearly  as  2|  to  1  :  for  Venus  is  68  millions 
of  miles  from  the  sun,  and  27  millions  from 
the  earth,  at  the  time  of  a  transit  or  an  inferior 
conjunction.  C  D,  therefore,  occupies  a  space 
on  the  sun's  disk  2|  times  as  great  as  the 
earth's  apparent  diameter  at  the  distance  of 
the  sun ;  or,  in  other  words,  it  is  equal  to  Jive 
times  the  sun's  horizontal  parallax  ;  and,  there- 
fore, any  error  that  might  occur  in  measuring 
it  will  amount  to  only  one-fifth  of  that  error 
on  the  horizontal  parallax  that  may  be  deduced 
from  it ;  and  it  is  on  the  ground  of  this  parallax 
that  the  distance  of  the  sun  is  determined. 
The  result  of  all  the  observations  made  on  the 
transits  which  happened  in  1761  and  1769 
gives  about  8^  seconds  as  the  horizontal  pa- 
rallax of  the  sun,  which  makes  his  distance 
95  millions  of  miles.  The  distance  is  con- 
sidered by  the  most  enlightened  astronomers 
as  within  one-Jiftieth  part  of  the  true  dis- 
tance of  the  sun  from  the  earth ;  so  that  no 
future  observations  will  alter  this  distance  so 
as  to  increase  or  diminish  it  by  more  than 
two  millions  of  miles. 

The  future  transits  of  Venus  for  the  next 
400  years  are  as  follows : 

hours,  minutes. 

1874,  December  9th 4     8  a.m. 

1882,  December  6th 4  16  p.m. 

2004,  June  8th 8  51  a.m. 

2012,  June  6th 1   17  a.m. 

2117,  December  11th  ...  2  57  a.m. 

2125,  December  8th  ....  3     9  p.m. 

2247,  June  1 1th 0  21  p.m. 

2255,  June  9ch 4  44  a.m. 

Some  of  these  transits  will  last  nearly  seven 
hours.  The  next  two  transits  will  not  be 
visible  throughout  their  whole  duration  in 
Britain  or  in  most  countries  in  Europe.  Such 
was  the  importance  attached  to  the  observa- 
tions of  the  last  transits  in  1761  and  1769, 
that  several  of  the  European  states  fitted  out 
expeditions  to  different  parts  of  the  world,  and 
sent  astronomers  with  them,  to  make  the  re- 
quisite observations.  This  was  one  end, 
among  others,  of  the  celebrated  expedition  of 
Captain  Cook,  in  1769,  to  the  islands  of  the 
Pacific  Ocean ;  and  the  transit  was  observed 
in  Tahiti^  now  so  celebrated  on  account  of  the 
moral  revolution  which  has  lately  taken  place 
among  its  inhabitants. 

Magnitude,  and  Extent  of  Surface  on  this 
Planet. — The  diameter  of  Venus  has  been 
computed  at  about  7800  miles;  and,  conse- 
quently, its  surface  contains  191,134,944,  or 
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above  191  millions  of  square  miles.  Taking, 
as  formerly,  the  population  of  England  as  a 
standaij,  this  planet  would  contain  a  number 
of  inhabitants  equal  to  more  than  63,500 
millions,  or  nearly  sixty-seven  times  the  popu- 
lation of  our  globe.  It  does  not  appear  that 
any  great  quantity  of  water  exists  upon  this 
planet,  otherwise  there  would  be  a  greater 
contrast  between  the  different  parts  of  its  sur- 
face, the  water  presenting  a  much  darker  hue 
than  the  land.  For,  if  from  a  high  mountain 
we  survey  a  scene  in  which  a  portion  of  a 
large  river  or  of  the  ocean  is  contained,  when 
the  sun  is  sliining  on  all  the  objects,  we  shall 
iind  that  the  water  presents  a  much  darker 
appearance  than  the  land,  as  it  absorbs  the 
greater  part  of  the  rays  of  light,  except  in  a 
few  points  between  our  eyes  and  the  sun, 
where  his  rays  are  reflected  from  the  surface 
of  the  fluid ;  but  these  partial  reflections 
would  be  altogether  invisible  at  the  distance 
of  the  nearest  planet.  It  is  pretty  evident, 
however,  from  what  has  been  formerly  stated, 
that  there  is  a  great  diversity  of  surface  on 
this  planet;  and  if  some  of  its  mountains  be 
more  than  twenty  miles  in  elevation,  they  may 
present  to  view  objects  of  sublimity  and 
grandeur,  and  from  their  summits  extensive 
and  diversified  prospects  of  which  we  can 
form  no  adequate  conception.  So  that  Venus, 
although  a  small  fraction  smaller  than  the 
earth,  may  hold  a  rank  in  the  solar  system  and 
in.  the  empire  of  the  almighty,  in  point  of 
population  and  sublimity  of  scenery,  far  sur- 
passing that  of  the  world  in  which  we  dw^ell. 
Having  dwelt  so  long  on  the  phenomena 
of  this  planet,  I  shall  state  only  the  following 
additional  particulars  :  The  quantity/  of  light 
on  Venus  is  nearly  twice  as  great  as  that  on 
*he  earth,  which  will,  doubtless,  have  the  ef- 
fect of  causing  all  the  colours  reflected  from 
the  different  parts  of  the  scenery  of  that  planet 
to  present  a  more  vivid,  rich,  and  magnificent 
appearance  than  with  us.  Is  is  probable,  too, 
that  a  great  proportion  of  the  objects  on  its  sur- 
face are  fitted  to  reflect  the  solar  rays  with 
peculiar  splendour ;  for  its  light  is  so  intense 
as  to  be  distinctly  seen  by  telescopes  in  the 
daytime;  and,  during  night,  the  eye  is  so 
overpowered  by  its  brilliancy  as  to  prevent  its 
surface  and  margin  from  being  distinctly  per- 
ceived. Were  we  to  indulge  our  imaginations 
on  this  subject,  this  circumstance  might  lead 
us  to  form  various  conceptions  of  the  glory 
and  magnificence  of  the  diversified  objects 
which  may  be  presented  to  the  view  of  the  in- 
tellectual beings  who  inhabit  this  world  ;  but, 
in  the  mean  time,  we  have  no  sufficient  data 
to  warrant  us  in  indulging  in  conjectural 
speculations.  The  apparent  size  of  the  sun 
as  seen  from  Venus,  compared  with  his  mag- 
nitude as  seen  from  the  earth,  is  represented 


in  fig.  24  ,the  larger  circle  showing  the  size  of 
the  sun  from  Venus. 


Fig.  24. 


With  regard  to  the  heat  in  this  planet,  ac* 
cording  to  the  principles  and  facts  formerly 
stated  (page  34),  it  may  be  modified  by  the 
constitution  of  its  atmosphere  and  the  nature 
of  the  substances  which  compose  its  surface, 
so  that  its  intensity  may  not  be  so  great  as  we 
might  imagine  from  its  nearness  to  the  sun. 
Even  on  the  supposition  that  the  intensity  of 
the  heat  of  any  body  is  inversely  as  the  square 
of  its  distance  from  the  sun,  it  has  been  calcu- 
lated that  the  greatest  heat  in  Venus  exceeds 
the  heat  of  St.  Thomas,  on  the  coast  of  Gui- 
nea, or  of  Sumatra,  about  as  much  as  the 
heat  in  those  places  exceeds  that  of  the  Ork- 
ney Islands  or  that  of  the  city  of  Stockholm  ; 
and,  therefore,  at  60  degrees  north  latitude  on 
that  planet,  if  its  axis  were  perpendicular  to 
the  plane  of  its  orbit,  the  heat  would  not  ex- 
ceed the  greatest  heat  of  the  earth,  and,  of 
course,  vegetation  like  ours  could  be  carried 
on,  and  animals  of  a  terrestrial  species  might 
subsist.  But  we  have  no  need  to  enter  into 
such  calculations  in  order  to  prove  the  habita- 
bility  of  Venus,  since  the  Creator  has,  doubt- 
less, in  this  as  well  as  in  every  other  case, 
adapted  the  structure  of  the  inhabitant,  to  the 
nature  of  the  habitation. 

In  addition  to  the  above,  the  following  facts 
may  be  stated  :  Venus  revolves  in  an  orbit 
which  is  433,800,000  of  miles  in  circumference 
in  the  space  of  224  days  1 6  hours  ;  its  rate  of 
motion  is  therefore  about  eighty  thousand  miles 
every  hour,  one  thousand  three  hundred  and 
thirty  miles  every  minute,  and  above  twenty- 
two  miles  every  second.  Its  distance  from  the 
sun  is  68  millions  of  miles ;  and  its  distance 
from  the  earth,  when  nearest  us,  is  about  27 
millions  of  miles,  which  is  the  nearest  ap- 
proach that  any  of  the  heavenly  bodies  (except 
the  moon)  make  to  the  earth.  Yet  tliis  dis- 
tance, when  considered  by  itself,  is  very  great ; 
for  it  would  require  a  cannon  ball  six  years 
and  three  months  to  move  from  the  earth  to 
the  nearest  point  of  the  orbit  of  Venus,  al- 
though it  were  flying  every  moment  at  the 
rate  of  500  miles  an  hour,  or  12,000  miles  a 
day.  Were  tl-ie  enlightened  hemisphere  of  the 
planet  turned  to  the  earth  when  it  is  in  this 
nearest  point  of  its  orbit,  it  would  appear  lika 
2  K  2  (389) 
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a  brill'ant  moon,  twenty-five  times  larger  than 
it  generally  does  to  the  naked  eye  ;  but  at 
that  time  its  light  side  is  turned  to  the  sun  and 
away  from  the  earth.  At  its  greatest  distance 
from  us  it  is  163  millions  of  miles  from  the 
earth.  The  period  of  its  greatest  brightness 
is  when  it  is  about  forty  degrees  from  the  sun, 
either  before  or  after  its  inferior  conjunction, 
at  which  time  there  is  only  about  one  fourth 
part  of  its  disk  that  appears  enlightened.  In 
this  position  it  may  sometimes  be  seen  with 
the  7iaked  eye  even  amid  the  splendours  of 
noonday.  In  the  evening  it  casts  a  distinct 
shadow  on  a  horizontal  plane.  Sir  John 
Herschel  remarks,  that  this  shadow,  to  be  dis- 
tinguished, "  must  be  thrown  upon  a  white 
ground.  An  open  window  in  a  whitewashed 
room  is  the  best  exposure  ;  in  this  situation  I 
have  observed  not  only  the  shadow,  but  the 
diffracted  fringes  edging  its  outline."  The 
density  of  Venus  compared  with  that  of  the 
sun  is  as  1  to  383,137,  according  to  La 
Place's  calculations,  while  that  of  the  earth  is 
as  1  to  329,630  ;  so  that  the  earth  is  some- 
what denser  than  Venus.  A  body  weighing 
one  pound  on  the  earth  will  weigh  only  15oz, 
10  dr.  on  the  surface  oi  Venus.  The  eccen- 
tricity of  the  orbit  of  Venus  is  less  than  that 
of  any  of  the  other  planets ;  it  amounts  io 
492,000  miles,  which  is  only  the  1-276  part  of 
the  diameter  of  its  orbit,  which,  consequently, 
approaches  very  nearly  to  a  circle.  The  in- 
clination of  its  orbit  to  the  ecliptic  is  3°  23' 
33'''.  Its  mean  apparent  diameter  is  17''',  and 
its  greatest  about  57^''.  Its  greatest  elonga- 
tion from  the  sun  varies  from  45°  to  47*^  12'. 
Its  mean  arc  of  7-etrog7mdation,  or  when  it 
moves  from  east  to  wes.t  contrary  to  the  order 
oi  the  signs,  is  IQ'^  12',  and  its  mean  dura- 
tion forty-two  days,  commencing  or  ending 
when  it  is  about  28°  48'  distant  from  the  sun. 
Such  is  a  condensed  view  of  most  of  the 
facts  in  relation  so  Venus  which  may  be  con- 
sidered as  interesting  to  the  general  reader. 

*  Hi.  of  the  eabth,  considebed  as  a  plai? et. 

In  exhibiting  the  scenery  of  the  heavens, 
it  is  not  perhaps  absolutely  necessary  to  enter 
into  any  particular  description  of  the  earth  ; 
but  as  it  is  the  only  planetary  body  with  which 
we  are  intimately  acquainted,  and  the  only 
standard  by  which  we  can  form  a  judgment  of 
the  other  planetary  globes,  and  as  it  is  con- 
nected with  them  in  the  same  system,  it  may 
be  expedient  to  state  a  few  facts  in  relation  to 
its  figure,  motion,  structure,  and  general  ar- 
rangements. 

The  earth,  though  apparently  a  quiescent 
body  in  the  centre  of  the  heavens,  is  suspend- 
ed in  empty  space,  surrounded  on  all  sides  by 
the  celestial  luminaries  and  the  spaces  of  the 
firmament.  Though  it  appears  to  our  view  to 
(390 


occupy  a  space  larger  than  all  the  heavenlj 
orbs,  yet  it  is,  in  fact,  almost  infinitely  smaller, 
and  holds  a  rank  only  with  the  smaller 
bodies  of  the  universe ;  and,  although  it  ap- 
pears to  the  eye  of  sense  immovably  fixed  in 
the  same  position,  yet  it  is,  in  reality,  flying 
through  the  ethereal  spaces  at  the  rate  of  moie 
than  a  thousand  miles  every  minute,  as  we 
have  already  demonstrated.  The  figure  of 
the  earth  is  now  ascertained  to  be  that  of  an 
oblate  spheroid,  very  nearly  approaching  to 
the  figure  of  a  globe.  An  orange  and  a  com- 
mon turnip  are  oblate  spheriods,  and  are  fre- 
quently exhibited  to  illustrate  the  figure  of 
the  earth.  But  they  tend  to  convey  an  erro- 
neous  idea ;  for,  although  a  spheroid  of  ten 
feet  diameter  were  constructed  to  exhibit  the 
true  figure  of  the  earth,  no  eye  could  distin- 
guish the  difference  between  such  a  spheroid 
and  a  perfect  globe,  since  the  difference  of  its 
two  diameters  would  scarcely  exceed  one 
third  oi  an  inch ;  whereas,  if  its  diameters 
bore  the  same  proportion  to  each  other  as  the 
two  diameters  of  an  orange  generally  do,  its 
polar  diameter  would  be  nearly  one  foot  three 
inches  shorter  than  its  equatorial. 

Before  the  time  of  Newton  it  was  never 
suspected  that  the  figure  of  the  earth  differed 
in  any  degree  from  that  of  a  perfect  sphere, 
excepting  the  small  inequalities  produced  by 
the  mountains  and  vales.  The  first  circum- 
stance which  led  to  the  determination  of  its 
true  figure  was  an  accidental  experiment  made 
with  a  pendulum  near  the  equator.  M.  Richer, 
a  Frenchman,  in  a  voyage  made  to  Cayenne, 
which  lies  near  the  equator,  found  that  the 
pendulum  of  his  clock  no  longer  made  its  vi- 
brations so  frequently  as  in  the  latitude  of 
Paris,  and  that  it  was  absolutely  necessary  to 
shorten  it  in  order  to  make  it  agree  with  the 
times  of  the  stars  passing  the  meridian.  Some 
years  after  this,  Messrs.  Deshayes  and  Varin, 
who  were  sent  by  the  French  king  to  make 
certain  astronomical  observations  near  the 
equator,  found  that  the  pendulum  at  Cayenne 
made  148  vibrations  less  in  a  day  than  at 
Paris,  and  that  his  clock  was  retarded  by  that 
means  two  minutes  twenty-eight  seconds  ;  and 
was  obliged  to  make  his  pendulum  shorter  by 
two  lines,  or  the  sixth  part  of  a  Paris  inch,  in 
order  to  make  the  time  agree  with"  that  de- 
duced from  celestial  observations.  Similar 
experiments,  attended  with  the  same  results, 
were  made  at  Martinique,  St.  Domingo,  St. 
Helena,  Goree,  on  the  coast  of  Africa,  and 
various  other  places,  in  all  which  it  was  found 
that  the  alteration  was  the  greatest  under  the 
equator,  and  that  it  diminished  as  the  observer 
approached  the  northern  latitudes.  This  dis- 
covery, trifling  as  it  may  at  first  sight  appear, 
opened  a  new  field  of  investigation  to  philoso- 
phic minds ;  and  there  are,  perhaps,  few  facts 
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thrfjugliout  the  range  of  science  from  which 
so  many  curious  and  important  facts  have 
been  deduced.  Sir  Isaac  Newton  and  M. 
Huygens  were  among  the  first  who  perceived 
the  extensive  apphcation '  of  this  discovery, 
and  the  important  results  to  which  it  might 
lead.  Newton,  whose  penetrating  eye,  traced 
the  fact  through  all  its  bearings  and  remote 
consequences,  at  once  perceived  that  the  earth 
must  have  some  other  figure  than  what  was 
commonly  supposed,  and  demonstrated  that 
this  diminution  of  weight  naturally  arises  from 
the  earth's  rotation  round  its  axis,  which,  ac- 
cording to  the  laws  of  circulai  motion,  repels 
all  heavy  bodies  from  the  axis  of  motion  ;  so 
that,  this  motion  being  swifter  at  the  equator 
than  in  other  parts  more  remote,  the  weight 
of  bodies  must  also  be  less  there  than  near  the 
poles.  All  heavy  bodies,  when  left  to  them- 
selves, fall  towards  the  earth  in  lines  perpen- 
dicular to  the  horizon  ;  and,  were  those  lines 
continued,  they  would  all  pass  through  the 
earth's  centre.  Every  part  of  the  earth,  there- 
fore, gravitates  towards  the  centre  ;  and  as  this 
force  is  found  to  be  about  289  times  greater 
than  that  which  arises  from  the  rotation  of 
the  earth,  a  certain  balance  will  constantly  be 
maintained  between  them,  and  the  earth  will 
assume  such  a  figure  as  would  naturally  result 
from  the  difference  of  these  two  opposite 
forces.  From  various  considerations  and  cir- 
cumstances of  this  kind,  Newton  founded  his 
sublime  calculations  on  this  subject ;  and,  as 
Fontenelle  remarks,  "  determined  the  true 
figure  of  the  earth  without  leaving  his  elbow- 
chair." 

Newton  and  Huygens  were  both  engaged 
in  these  investigations  at  the  same  time,  un- 
known to  each  other,  but  the  results  of  their 
calculations  were  nearly  alike.  They  demon- 
strated, from  the  known  laws  of  gravitation, 
that  the  true  figure  of  the  earth  was  that  of  an 
oblate  spheroid,  flattened  at  the  poles,  and  pro- 
tuberant at  the  equator;  that  the  proportion 
between  its  polar  and  equatorial  diameters  is 
as  229  to  230,  and,  consequently,  that  the 
polar  diameter  is  shorter  than  the  equatorial 
by  about  thirty-four  miles.*  If  these  deduc- 
tions be  nearly  correct,  it  follows  that  a  degree 
of  latitude  in  the  polar  regions  must  measure 
more  than  a  degree  near  the  equator.  To 
determine  this  point  by  actual  measurement, 
it  was  ordered  by  the  French  king  that  a  de- 
gree should  be  measured  both  at  the  equator 
and  within  the  polar  circle.  Messrs.  Mauper- 
tuis,  Clairaut,  and  others  were  sent  to  the 
north  of  Europe,  and  Messrs.  Bouger,  Godin, 

'*  From  a  comparison  of  the  length  of  different 
degrees  of  the  meridian,  lately  measured,  it  is 
prolrable  that  the  difference  of  the  diameters  is 
somewhat  less  than  is  here  stated.  Its  equatorial 
diameter  is  about  7934  miles,  and  its  polar  ahout 


and  La  Condamine  to  Peru,  In  South  Ame- 
rica. The  first  of  these  companies  began  their 
operations  at  Tornea,  near  the  Gulf  of  Botli- 
nia,  in  July,  1736,  and  finished  them  in  June, 
1737.  Those  who  were  sent  to  Peru,  having 
greater  difficulties  to  encounter,  did  not  finish 
their  survey  till  the  year  1741.  The  results 
of  these  measurements  were,  that  a  degree  of 
the  meridian  in  Lapland  contains  344,627 
French  feet,  and  a  degree  of  the  meridian  at 
the  equator  340,606  ;  so  that  a  degree  in  Lap- 
land is  4021  French  feet,  or  4280  English 
feet,  longer  than  a  degree  at  the  equator  ;  that 
is,  they  differ  about  six  and  a  half  English 
furlongs,  or  8-1 0th  of  a  mile.  But  if  the  earth 
had  been  a  perfect  sphere,  a  degree  of  the 
meridian  in  every  latitude  would  have  been 
found  precisely  of  the  same  length.  This 
spheroidal  figure  is  not  peculiar  to  the  earth  ; 
for  the  planets  Saturn,  Jupiter,  and  Mars  are 
likewise  found  to  be  spheroids,  and  some  ot 
them  much  flatter  at  the  poles  than  the  earth. 
The  difference  between  the  polar  and  equa- 
torial diameters  of  Jupiter  is  more  than  6000 
miles. 

From  the  circumstances  stated  above,  we 
may  learn  that  the  most  minute  facts  connected 
with  the  system  of  nature  ought  to  be  care- 
fully observed,  investigated,  and  recorded,  as 
they  may  lead  to  important  conclusions,  which, 
at  first  view,  we  may  be  unable  to  trace  or  to 
appreciate ;  for  in  the  system  of  the  material 
world,  the  greatest  and  most  sublime  effects 
are  sometimes  produced  from  apparently 
simple  and  even  trivial  causes.  Who  could 
have  imagined  that  such  a  simple  circumstance 
as  the  retardation  of  clocks  in  southern  climes, 
and  the  shortening  or  lengthening  of  a  pendu- 
lum, would  lead  to  such  an  important  disco- 
very as  the  spheroidal  figure  of  the  earth  ! 
Hence  we  may  conclude,  that  if  ten  thousands 
of  rational  observers  of  the  facts  of  nature 
were  to  be  added  to  those  who  no\  exist, 
many  parts  of  the  scenery  of  the  universe 
which  are  now  involved  in  darkness  and  my- 
stery might  ere  long  be  unfolded  to  our  view. 

Generul  Aspect  of  the  EartKs  Surface. — 
The  most  prominent  and  distinguishing  fea- 
ture of  the  surface  of  our  globe  is  the  two 
bands  of  land  and  of  water  into  which  it  is 
divided.  These  bands  present  a  somewhat 
irregular  appearance  and  form,  but  their 
greatest  length  is  from  north  to  south.  One 
of  these  bands  of  land,  generally  denominated 
the  eastern  continent,  comprehends  Europe, 
Africa,  and  Asia,  and  extends  from  the  Capo 
of  Good  Hope  on  the  south  to  the  north-east- 
ern extremity  of  Kamtschatka,  in  which  direc- 
tion its  length  measures  about  10,000  miles. 
Its  greatest  breadth  from  Corea,  or  the  eastern 
parts  of  Chinese  Tartary,  to  the  western  ex- 
tremity o^f  Africa,  is  about  9000  miles.     The 
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other  band  of  earth  is  the  western  continent, 
comprehending  North  and  South  America,  ly- 
ing between  the  Atlantic  on  the  east  and  the 
Pacific  ocean  on  the  west.  Its  greatest  length 
is  about  8000  miles  from  north  to  south,  and 
its  greatest  breadth,  from  Nootka  Sound  to 
Newfoundland,  North  America,  and  from 
Cape  Blanco  to  St.  Roque,  South  America,  is 
about  3000  miles.  Besides  these  two  larger 
bands  of  land,  there  is  the  large  island  of  New 
Holland,  which  is  2600  miles  long  and  2000 
broad,  which  might  be  reckoned  a  third  con- 
tinent ;  along  with  many  thousands  of  islands, 
of  every  form  and  size,  which  are  scattered 
throughout  the  ditferent  seas  and  oceans.  The 
whole  of  these  solid  parts  of  our  globe  com- 
prehends an  area  of  about  forty -nine  millions 
of  square  miles,  or  about  one  fourth  of  the 
superficies  of  the  terraqueous  globe,  which 
contains  about  one  hundred  and  ninety-seven 
millions  of  square  miles.  Were  all  these  por- 
tions of  the  land  peopled  with  inhabitants  in 
the  same  proportion  as  in  England,  the  popu- 
lation of  the  globe  would  amount  to  thirteen 
thousand  seven  hundred  and  twenty  millions 
of  human  beings,  which  is  more  than  seven- 
teen times  its  present  number  of  inhabitants. 
Yet,  strange  to  tell,  this  world  has,  in  all  ages, 
been  the  scene  of  wars,  bloodshed,  and  con- 
tests for  small  patches  of  territory,  although 
the  one  seventeenth  part  of  it  is  not  yet  inha- 
bited ! 

There  is  a  striking  correspondence  between 
two  sides  of  the  two  continents  to  which  we 
have  adverted,  the  prominent  parts  of  the  one 
corresponding  to  the  indentings  of  the  other. 
If  we  look  at  a  terrestrial  globe  or  map  of  the 
world,  we  shall  perceive  that  the  projection  of 
the  eastern  coast  of  Africa  nearly  corresponds 
with  the  opening  between  North  and  South 
America,  opposite  to  the  Gulf  of  Mexico ; 
that  the  projection  in  South  America,  about 
Cape  St.  Roque  and  St.  Salvador,  nearly  cor- 
responds with  the  opening  in  the  Gulf  of 
Guinea ;  so  that,  if  we  could  conceive  th(J  two 
continents  brought  into  contact,  the  openings 
to  which  I  have  referred  would  be  nearly  filled 
up,  so  as  to  form  one  compact  continent. 
The  Gulf  of  Guinea  would  be  nearly  blocked 
up  with  the  eastern  projection  of  South  Ame- 
rica, and  a  large  gulf  formed  between  Brazil  and 
the  land  to  the  eastward  of  the  Cape  of  Good 
Hope.  The  Gulf  of  Mexico  would  be  formed 
into  a  kind  of  inland  lake,  and  Nova  Scotia 
and  Newfoundland  would  block  up  a  portion 
of  the  Bay  of  Biscay  and  the  English  Chan- 
nel, while  Great  Britain  and  Ireland  would 
block  up  the  entrance  to  Davis's  Straits.  A 
consideration  of  these  circumstances  renders 
it  not  altogether  improbable  that  these  conti- 
nents were  originally  conjoined,  and  that,  at 
some  former  physical  revolution  or  catas- 
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trophe,  they  may  have  been  rent  asunder  h^ 
some  tremendous  power,  when  the  waters  of 
the  ocean  rushed  in  between  them,  and  leii 
them  separated  as  we  now  behold  them.  That 
powEii  which  is  said  to  "  remove  mountains," 
which  "  shaketh  the  earth  out  of  her  place," 
and  causeth  "  the  pillars  thereof  to  tremble," 
is  adequate  to  produce  such  an  eflect;  and 
effects  equally  stupendous  appear  to  have 
been  produced  when  the  waters  of  the  great 
deep  covered  the  tops  of  the  highest  moun- 
tains, when  the  solid  strata  of  the  earth  were 
bent  and  disrupted,  and  rocks  of  enormous 
size  transported  from  one  region  of  the  earth 
to  another.  There  appears  no  great  improba- 
bility in  the  supposition  that  such  an  event 
may  have  taken  place  at  the  universal  deluge, 
when  the  original  constitution  of  the  globe 
seems  to  have  undergone  a  dreadful  change 
and  disarrangement. 

Between  the  two  continents  now  mentioned 
are  two  immense  bands  of  water,  extending 
nearly  from  the  northern  to  the  southern  ex- 
tremities of  the  globe,  one  of  which  is  10,000, 
and  the  other  3,000  miles  broad.  These  vast 
collections  of  water  surround  the  continents 
and  islands,  and  form  numerous  seas,  straits, 
gulfs,  and  bays,  which  indent  and  diversify 
the  coasts  through  every  region  of  the  earth. 
They  occupy  a  square  surface  of  148,000,000 
of  miles,  forming  about  three-fourths  of  the 
surface  of  the  globe,  and  containing  about 
296,000,000  of  cubical  miles  of  water,  suffi- 
cient to  cover  the  whole  globe  to  the  depth  of 
2600  yards.  This  vast  superabundance'  of 
water,  compared  with  the  quantity  of  land,  it 
is  probable,  is  peculiar  to  our  globe,  and  that 
no  such  arrangement  exists  on  the  surface  of 
the  other  planets  of  our  system.  It  is  proba- 
ble that  such  an  extensive  ocean  did  not  exist 
at  the  period  of  the  original  formation  of  the 
earth,  and  that  such  a  disproportionate  accu- 
mulation of  water  took  place  in  consequence 
of  the  deluge.  The  present  constitution  of 
the  earth,  and  the  disproportion  of  the  water 
to  the  dry  land,  are  circumstances  more 
adapted  to  a  race  of  fallen  intelligences  than 
to  beings  in  a  state  of  innocence,  and  adorned 
with  the  image  of  their  Creator. 

Besides  the  circumstances  now  stated,  the 
earth  is  diversified  with  extensive  ranges  of 
mountains,  which  stretch  in  different  direc- 
tions along  the  continents  and  islands,  rearing 
their  summits,  in  some  instances,  several  miles 
above  the  level  of  the  ocean,  and  diversifying 
in  various  modes  the  landscape  of  the  earth. 
From  these  mountains  flow  hundreds  of  ma- 
jestic rivers,  some  of  them  more  than  2000 
miles  in  length,  fertilizing  the  countries 
through  which  they  flow,  and  forming  a  me- 
dium of  communication  between  the  inland 
countries  and  the  ocean.     The  atmosphere  is 
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durown  around  the  whole  of  this  terraqueous 
mass,  by  means  of  which,  and  the  operation 
of  the  solar  heat,  a  portion  of  the  ocean  is 
carried  up  to  the  region  of  the  clouds  in  the 
form  of  vapom*,  which  diffuses  itself  over 
every  region  of  the  earth,  and  is  again  con- 
densed into  rains  and  dews,  to  supply  the 
sources  of  the  rivers,  and  to  distribute  fertility 
throughout  every  land.  This  atmosphere  is 
the  region  of  the  winds,  whether  fanning  the 
earth  with  gentle  breezes,  or  heaving  the 
ocean  into  mountainous  billows,  and  over- 
turning forests  by  hurricanes  and  tornadoes. 
It  is  the  theatre  where  thunders  roll  and  light- 
nings flash,  where  the  fiery  meteor  sweeps, 
along  with  its  luminous  train,  and  where  the 
aiirorx  horeales  display  their  fantastic  corus- 
cations. It  is  constituted  by  a  law  of  the 
Creator  to  sustaui  the  prmciple  of  life,  and  to 
preserve  in  existence  and  in  comfort  not  only 
man,  but  all  the  tribes  of  animated  existence 
which  traverse  the  regions  of  earth,  air,  or 
sea,  without  the  benign  influence  of  which 
this  globe  would  be  soon  left  without  a  living 
inhabitant. 

Were  the  earth  to  be  viewed  from  a  point 
in  the  heavens,  suppose  from  the  moon,  it 
would  present  a  pretty  variegated,  and  some- 
times a  mottled  appearance.  The  distinction 
between  its  seas,  oceans,  continents,  and 
islands  would  be  clearly  marked,  which  would 
appear  like  brighter  and  darker  spots  upon  its 
disk.  The  continents  would  appear  bright, 
and  the  ocean  of  a  darker  hue,  because  water 
absorbs  the  greater  part  of  the  solar  light  that 
falls  upon  it.  The  level  plains  (excepting, 
perhaps,  such  spots  as  the  Arabian  desarts  of 
sands)  would  appear  of  a  somewhat  darker 
colour  than  the  more  elevated  and  mountain- 
ous regions,  as  we  find  to  be  the  case  on  the 
surface  of  the  moon.  The  islands  would  ap- 
pear like  small  bright  specks  on  the  darker 
surface  of  the  ocean ;  and  the  lakes  and  Medi- 
terranean seas  like  darker  spots,  or  broad 
streaks  intersecting  the  brighter  parts  or  the 
land.  By  its  revolution  round  its  axis,  suc- 
cessive portions  of  its  surface  would  be  brought 
into  view,  and  present  a  different  aspect  from 
the  parts  which  preceded.  Were  the  first 
view  taken  when  the  middle  of  the  Pacific 
Ocean  appeared  in  the  centre,  almost  the 
whole  hemisphere  of  the  earth  would  present 
a  dull  and  sombre  aspect,  except  a  few^  small 
spots  near  the  middle,  where  the  Marquesas, 
the  Sandwich,  and  the  Society  Isles  are 
situated,  and  some  bright  streaks  on  its  north- 
eastern, norths  western,  and  south-western  bor- 
ders, where  the  north-western  parts  of  America, 
the  north-eastern  parts  of  Asia  and  New  Hol- 
land are  situated.  In  about  six  hours  after- 
w*ird  the  whole  of  Asia,  with  its  large  islands, 
Borneo  Sumatra,  New  Guinea,  &c.,  would 
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come  into  view  and  diversify  the  scene,  having 
a  portion  of  the  Pacific  on  the  east,  and  the 
Indian  Ocean  and  a  portion  of  Africa  on  the 
west.  In  another  six  hours  the  whole  of 
Africa  and  Europe,  the  Atlantic  Ocean,  and 
the  eastern  part  of  South  America,  would 
make  their  appearance ;  and  in  six  hours 
more  the  whole  of  North  and  South  America 
would  appear  near  the  centre  of  the  view, 
having  the  Atlantic  Ocean  on  the  east  and 
the  Pacific  on  the  west.  All  these  views 
would  present  a  considerable  variety  of  aspect, 
but  in  every  one  of  them  the  darker  shades 
would  appear  to  cover  the  greater  part  of  the 
view,  except,  perhaps,  in  that  view  which 
takes  in  the  v/hole  of  Asia  and  part  of  Africa 
and  Europe.  Each  of  these  views  occasion- 
ally present  a  mottled  and  unstable  appear- 
ance, on  account  of  the  numerous  strata  of 
clouds  suspended  over  different  regions,  which 
would  be  seen  frequently  to  shift  their  posi- 
tions. These  clouds,  when  dense,  and  accumu- 
lated over  particular  countries,  would  prevent 
certain  portions  of  the  land  and  water  from 
being  distinctly  perceived.  They  would  some- 
times appear  like  bright  spots  upon  the  ocean, 
by  the  reflection  of  the  solar  rays  from  their 
upper  surfaces,  and  sometimes  like  dark  spots 
over  the  land.  The  following  figures  repre- 
sent two  of  the  views  to  which  we  have  al- 
luded : 

Figc  25.  Fig.  26. 


Fig.  25,  represents  the  appearance  of  tho 
earth  when  the  middle  of  the  Pacific  is  in  the 
centre  of  the  view.  Fig.  26,  is  the  appear- 
ance when  the  Atlantic  is  presented  to  the 
spectator's  eye,  with  South  and  part  of  North 
America  on  the  west,  and  Europe,  Africa,  and 
a  portion  of  Asia  on  the  east. 

Internal  Structure  of  the  Earth. — We  ai-e 
now  pretty  well  acquainted  with  the  general 
outline  of  the  surface  of  the  earth,  and  the 
different  ramifications  of  land  and  water  with 
which  it  is  diversified,  except  those  regions 
which  lie  adjacent  to  the  poles.  But  our 
knowledge  of  its  internal  structure  is  ex- 
tremely limited.  The  deepest  mines  that  have 
ever  been  excavated  do  not  descend  above  a 
mile  from  the  surface,  and  this  depth  is  no 
more,  compared  with  the  thickness  of  the 
earth,  than  the  slight  scratch  of  a  pin  upon 
a  large  artificial  globe  compared  with  the  ex- 
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tent  of  its  sem? diameter.  What  species  of 
materials  are  to  be  found  two  or  three  thou- 
sand miles  within  its  surface,  or  even  within 
fifty  miles,  will,  perhaps,  be  for  ever  beyond 
the  power  of  mortals  to  determine.  Various 
researches,  however,  have  been  lately  made 
as  to  the  material's  which  compose  its  upper 
strata,  immediately  beneath  the  surface,  and 
the  order  in  which  they  are  arranged.  From 
these  researches  we  learn  that  substances  of 
various  kinds  compose  the  exterior  crust  of 
the  globe,  and  that  they  are  thrown  together 
in  almost  every  possible  position ;  some  hori- 
zontal, some  vertical,  and  some  inclined  to 
each  other  at  various  angles.  Geologists 
have  arranged  the  strata  of  the  crust  of  the 
earth  into  various  classes:  1.  Primary  rocks, 
which  are  supposed  to  have  been  formed  be- 
fore all  the  others,  and  which  compose,  as  it 
were,  the  great  frame  or  groundwork  of  our 
globe.  These  rocks  are  composed  of  granite, 
gneis,  mica-slate,  and  other  substances;  they 
form  the  most  lofty  mountains,  and,  at  the 
same  time,  extend  themselves  downward  be- 
neath all  the  other  formations,  as  if  all  the 
materials  on  the  surface  of  the  globe  rested 
uj)on  them  as  a  basis.  2.  Transition  rocks, 
which  are  above  the  primitive,  and  rest  upon 
them,  and  are  composed  of  the  larger  frag- 
ments of  the  primary  rocks,  consolidated  into 
continuous  masses.  These  rocks  contain  the 
remains  of  certain  organized  beings,  such  as 
sea-shells,  while  no  such  remains  are  found 
among  the  rocks  termed  primitive.  3.  iSe- 
condary  rocks,  which  lie  upon  the  primary 
and  transition  rocks,  and  which  appear  like 
deposites  from  the  other  species  of  rocks. 
The  substances  v/hich  this  class  of  rocks  con- 
tain are  secondary  limestone,  coal,  oolite, 
sandstone,  and  chalk.  There  are  likewise 
tertiary,  basaltic,  and  volcanic  rocks,  and  al- 
luvial and  diluvial  deposites.  But  it  would 
be  foreign  to  our  present  subject  to  descend 
into  particulars. 

From  facts  which  have  been  ascertained 
respecting  these  and  various  other  circum- 
stances connected  with  the  constitution  of  the 
earth,  it  has  been  concluded  that  important 
changes  and  astonishing  revolutions  have 
taken  place  in  its  physical  structure  since 
the  period  of  its  formation;  that  rocks  of  a 
huge  size  have  been  rolled  from  one  region 
of  the  globe  to  another,  and  been  carried  up 
even  to  the  tops  of  hills  and  elevated  portions 
of  the  land ;  that  the  hardest  masses  of  its 
rocks  have  been  fractured,  and  its  strata  bent 
and  dislocated ;  that  in  certain  places  sea- 
shells,  sharks'  teeth,  the  bones  of  elephants, 
the  hippopotamus,  oxen,  deer,  and  other  ani- 
mals, are  found  mingled  together,  as  if  they 
had  been  swept  along  by  some  overpowering 
force,  amid  a  general  convulsion  of  nature ; 
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that  the  bed  of  the  ocean  has  been  raiBed  uji. 
by  the  operation  of  some  tremendous  power, 
so  as  to  form  a  portion  of  the  habitable  surface 
of  the  globe ;  and  that  the  loftiest  mountains 
were  once  covered  by  the  waters  of  the  ocean. 
From  these  and  olher  considerations  we  have 
reason  to  believe  that  the  earth  now  presents 
a  very  different  aspect  from  what  it  did  when 
it  first  proceeded  from  the  creating  hand  of  its 
Maker,  and  when  all  things  were  pronounced 
by  him  to  be  "very  good."  The  earth,  there- 
fore, as  presently  constituted,  ought  not  to  be 
considered  as  a  standard  or  model  to  be  com- 
pared with  the  other  planets  of  our  system, 
and  by  which  to  judge  whether  they  appear 
to  be  fitted  for  being  the  abodes  of  intelligent 
beings.  For,  in  its  present  state,  notwith- 
standing the  numerous  objects  of  sublimity 
and  beauty  strewed  over  its  surface,  it  can  be 
considered  as  little  more  than  a  majestic  ruin ; 
a  ruin,  however,  sufficiently  accommodated  to 
the  character  of  the  majority  of  inhabitants 
who  have  hitherto  occupied  its  surface,  whose 
conduct,  in  all  ages,  has  been  marked  with 
injustice,  devastation,  and  bloodshed. 

Density  of  the  earth. — In  the  year  1773^ 
Dr.  Maskeline,  the  astronomer  royal,  with 
other  gentlemen,  made  a  number  of  observa- 
tions on  the  mountain  Schehallien,  in  Scot- 
land, to  determine  the  attraction  of  rnoun- 
tains.  After  four  months  spent  in  the  neces- 
sary arrangements  and  observations,  it  was 
ascertained  beyond  dispute  that  the  mountain 
exerted  a  sensible  attraction,  leaving  no  hesi- 
tation as  to  the  conclusion  that  every  moun- 
tain and  every  particle  of  earth  is  endowed 
with  the  same  property  in  proportion  to  its 
quantity  of  matter.  The  observations  were 
made  on  both  sides  of  the  mountain,  and  from 
these  it  appears  that  the  sum  of  the  two  con- 
trary attractions  exerted  upon  the  plumbline 
of  the  instruments  was  equal  to  eleven  seconds 
and  a  half.  Professor  Play  fair,  more  than 
thirty  years  afterward,  from  personal  observa- 
tion, endeavoured  to  determine  the  specific 
gravity  or  density  of  the  materials  of  which 
Schehallien  is  composed,  and,  after  numerouf. 
experiments  and  calculations,  it  was  concluded 
that  "  the  mean  density  of  the  earth  is  nearly 
double  the  density  of  the  rocks  which  compose 
that  mountain,"  which  seem  to  be  considerably 
more  dense  than  the  mean  of  those  which  form 
the  exterior  crust  of  the  earth.  The  density 
of  these  rocks  was  reckoned  to  be  two  and  a 
half  times  the  weight  of  water ;  consequently 
the  density  of  the  earth  is  to  that  of  water  as 
five  to  one  ;  that  is,  the  whole .  earth,  bulk  for 
bulk,  is  Jive  times  the  weight  of  vjater,  so 
that  the  earth,  as  now  constituted,  would 
counterpoise  five  globes  of  the  same  size 
composed  of  the  same  specific  gravity  as 
water.     As  the  mean  density,  therefore,  ol 
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the  whole  earth's  surface,  including  the  ocean, 
cannot  be  above  twice  the  density  of  water, 
it  follows  that  the  interior  of  the  earth  must 
have  a  much  greater  density  than  even  five 
times  the  weight  of  water,  to  counterbalance 
the  want  of  weight  on  its  surface.  H^ence  we 
are  necessarily  led  to  conclude  that  the  interior 
parts  of  the  earth,  near  the  centre,  must  con- 
sist of  very  dense  substances,  denser  than  even 
iron,  lead,  or  silver,  and  that  no  great  internal 
cavity  can  exist  within  it,  as  some  theorists 
have  supposed,  unless  we  could  suppose  that 
most  of  the  materials  far  below  the  founda- 
tions of  the  ocean  are  much  denser  than  the 
heaviest  metallic  substances  yet  discovered. 
La  Place  has  attempted  to  estimate  the  earth's 
density  near  the  centre  on  the  following  data : 
If  5  2-5  be  its  mean  density,  and  3  1-8^3  1-5, 
2  4-5,  and  2  3-5  be  assumed  as  its  superficial 
densities,  then,  on  the  theory  of  compressi- 
bility, the  density  at  the  centre  will  be  13^, 
14^,  15J,  and  20  1-10  respectively.  The 
least  of  the  specific  gravities  (13^)  is  nearly 
double  the  density  of  zinc,  iron,  and  the  ore 
of  lead;  anr!  the  greatest  (20  1-10)  is  nearly 
equal  to  purified  and  forged  platina,  which  is 
the  most  ponderous  substance  hitherto  dis- 
covered. Yet  this  ponderous  globe,  with  all 
the  materials  on  its  surface,  is  carried  through 
the  regions  of  space  with  a  velocity  of  sixteen 
hundred  thousand  miles  every  day. 

Variety  of  Seasons, — The  annual  revolu- 
tion of  the  earth  is  accomphshed  in  365  days, 
5  hours,  48  minutes,  and  51  seconds.  In  the 
course  of  this  revolution,  the  inhabitants  of 
every  clime  experience,  though  at  different 
times,  a  variety  of  seasons.  Spring,  summer, 
autumn,  and  winter  follow  each  other  in  con- 
stant succession,  diversifying  the  scenery  of 
nature,  and  distinguishing  the  different  periods 
of  the  year.  In  those  countries  which  he  in  the 
southern  hemisphere  of  the  globe,  November, 
December,  and  January  are  the  summer 
months,  while  in  the  northern  hemisphere, 
where  we  reside,  these  are  our  months  of 
winter,  when  the  weather  is  coldest  and  the 
days  are  shortest.  In  the  northern  and  south- 
ern hemispheres  the  seasons  are  opposite  to 
each  other,  so  that  when  it  is  spring  in  the  one 
it  is  autumn  in  the  other;  when  it  is  winter 
in  southern  latitudes  it  is  summer  with  us. 
During  six  months,  from  March  21  to  Sep- 
tember 23,  the  sun  shines  without  intermis- 
sion on  the  north  pole,  so  that  there  is  no 
night  there  during  all  that  interval,  while  the 
south  pole  is  all  this  time  enveloped  in  dark- 
ness. From  September  to  March  the  south 
pole  enjoys  the  solar  light,  while  the  north,  in 
its  turn,  is  deprived  of  the  sun  and  left  in 
darkness.  The  sun  is  at  different  distances 
from  the  earth  at  different  periods  of  the  year, 
owing  to  the  earth's  moving  in  an  elliptical 


orbit;  but  it  is  not  upon  this  circumstance 
that  the  seasons  depend.  For  on  the  first  of 
January  we  are  more  tlipn  three  millions  of 
miles  nearer  the  sun  than  on  the  first  of  July, 
when  the  heat  of  our  summer  is  generally 
greatest.  The  true  cause  of  the  variation  of 
the  seasons  consists  in  the  inclination  of  the 
axis  of  the  earth  to  the  plane  of  its  orbit ;  or, 
in  other  words,  to  the  ecliptic.  If  its  axis 
were  perpendicular  to  the  ecliptic,  the  equator 
and  the  orbit  would  coincide ;  and  as  the  sun 
is  always  in  the  plane  of  the  echptic,  it  would 
in  this  case  be  always  over  the  equator;  the 
two  poles  would  be  always  enlightened,  and 
there  would  be  no  diversity  of  days  and 
nights,  and  but  one  season  throughout  the 
year.  What  is  meant  by  the  inclination  of 
the  axis  will  appear  fi.*om  the  following  figures. 


Fig.  27. 


Fig.  28. 


Let  A  B  represent  the  plane  of  the  ecliptic, 
or  the  earth's  orbit,  and  C  D  (Fig.  28)  the 
axis  of  the  earth,  inclined  at  an  angle  of  66^** 
to  the  ecliptic,  and  23^°  from  the  perpendi- 
cular E  Fy  or  the  axis  of  the  ecliptic,  and  it 
will  represent  the  position  of  the  axis  of  the 
earth  with  respect  to  the  plane  of  its  orbit. 
Fig.  27  represents  the  axis  of  the  earth,  G  H, 
perpendicular  to  the  ecliptic.  As  the  sun 
can  enlighten  only  the  one-half  of  the  globe 
at  a  time,  it  is  evident  that,  if  his  rays  come 
in  the  direction  from  B,  Fig.  28,  they  cannot 
illuminate  both  poles  at  once.  While  the 
north  polar  circle  between  E  and  C  is  en- 
lightened, the  regions  around  the  south  pole 
between  D  and  F  must  necessarily  remain  in 
the  dark.  But  if  the  axis  of  the  earth  were 
perpendicular  to  its  orbit,  as  exhibited  in 
Fig.  27,  then  both  poles  would  constantly  be 
enlightened  at  the  same  time.  The  following 
figure  will  more  particularly  show  the  effect 
of  the  inclination  of  the  axis  of  the  eaith 
during  its  progress  through  the  twelve  signs 
of  the  zodiac.     (See  Fig.  29.) 

In  this  representation  the  ellipse  exhibits 
the  earth's  orbit  seen  at  a  distance,  the  eye 
being  supposed  to  be  elevated  a  little  above 
the  plane  of  it.  The  earth  is  represented  in 
each  of  the  twelve  signs,  with  the  names  of 
the  months  annexed.  In  each  of  the  figures 
e  is  the  pole  of  the  ecliptic,  and  e  d  its  axis^ 
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perpendicular  to  the  plane  of  the  orbit.     P  is 
the  north  pole  of  the  earth ;  P  m  its  axis, 

Fig.  29. 


mg  in  the  illuminated  hemisphere,  will 
have  six  months  continual  day;  but  while 
the  earth  passes  from  Aries,  through  Cancer, 
to  Libra,  the  north  pole  will  be  in  darkness, 
and  have  continual  night ;  the  south  pole  at 
the  same  time  enjoying  continual  day.  When 
the  earth  is  at  Cancer,  the  sun  appears  at  Ca- 
pricorn, at  which  season  the  nights  in  the 
northern  hemisphere  will  as  much  exceed  the 
days  as  the  days  exceeded  the  nights  when 
the  earth  was  in  the  opposite  point  of  its  orbit. 
(396) 


about  which  the  earth  daily  turns  from  west  to 
east  y  P  C  e  shows  the  angle  of  its  inclination. 
During  the  whole  of  its  course  the 
axis  keeps  always  in  a  parallel  po- 
sition, or  points  always  to  the  same 
parts  of  the  heavens.  If  it  were 
otherwise,  if  the  axis  of  the  earth 
shifted  its  position  in  any  considera- 
ble degree,  the  most  appalling  and 
disastrous  effects  might  be  pro- 
I  duced;  the  ocean  in  many  places 

might  overflow  the  land,  and  rush 
from  the  equator  towards  the  polar 
regions,  and  produce  a  general  de- 
vastation and  destruction  to  myri- 
ads of  its  inhabitants.  If  the  axis 
pointed  always  to  the  centre  of  its 
orbit,  so  as  to  be  continually  vary- 
ing its  direction,  all  the  objects 
around  us  would  appear  to  whirl 
about  us  in  confusion  ;  there  would 
be  no  fixed  polar  points  to  guide 
the  mariner,  nor  could  his  course 
be  directed  through  the  ocean  by 
any  of  the  stars  of  heaven. 

When  the  earth  is  in  the  first 
point  of  Libra,  the  sun  appears  in 
the  opposite  point  of  the  ecliptic, 
at  Aries,  about  the  21st  of  March; 
and  when  the  earth  is  in  Aries, 
the  sun,  S,  will  appear  m  Libra 
about  the  23d  of  September.  At 
these  times  both  poles  of  the  earth 
are  enlightened,  and  the  day  and 
night  are  equal  in  all  places. 
When  the  earth  has  moved  from 
Libra  to  Capricorn,  its  axis  keeping 
always  the  same  direction,  all 
places  within  the  north  polar  circle, 
P  e,  are  illuminated  throughout 
the  whole  diurnal  revolution,  at 
which  time  the  inhabitants  of  those 
places  have  the  sun  more  than 
twenty-four  hours  above  the  hori- 
zon. This  happens  at  the  tijne  of 
our  summer  solstice,  or  about  the 
21st  of  June,  at  which  time  the 
south  polar  circle,  d  m,  is  in  dark- 
ness. While  the  earth  is  moving 
from  Libra,  through  Capricorn, 
to  Aries,  the  north  pole,  P,  be- 
Our  summer  is  nearly  eight  days  longer 
than  our  winter.  By  summer  is  meant  the 
time  that  passes  between  March  21  and  Sep- 
tember 23,  or  between  the  vernal  and  au- 
tumnal equinoxes ;  and  by  winter,  the  time 
between  September  23  and  March  21,  the  au- 
tumnal and  vernal  equinoxes.  The  portion 
of  the  earth's  orbit  which  lies  north  of  the 
equinoctial  contains  184  degrees,  while  that 
portion  which  is  south  of  the  equinoctial  con- 
tains only  176  degrees,  being  eight  degrees 
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hm  tlian  the  other  portion,  which  is  the  reason 
why  the  sun  is  nearly  eight  days  longer  on  the 
north  of  the  equator  than  on  the  south.  In 
our  summer  the  sun's  apparent  motion  is 
through  the  six  northern  signs,  Aries,  Taurus, 
Gemini,  Cancer,  Leo,  and  Virgo  ;  and  in  our 
winter,  through  the  six  southern.  In  the 
former  case,  from  March  21  to  September  23, 
the  sun  is  about  186  days  11  hours  in  passing 
through  the  northern  signs,  and  only  178  days 
18  hours  in  passing  through  the  southern 
signs,  from  September  23  to  March  21,  the 
difference  being  about  7  days  17  hours.  The 
reason  of  this  difference  is,  that  the  earth 
moves  in  an  elliptical  orbit,  one  portion  of 
which  is  nearer  the  sun  than  another,  in  con- 
sequence of  which  the  sun's  apparent  motion 
is  slower  while  it  appears  in  the  northern 
signs  than  while  it  traverses  the  southern 
ones. 

As  the  sun  is  further  from  us  in  summer 
than  in  winter,  it  may  naturally  be  asked  why 
we  experience  the  greatest  heats  in  the  former 
season.  The  following,  among  other  reasons 
may  be  assigned,  which  will  partly  account  for 
this  effect :  1.  The  sun  rises  to  a  much  higher 
altitude  above  the  horizon  in  summer  than  in 
winter,  and,  consequently,  its  rays  falling 
more  directly  and  less  oblique,  the  thicker  or 
denser  will  they  be,  and  so  much  the  hotter, 
when  no  counteracting  causes  from  local  cir- 
cumstances exist.  Thus,  supposing  a  parcel 
of  rays,  ^  if  CD  E  (Fig.  30,)   to  fall   per- 

Fig.  30. 


pendicularly  on  any  plane  (D  C),  and  ob- 
liquely on  another  plane  (^  C),  it  is  evident 
they  will  occupy  a  smaller  space  (D  C)  in 
the  former  than  {E  C)  in  the  latter ;  and, 
consequently,  their  heat  would  be  much 
greater  in  the  lesser  space  D  C  than  in  the 
greater  space  E  C.  If,  instead  of  lines,  we 
suppose  I)  C  and  E  C  to  be  the  diameters  of 
surfaces,  then  the  heat  on  those  surfaces  will 
be  inversely  as  the  squares  of  the  diameters. 
Let  1)  C  be  20  and  E  C2S;  the  square  of 
20  is  400,  and  the  square  of  28  is  784,  which 
is  nearly  double  the  square  of  D  C,  and,  con- 
sequently, there  is  nearly  double  the  quantity 
of  heat  on  D  C  compared  with  that  on  E  C, 
in  so  ^ir  as  it  depends  on  the  direct  influence 
of  the  solar  rays ;  but  other  causes  may 
concur  either  to  diminish  or  increase  the  heat 


in  certain  places,  to  which  I  have  already 
alluded  when  describing  the  phenomena  of 
Mercury.  2.  The  greater  length  of  the  day 
contributes  to  augment  the  heat  in  summer ; 
for  the  earth  and  the  air  are  heated  by  the 
sun  in  the  daytime,  more  than  they  are 
cooled  in  the  night,  and  on  this  account  the 
heat  will  go  on  increasing  in  the  summer, 
and  for  the  same  reason  w4ll  decrease  in 
winter,  when  the  nights  are  longer  than  the 
days.  Another  reason  is,  that  in  summer, 
when  the  sun  rises  to  a  great  altitude,  his 
rays  pass  through  a  much  smaller  portion  of 
the  atmosphere,  and  are  less  refracted  and 
weakened  by  it  than  v/hen  they  fall  more 
obliquely  on  the  earth,  and  pass  through  the 
dense  vapours  near  the  horizon. 

The  cause  of  the  variety  of  the  seasons  can 
be  exhibited  with  more  clearness  and  precision 
by  means  of  machinery  than  by  verbal  de- 
scriptions ;  and,  therefore,  those  whose  concep- 
tions are  not  clear  and  well  defined  on  this 
subject  should  have  recourse  to  orreries  and 
planetariums,  which  exhibit  the  celestial  mo- 
tions by  wheelwork.  There  is  a  small  in- 
strument, called  a  Tellurian,  which  has  heen 
long  manufactured  by  Messrs.  Jones,  Holborn, 
London,  which  conveys  a  pretty  clear  idea  of 
the  motions  and  phases  ojf  the  moon,  the  in- 
clination of  the  earth's  axis  to  the  plane  of  its 
orbit,  and  the  changes  of  the  seasons.  It  may 
be  procured  at  different  prices,  from  1/.  Ss.  to 
4/.  14s.  6^.,  according  to  the  size  and  the 
quantity  of  the  wheelwork. 

The  subject  of  the  seasons  and  the  variety 
of  phenomena  they  exhibit  have  frequently 
been  the  themes  both  of  the  philosopher  and 
the  poet,  who  have  expatiated  on  the  beauty 
of  the  contrivance  and  the  benignant  effects 
they  produce ;  and  thereiore  they  conclude 
that  other  planets  enjoy  the  same  vicissitudes 
and  seasons  similar  or  analogous  to  ours.  But 
although,  in  the  present  constitution  of  our 
globe,  there  are  many  benign  agencies  which 
accompany  the  revolutions  of  the  seasons,  and 
are  essential  to  our  happiness  in  the  circum- 
stances in  which  we  now  exist,  yet  it  is  by  no 
means  probable  that  the  seasons,  as  they  now 
operate,  formed  a  part  of  the  original  arrange- 
ments of  our  terrestrial  system.  Man  was  at 
first  created  in  a  state  of  innocence,  and 
adorned  with  the  image  of  his  Maker  ;  and  the 
frame  of  nature,  we  may  confidently  suppose, 
was  so  arranged  as  to  contribute  in  every  re- 
spect both  to  his  sensitive  and  intellectual  en- 
joyment. But  neither  the  horrors  of  winter, 
and  its  dreary  aspect  in  northern  climes,  nor 
the  scorching  heats  and  appalling  thunder- 
storms which  are  experienced  in  tropical  cli- 
mates, are  congenial  to  the  rank  and  circum- 
stances of  beings  untainted  with  sin  and  en» 
dowed  with  moral  perfection.  Such  physical 
2L  (397) 
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evils  and  inconveniences  as  the  change  of 
seasons  occasionally  produces  appear  to  be 
only  adapted  to  man  in  his  present  state  of 
Tnoral  degradation.  In  the  primeval  state  of 
the  world  it  is  not  unlikely  that  the  axis  of 
the  earth  had  a  different  direction  from  what 
it  has  at  present,  and  that,  instead  of  scorching 
heats  and  piercing  colds,  and  the  gloom  and 
desolations  of  winter,  there  was  a  more  mild 
and  equable  temperature,  and  something  ap- 
proaching to  what  the  poet  calls  "  a  perpetual 
spring,"  We  are  assured,  from  the  records  of 
sacred  history,  that  the  original  constitution 
of  the  earth  has  undergone  a  considerable 
change  and  derangement :  its  strata  were  dis- 
rupted, "  the  fountains  of  the  great  deep  were 
broken  up,"  and  a  flood  of  waters  covered  the 
tops  of  the  loftiest  mouniains  ;  the  effects  of 
which  are  still  visible  in  almost  every  region 
of  the  globe.  At  that  memorable  era,  it  is 
highly  probable,  those  changes  were  intro- 
duced which  diversify  the  seasons  and  produce 
those  alarming  phenomena  and  destructive 
effects  which  we  now  behold  ;  but  as  man 
advances  in  his  moral,  intellectual,  and  reli- 
gious career,  and  in  proportion  as  his  mental 
and  moral  energies  are  made  to  bear  on  the 
renovation  of  the  world,  he  has  it  in  his  power 
to  counteract  or  meliorate  many  of  the  physi- 
cal evils  which  now  exist.  Were  the  habitable 
parts  of  the  earth  universally  cultivated,  its 
marshes  drained,  and  its  desolate  wastes  re- 
duced to  order  and  vegetable  beauty  by  the 
hand  of  art,  and  replenished  with  an  indus- 
trious and  enlightened  population,  there  can 
be  little  doubt  that  the  seasons  would  be  con- 
siderably meliorated,  and  many  physical  evils 
prevented  with  which  we  are  now  annoyod. 
And  all  this  is  within  the  power  of  man  to 
accomplish,  provided  he  chooses  to  direct  his 
wealth,  and  his  intellectual  and  moral  ener- 
gies, into  this  channel.  If  these  remarks  have 
any  foundation  in  truth,  then  we  ought  not 
to  imagine  that  the  earth  is  a  standard  by 
which  we  are  to  judge  of  the  state  of  other 
planetary  worlds,  or  that  they  are  generally  to 
be  viewed  as  having  a  diversity  of  seasons 
similar  to  ours. 

The  following  facts,  in  addition  to  the  pre- 
ceding, may  be  noted  in  relation  to  the  earth : 
Under  the  equator,  a  pendulum,  of  a  certain 
form  and  length,  makes  86,400  vibrations  in 
a  mean  solar  day ;  but,  when  transported  to 
London,  the  same  pendulum  makes  86,535 
vibrations  in  the  same  time.  Hence  it  is  con- 
cluded that  the  intensity  of  the  force  urging 
the  pendulum  downward  at  the  equator  is  to 
that  at  London  as  86,400  to  86,535,  or  as  1 
to  1.00315  ;  or,  in  other  words,  that  a  mass 
of  matter  at  the  equator  weighing  10,000 
pounds,  exerts  the  same  pressure  on  the  ground 
as  1 0,031^  of  the  same  pounds  transported  to 
(39S) 


London  would  exert  there.  If  the  gravity  of 
a  body  at  the  equator  be  1,  at  the  poles  it  will 
be  1.00569,  or  about  the  1-194  part  heavier  ; 
that  is,  a  body  weighing  194  pounds  at  the 
equator  would  weigh  195  pounds  at  the  north 
pole  ;  so  that  the  weight  of  bodies  is  increased 
as  we  advance  from  the  equator  to  the  poles, 
owing  to  the  polar  parts  being  nearer  the 
centre  of  the  earth  than  the  equatorial,  and 
the  centrifugal  force  being  diminished.  It  is 
this  variation  of  the  action  of  gravity  in  dif- 
ferent latitudes  that  causes  the  same  pendu- 
lum to  vibrate  slower  at  the  equator  than  in 
other  places,  as  stated  above.  For  a  pendulum 
to  oscillate  seconds  at  the  equator,  it  must  be 
thirty-nine  inches  in  length  ;  and  at  the  poles, 
thirty-nine  and  one  fifth  inches. 

The  tropical  year,  or  the  time  which  the 
sun  (or  the  earth)  takes  in  moving  through 
the  twelve  signs  of  the  ecliptic,  from  one  equi- 
nox to  the  same  equinox  again,  is  three  hun- 
dred and  sixty-five  days,  five  hours,  forty-eight 
minutes,  and  fifty-one  seconds.  This  is  the 
proper  or  natural  year;  because  it  always 
keeps  the  same  seasons  to  the  same  months. 
The  sidereal  year  is  the  space  of  time  the  sun 
takes  in  passing  from  any  fixed  star  till  it  re- 
turns to  the  same  star  again.  It  consists  of 
three  hundred  and  sixty-five  days,  six  hours^ 
nine  minutes,  and  eleven  and  a  half  seconds, 
being  twenty  minutes  and  twenty  and  a  half 
seconds  longer  than  the  true  solar  year.  This 
difference  is  owing  to  the  regression  of  the 
equinoctial  points,  which  is  fifty  seconds  of  a 
degree  every  year ;  and,  to  pass  over  this  space, 
the  sun  requires  twenty  minutes  and  twenty 
and  a  half  seconds.  The  earth  moves  in  an 
elliptical  orbit,  whose  eccentricity,  or  distance 
of  its  foci  from  the  centre,  is  1,618,000  miles » 
that  is,  the  ellipse  or  oval  in  which  it  moves 
is  double  the  eccentricity,  or  3,236,000  miles 
longer  in  one  direction  than  it  is  in  another, 
which  is  the  reason  that  the  sun  is  further 
from  us  at  one  season  of  the  year  than  at 
another.  This  is  ascertained  from  the  varia- 
tion of  the  apparent  diameter  of  the  sun. 
About  the  1st  of  January,  when  he  is  nearest 
the  earth,  the  apparent  diameter  is  thirty-two 
minutes,  thirty-five  seconds;  and  on  the  1st 
of  July,  when  ,he  is  most  distant,  it  is  only 
thirty-two  minutes,  thirty-one  seconds.  This 
proves  that  the  earth  has  a  slower  motion  in 
one  part  of  its  orbit  than  in  another.  In  Janu- 
ary it  moves  at  the  rate  of  about  69,600  miles 
an  hour,  but  in  July  its  rate  oi  motion  every 
hour  is  only  about  66,400  miles  ;  a  difference 
of  more  than  3000  miles  an  hour. 

ly.    OF    THE    PLA]!fET    MAHS. 

The  earth  is  placed,  in  the  solar  system,  iri 
a  position  between  the  orbits  of  Venus  and 
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Mars.  The  two  planets.  Mercury  and  Venus, 
which  are  placed  within  the  orbit  of  the  earth, 
and  whose  orbits  lie  between  it  and  the  sun, 
are  termed  the  m/en'or  planets.  Those  whose 
orbits  lie  beyond  the  orbit  of  the  earth,  at  a 
greater  distance  from  the  sun,  as  Mars,  Jupi- 
ter, Saturn,  and  Uranus,  are  termed  superior 
planets.  The  motions  and  aspects  of  all  the 
superior  planets,  as  seen  from  the  earth,  differ 
considerably  from  those  which  are  exhibited 
by  the  inferior.  In  the  first  place,  the  inferior 
planets  are  never  seen  but  in  the  neighbour- 
hood of  the  sun,  none  of  them  ever  appearing 
beyond  forty -eight  degrees  from  that  luminary; 
whereas  the  superior  planets  appear  at  all  dis" 
tances  from  the  sun,  even  in  the  opposite 
quarter  of  the  heavens,  or  180  degrees  from 
the  point  in  which  the  sun  may  happen  to  be 
placed.  This  could  not  possibly  happen  un- 
less their  orbits  were  exterior  to  that  of  the 
earth,  and  the  earth  placed  at  such  times 
between  them  and  the  sun.  In  the  next 
place,  the  inferior  planets,  when  viewed 
through  telescopes,  exhibit,  at  different  times, 
all  the  phases  of  the  moon ;  but  the  superior 
planets  never  appear  either  horned  or  in  the 
shape  of  a  half  moon.  The  planets  Jupiter, 
Saturn,  and  Uranus  never  appear  in  any 
other  shape  than  round,  or  with  full  enlight- 
ened hemispheres.  This  circumstance  of  itself 
furnishes  a  proof  that  we  see  these  planets 
always  in  a  direction  not  very  remote  fi-om 
that  in  which  they  are  illuminated  by  the  solar 
rays;  and,  consequently,  that  we  occupy  a 
station  which  is  never  very  far  removed  from 
the  centre  of  their  orbits.  It  proves,  in  other 
words,  that  the  path  of  the  earth  round  the 
sun  is  entirely  included  within  their  orbits, 
and  likewise  that  this  circular  path  of  the 
earth  is  of  small  diameter  compared  with 
their  more  expansive  orbits.  This  may  be 
illustrated  by  the  following  figures.  Let  ♦S', 
Fig.  32,  represent  the  sun;  A  B  the  orbit  of 
the  earth  ;  and  C  the  planet  Saturn,  about  ten 
times  further  from  the  sun  than  the  earth  is. 
Suppose  B  to  represent  the  earth  at  its 
greatest  elongation  from  the  sun,  as  seen  from 
Saturn  ;  the  angle,  S  C  B,  being  so  small,  it 
is  evident  that  an  observer  on  the  earth,  at  jB, 
can  see  little  or  nothing  of  the,  dark  hemi- 
spliere  of  Saturn  at  C,  but  must  perceive  the 
whole  enlightened  hemisphere  of  the  planet, 
within  a  small  fraction,  which  fraction  is  not 
perceptible  by  our  best  telescopes. 

There  is  only  one  of  the  superior  planets 
that  exhibits  any  perceptible  phase,  and  that 
is  the  planet  Mars.  Jn  Fig.  31,  *5  represents 
the  sun  ;  jE  D  the  orhi';  of  the  f,arth  ;  M 
Mars ;  and  D  the  earth  at  its  grer.i  3st  elon- 
gatioii,  as  seen  from  r.v^ars.  In  '.his  case  the 
3,t7.)^lfi  ^  MD  is  nfuch  larpe-  thai?  in  the  for- 
'?.►?  case,  as  Marc   i?   m^xisL  r  ^.lirer  to   the 


earth   than  Saturn  or  any  other  of  the  supe- 
rior planets.     Consequently,  a   spectator   on 
Fig.  31.  rig.  B%. 


the  earth  is  enabled  to  B^e  «,  greater  T^crti^n 
of  the  dark  hemisphere  of  Mars,  c.nc.,  ;^f  course^ 
loses  sight  of  a  corresponding  portion  of  hib 
enlightened  disk.  This  is  represented  by  the 
line  h  i.  This  gibbous  phase  of  Mars,  how- 
ever, differs  only  in  a  small  degree  from  a 
circle  ;  it  is  never  less  than  seven  eighths  of 
the  whole  disk.  This  phase  is  represented  in 
Fig.  33.  When  the  earth  arrives  near  the 
point  jP,  when  Mars  appears  in  opposition 
io  the  sun,  the  whole  of  his  enlightened  h?imi- 
sphere  is  then  visible.  The  extent  of  the  gib- 
bous phase  of  this  planet  affords  a  measure  of 
the  angle  S  MD,  and,  therefore,  of  tho  pro- 
portion of  the  distai-ce,  S  M  of  Mars,  to  8  D 
or  S  F,  the  distance  of  the  earth  from  the  sun, 
by  which  we  are  warranted  to  conclrde  that 
the  diameter  of  the  orbit  of  Mars  cannot  be 
less  than  1  1-2  that  of  the  orbit  of  the  earth. 
The  phases  of  Saturn,  Jupiter,  and  l^ranus  be- 
ing quite  imperceptible,  demonstrates  that  their 
orbits  must  include  both  the  orbit  of  the  earth 
and  that  of  Mars ;  and,  consequently,  that 
they  are  removed  at  a  much  greater  distance 
than  either  of  these  bodies  from  the  centre  of 
the  system. 

Before  proceeding  to  a  particular  descrip  ■ 
tion  of  the  phenomena  connected  with  the 
planet  Mars,  I  shall  give  a  brief  sketch  of  the 
rrioi'f^ns  peculiar  to  this   planet,  which  wiU 
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serve,  in  some  measure,  as  a  specimen  of  the 
apparent  motions  of  all  the  other  superior 
planets.  In  the  following  figure  S  represents 
the  sun ;  A  B  C  D  the  planet  Mars  in  four 
different  positions  in  its  orbit ;  E  F  G  H I K, 
the  orbit  of  the  earth  ;  and  L  M  N  0  P,  a 
segment  of  the  starry  heavens.  Suppose  Mars 
at  A  and  the  earth  at  E,  directly  between  it 
and  the  sun,  then  all  the  planet's  enlightened 
hemisphere  will  be  turned  towards  the  earth, 
and  it  will  appear  like  the  full  moon.  When 
the  planet  is  at  B  it  will  be  gibbous,  like 
the  moon  a  few  daj^s  before  or  after  the  full. 
At  C  it  would  again  appear  wholly  enlight- 
ened, were  it  not  in  the  same  part  of  the  hea- 


Fig.  34. 


vene  whli  the  sun.  At  D  it  is  again  gibbous, 
as  seen  from  E,  and  will  appear  less  gibbous 
as  it  advances  towards  A.  At  J.  it  is  said  to 
be  in  opposition  to  the  sun,  being  seen  from 
the  earth  at  E  among  the  stars  at  N,  while 
the  sun  is  seen  in  the  opposite  direction,  E  C. 
When  the  planet  is  at  C  and  the  earth  at  E, 
it  is  said  to  be  in  conjunction  with  the  sun, 
being  in  the  same  part  of  the  heavens  with 
that  luminary,  in  regard  to  all  the  superior 
planets,  there  is  but  one  conjunction  with  the 
sun  during  the  course  of  their  revolution  ; 
whereas  the  inferior  planets,  Mercury  and 
Venus,  have  two  conjunctions,  as  formerly  ex- 
plained. Let  us  new  attend  to  the  apparent 
irotions  of  this  planet.  Suppose  the  earth 
at  F,  and  the  planet  at  rest  :n  iis  orbit  at  A, 
h  will  be  projected  or  seen  by  a  ray  of  ligh*; 
among  the  s^ars  at  L  ;  when  the  earth  arrivcc 
hi  Gy  the  planet  will  appear  ?t  M,  by  the  vay 
G  M'^  rnd  in  the  same  manner,  when  the 
(400) 


earth  is  at  H,  I,  and  K,  the  planet  will  be  Bf-en 
among  the  stars  at  iV,  0,  and  P  ;  and,  there- 
fore, while  the  earth  moves  over  the  large  part 
of  its  orbit,  F  H  K,  the  planet  will  have  an 
apparent  motion  from  L  to  P  among  the  stars, 
and  this  motion  is  from  west  to  east,  in  the 
order  of  the  signs,  or  in  the  same  direction 
in  which  the  earth  moves ;  and  the  planet  is 
then  said  to  be  c?zVec/  in  motion.  When  the 
earth  is  at  K  and  the  planet  appears  at  P,  for 
a  short  space  of  time  it  appears  stationary, 
because  the  ray  of  light  proceeding  from  P  to 
K  nearly  coincides  with  the  earth's  orbit  and 
the  direction  of  its  motion.  But  when  the 
earth  moves  on  from  Kio  E,  the  planet  will 
appear  to  return  from  P  to  N;  and  while  the 
earth  moves  from  E  to  F,  the  planet  will  still 
continue  to  retrograde  from  N  to  L,  where  it 
will  again  appear  stationary  as  before.  From 
what  has  been  now  stated,  it  is  clear  that, 
since  the  part  of  the  orbit  which  the  earth  de- 
scribes in  passing  through  FHK  is  much 
greater  than  the  arch  KEF,  and  the  space 
L  P  which  the  planet  describes  in  its  direct 
and  retrograde  motion  is  the  same  )  therefore, 
the  direct  motion  is  very  slow  from  L  to  P, 
in  comparison  of  the  retrograde  motion  from 
P  to  h,  which  is  performed  in  much  less 
time. 

In  the  above  description  I  have  supposed 
the  planet  at  rest  in  its  orbit  at  A,  in  order  to 
render  the  explanation  more  easy  and  simple, 
and  the  diagram  less  complex  than  it  would 
have  been  had  we  traced  the  planet  through 
different  parts  of  its  orbit,  together  with  the 
motions  of  the  earth.  But  the  appearances 
are  the  same,  whether  we  suppose  the  planet 
to  be  at  rest  or  in  motion.  The  only  dif- 
ference is  in  the  tim,e  when  the  retrograde  or 
direct  motions  happen,  and  in  the  places  of  the 
heavens  where  the  planet  will  be  at  such 
times  situated.  What  has  now^  been  stated 
in  regard  to  the  apparent  motions  of  Mars 
will  apply  to  Jupiter,  Saturn,  and  all  the  su- 
perior planets,  making  allowance  for  the  dif- 
ference of  time  in  which  their  direct  and  retro- 
grade motions  are  performed.  All  the  supe- 
rior planets  are  retrograde  in  their  apparent 
motions  when  in  opposition,  and  for  some 
time  before  and  after ;  but  they  differ  greatly 
from  each  other,  both  in  the  extent  of  their 
arc  of  retrogradation,  in  the  duration  of  their 
retrograde  movement,  and  in  its  rapidity, 
when  swiftest.  It  is  more  extensive  ar.d  rapid 
in  the  case  of  Mars  than  of  Jupiter  of  Ju- 
piter than  of  Saturn,  and  of  Saturn  than  of 
Uranus.  The  longer  the  periodic  time  oz  an< 
nual  revolution  of  a  superior  planet,  the  more 
Irequent  are  its  stations  and  ]-etrogradalions ; 
they  ar'7  les'.  in  quantity,  but  continue  a  longer 
time.  The  mean  arc  of  retrogradatioa  oi 
?lars,  or  from  ?  w  i>.  I^  rg.  34,  is  sixteen  df,- 
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grees,  twelve  minutes,  and  it  continues  about 
seventy-three  days;  while  the  mean  arc  of 
retrogradation  of  Jupiter  is  only  nine  degrees, 
fifty-four  minutes,  but  its  mean  duration  is 
about  121  days.  The  time  between  one  op- 
position of  Saturn  and  another  is  378  days, 
or  one  year  and  thirteen  days.  The  time  be- 
tween two  conjunctions  or  oppositions  of  Ju- 
piter is  398  days,  or  one  year  and  thirty -three 
days.  But  Mars,  after  an  opposition,  does 
not  come  again  into  the  same  situation  till 
after  two  years  and  fifty  days.  It  is  only  at 
and  near  the  time  of  the  opposition  of  Mars 
that  we  have  the  best  telescopic  views  of  that 
planet,  as  it  is  then  nearest  the  earth ;  and, 
consequently,  when  it  has  passed  its  oppo- 
sition for  any  considerable  time,  a  period  of 
two  years  must  elapse  before  we  see  it  again 
in  such  a  conspicuous  situation-  Hence  it  is 
that  this  planet  is  seldom  noticed  by  ordinary 
observers,  except  during  a  period  of  three  or 
four  months  every  two  years.  At  all  other 
times  it  dwindles  to  the  apparent  size  of  a 
small  star. 

Distance,  Motion,  and  Orbit  of  Mars. — 
This  planet  is  ascertained  to  be  about  145 
millions  of  miles  from  the  sun.  From  what 
we  have  stated  above  it  is  obvious  that,  in  the 
course  of  its  revolution,  it  is  at  very  different 
distances  from  the  earth.  When  at  its  greatest 
distance,  as  when  the  earth  is  at  E,  and  the 
planet  at  C,  Fig.  34,  it  is  240  millions  of  miles 
from  the  earth.  This  will  appear  from  an  in- 
spection of  the  figure.  The  distance,  E  S, 
from  the  earth  to  the  sun  is  95  millions  of 
miles ;  the  distance,  »S  C,  of  Mars  from  the 
sun  is  145  millions.  These  distances  added 
together  amount  to  the  whole  distance  from 
E  to  C,  or  from  the  earth  to  Mars  when  in 
conjunction  with  the  sun.  When  nearest  the 
earth,  as  at  A,  it  is  only  50  millions  of  miles 
distant  from  us.  For  as  the  whole  distance 
of  the  planet  from  the  sun,  A  S,  is  145  mil- 
lions, subtract  the  distance  of  the  earth  from 
the  sun,  E  S=-95  millions,  and  the  remainder 
will  be  the  distance  of  the  planet,  E  j4=50 
millions  of  miles  from  the  earth.  Small  as 
this  distance  may  appear  compared  with  that 
of  some  of  the  other  planets,  it  would  require 
more  than  285  years  for  a  steam-carriage, 
moving  without  intermission  at  the  rate  of 
twent)'-  miles  an  hour,  to  pass  over  the  space 
which  intervenes  between  the  earth  and  Mars 
at  its  nearest  distance. 

From  what  has  been  now  stated,  it  is  evi- 
dent that  this  planet  will  present  a  very  dif- 
ferent aspect  as  to  size  and  splendour  in 
jilferent  parts  of  its  orbit.  When  nearest  to 
the  earth,  it  appears  with  a  surface  twenty- 
five  times  larger  than  it  does  at  its  greatest 
distance,  and  seems  to  vie  with  Jupiter  in  ap- 
parent magnitude  and  splendour.  But,  when 
51 


verging  towards  its  conjunction  with  the  sun, 
it  is  almost  imperceptible.  And  this  is  one 
proof,  among  others,  of  the  truth  of  the  Co- 
pernican  system.  All  its  motions,  stations, 
and  direct  and  retrograde  movements,  and  the 
times  in  which  they  happen,  exactly  accord 
with  its  position  in  the  system  and  th«  motion 
of  the  earth,  as  a  planet  between  the  orbits  of 
Venus  and  Mars.  Whereas,  were  the  eartli 
supposed  to  be  the  centre  of  this  planet's  mo- 
tion, according  to  the  Ptolemaic  hypothesis, 
it  would  be  impossible  to  account  for  any  of 
the  phenomena  above  stated. 

The  orbit  of  Mars  is  901,064,000,  or  more 
than  900  millions  of  miles  in  circumference. 
Through  this  space  it  moves  in  one  year  and 
322day^,  orin  16,488  hours.  Consequently, 
its  rate  of  motion  is  54,640  miles  every  hour, 
which  is  more  than  a  hundred  times  the 
greatest  velocity  of  a  cannon  ball  when  it 
leaves  the  mouth  of  the  cannon.  The  diur- 
nal rotation  of  this  planet,  or  its  revolution 
round  its  axis,  is  accomplished  in  twenty-four 
hours,  thirty-nine  minutes,  tv/enty-one  se- 
conds, which  is  about  two-thirds  of  an  hour 
longer  than  our  day.  This  period  of  rotation 
was  first  ascertained  by  Cassini,  from  the  mo- 
tion of  certain  spots  on  its  surface,  which  I 
shall  afterward  describe.  Its  axis  is  inclined 
to  the  plane  of  its  orbit  in  an  angle  of  thirty 
degrees,  eighteen  minutes,  which  is  nearly 
seven  degrees  more  inclined  from  the  perpen- 
dicular than  that  of  the  earth.  This  motion 
is  in  the  same  direction  as  the  rotation  of  the 
earth,  namely,  from  west  to  east.  The  incli- 
nation of  the  orbit  of  Mars  to  that  of  the 
earth  is  one  degree,  fifly-one  minutes,  six  se- 
conds, so  that  this  planet  is  never  so  much  as 
two  degrees  either  north  or  south  of  the 
ecliptic.  The  orbit  of  Mars  is  considerably 
eccentric.  Its  eccentricity  is  no  less  than 
13,463,000  miles,  or  about  1-21  of  its  diame- 
ter, which  is  more  than  eight  times  the  eccen- 
tricity of  the  orbit  of  the  earth.  Hence  it 
follows,  that  Mars,  when  in  opposition  to  the 
sun,  may  be  nearer  the  earth  by  a  considerable 
number  of  millions  of  miles  at  one  time  than 
at  another,  when  he  happens  to  be  about  his 
perihelion,  or  nearest  distance  from  the  sun 
at  such  opposition.  On  the  27th  of  August, 
1719,  this  planet  was  in  such  a  position, 
being  in  opposition  within  two  and  a:  half  de- 
grees of  its  perihelion,  and  nearer  to  the  earth 
than  it  had  been  for  a  long  period  before ;  so 
that  its  magnitude  and'  brightness  were  so 
much  increased  that,  by  common  spectators, 
it  was  taken  for  a  new  star. 

Appearance  of  the  Surface  of  Mars  when 
viewed  through  Telescopes, — It  was  not  be- 
fore  the  telescope  was  brought  to  a  certain 
degree  of  perfection  that  spots  were  discovered 
on  the  surface  of  Mars.  This  instrmncnt  wa* 
2  L  2.'  i^dV. 
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first  directed  to  the  heavens  by  Galileo,  in  the 
year  1610,  but  it  was  not  till  the  beginning 
of  1666  than  any  of  the  spots  which  diversify 
this  planet  were  discovered.  On  the  6th  of 
February,  that  year,  in  the  morning,  Cassini, 
with  a  telescope  of  sixteen  feet  long,  saw  two 
dark  spots  on  the  face  of  Mars,  as  represented 
in  Fig.  35  ;  and  on  February  24,  in  the  even- 
ing, he  saw  on  the  other  face  of  the  planet 
two  other  spots,  somewhat  like  those  of  the 
first,  but  larger,  as  represented  in  Fig.  36. 


of  Mars  is  represented  in  Fig.  37.  On  2 
27th  of  August,  1719,  the  same  observe/ 
with  a  telescope  of  thirty-four  feet  in  length, 
perceived,  among  several  other  spots,  a  long 
belt  that  reached  about  half  way  round  the 
planet,  not  parallel  to  its  equator,  to  the  end 
of  which  another  short  belt  was  joined,  so  as 
to  form  an  angle  a  little  obtuse,  as  represented 
in  Fig.  38. 

Fig.  37.  Fig.  38. 


Fig.  35. 


Fig.  36. 


These  figures  are  copied  from  the  first  volume 
of  the  Transactions  of  the  Royal  Society. 
Aflerward,  continuing  his  observations,  he 
found  the  spots  of  these  two  faces  to  turn  by 
little  and  little  from  east  to  west,  and  to  return 
at  last  to  the  same  situation  in  which  he  had 
first  seen  them.  Campani  and  several  other 
astronomers  observed  similar  spots  about  the 
same  time  at  Rome,  and  Dr.  Hook  in  Eng- 
land. Some  of  these  observers  were  led  to 
conclude,  from  the  motion  of  these  spots, 
that  the  rotation  of  this  planet  was  accom- 
plished in  thirteen  hours;  but  Cassini,  who 
observed  them  with  particular  care,  proved 
that  the  period  of  rotation  was  about  twenty- 
four  hours  and  forty  minutes,  and  showed 
that  the  error  of  the  other  astronomers  arose 
from  their  not  distinguishing  the  difference 
of  the  spots  which  appeared  on  the  opposite 
sides  of  the  disk  of  Mars.  The  deductions 
of  Cassini  on  this  point  have  been  fully  con- 
firmed by  subsequent  observations. 

Maraldi,  a  celebrated  French  mathematician 
and  astronomer,  made  particular  observations 
on  these  spots  in  the  year  1704.  He  observed 
that  the  spots  were  not  always  well  defined, 
and  that  they  often  changed  their  form,  not 
only  in  the  space  of  time  from  one  opposition 
to  another,  but  even  within  the  space  of  a 
month ;  but  some  of  them  continued  of  the 
name  form  long  enough  to  ascertain  their 
periods.  Among  these  was  an  oblong  spot, 
not  unlike  one  of  the  broken  belts  of  Jupiter, 
that  did  not  reach  quite  round  the  body  of 
Mars,  but  had,  not  far  from  the  middle  of  it,  a 
small  protuberance  towards  the  north,  so  well 
defined  as  to  enable  him  to  settle  the  period 
of  ^ its  revolution  at  twenty-four  hours,  thirty- 
nine  minutes ;  only  one  minute  less  than  as 
Cassini  had  determined  it.  This  appearance 
4402) 


The  following  figures  represent  the  appeal 
dnce  of  the  spots  as  seen  by  Dr.  Hook  in 
1666.  He  saw  Mars  on  March  3,  1666,  as 
represented  in  Fig  39,  which  appearance  was 
taken  down  at  the  moment  of  observation, 
On  the  23d  of  the  same  month  he  perceived 
the  spots  as  delineated  in  Fig.  40,  which  ap» 

Fig.  39.  Fig.  40. 


pears  to  have  been  either  the  same  spots  in 
another  position,  or  some  other  spots  on  th>9 
other  hemisphere  of  the  planet. 

The  following  are  two  views  of  this  planet 
by  Sir  William  Herschel,  who  has  given  a 
great  variety  of  delineations  of  the  different 
appearances  of  Mars  in  the  Transactions  of 
the  Royal  Society  of  London  for  1784. 
Fig  41.  Fig.  42. 


My  own  views  of  this  planet  have  not  beeu 
numerous,  as  it  is  only  at  intervals  of  two 
years,  when  near  its  opposition,  that  observa- 
tions can  be  made  on  its  surface  with  effect 
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I  have,  however,  distinctly  perceived  its  sur- 
face as   delineated   in   Figures   43    and   44. 
Fi^.  43.  Fiff.  44, 


These  observations  were  made  in  November 
and  December,  1832,  and  in  January,  1837, 
and  the  appearances  were  very  nearly  the 
same  ;  but  the  spots  as  represented  in  the  two 
figures  were  seen  at  different  times,  and  were 
evidently  on  different  hemispheres  of  the  pla- 
net, which  were  presented  in  succession  by  its 
motion  of  rotation.  The  instrument  used  in 
the  observations  was  a  44^  inch  achromatic 
telescope,  with  magnifying  powers  of  150  and 
180  times. 

Besides  the  dark  spots  here  delineated,  there 
Is  a  small  portion  of  the  globe  of  Mars,  round 
its  south  pole,  which  has,  at  least  occasionally, 
a  much  brighter  appearance  than  the  other 
parts.  Maraldi,  who  made  observations  on 
Mars  about  the  year  1719,  says  that  this 
bright  spot  had  been  noticed  for  sixty  years 
before  that  period,  and  that  it  is  more  perma- 
nent than  any  o£  the  other  spots  of  Mars; 
that  this  segment  or  zone  is  not  all  of  equal 
brightness,  more  than  one  half  of  it  being 
brighter  than  the  rest;  that  the  part  which  is 
least  bright  is  subject  to  great  changes,  and 
has  sometimes  disappeared ;  and  that  there 
has  sometimes  been  seen  a  similar  luminous 
zone  round  the  north  pole  of  Mars,  which  has 
appeared  of  different  brightness  in  different 
years.  The  bright  spot  at  the  polar  point  is 
represented  at  0,  Figures  41  and  42.  These 
white  spots  have  been  conjectured  to  be  snow, 
as  they  disappear  when  they  have  been  long 
exposed  to  the  sun,  and  are  greatest  when 
just  emerging  from  the  long  night  of  the 
polar  winter  in  that  planet.  This  is  the 
opinion  of  Sir  W.  Herschel,  in  his  paper  on 
this  subject  in  the  Philosophical  Transactions. 
"In  the  year  1781,"  says  this  astronomer, 
"  the  south  polar  spot  was  extremely  large, 
which  we  might  well  expect,  as  that  pole  had 
but  lately  been  involved  in  a  whole  twelve- 
month's darkness  and  absence  of  the  sun; 
but  in  1783  I  found  it  considerably  smaller 
than  before,  and  it  decreased  continually  from 
the  20th  of  May  till  about  the  middle  of  Sep- 
tember, when  it  seemed  to  be  at  a  stand. 
During  this  last  period  the  south  pole  had 
already  been  about  eight  months  enjoying  the 
benefit  of  summer,  and  still  continued  to  re- 


ceive the  sunbeams,  though,  towards  the  latter 
end,  in  such  an  oblique  direction  as  to  be  but 
little  benefited  by  them.  On  the  other  hand, 
in  the  year  1781,  the  north  polar  spot,  which 
had  then  been  its  twelvemonth  in  the  sun- 
shine, and  was  but  lately  returning  into 
darkness,  appeared  small,  though  undoubtedly 
increasing  in  size."  Hence  he  concludes, 
"  that  the  bright  polar  spots  are  owing  to  the 
vivid  reflection  of  light  from  frozen  regions, 
and  that  the  reduction  of  those  spots  is  to  be 
ascribed  to  their  being  exposed  to  the  sun." 

Atmosphere  of  Mars. — From  the  gradual 
diminution  of  the  light  of  the  fixed  stars  when 
they  approach  near  the  disk  of  Mars,  it  has 
been  inferred  that  this  planet  is  surrounded 
with  an  atmosphere  of  great  extent.  Although 
the  extent  of  this  atmosphere  has  been  much 
overrated,   yet  it  is   generally   admitted    by 
astronomers  that  an  atmosphere  of  consider- 
able density  and  elevation  exists.     Both  Cas- 
sini  and  Roemer  observed  a  star,  at  six  minutes 
from  the  disk  of  Mars,  become  so  faint  before 
it  was  covered  by  the  planet  that  it  could  not 
be   seen   even  with   a   three   feet  telescope; 
which,  in  all  probability,  was  caused  by  the 
light  of  the  star  being  obscured  by  passing 
through  the  dense  part  of  the  atmosphere  of 
the  planet.     It  is  doubtless  owing  to  this  cir- 
cumstance that  Mars  presents  so  ruddy  an 
appearance,  more  so  than  any  other  planet  or 
star  in  the  nocturnal  sky.     When  a  beam  of 
light   passes    through   a   dense   medium,   its 
colour  inclines  to  red,  the  other  rays  being 
partly  reflected  or  absorbed.    Thus  the  morn- 
ing and  evening  clouds  are  generally  tinged 
with  red,  and  the  sun,  moon,  and  stars,  when 
near  the  horizon,  either  rising  or  setting,  uni- 
formly assume  a  ruddy  aspect,  because  their 
light    then    passes    through   the   lower   and 
denser  part  of  our  atmosphere.     When  the 
light  of  the   sun  passes  through  the  atmo- 
sphere of  Mars,  the  most  refrangible  colours, 
such  as  the  violet,  will  be  partly  absorbed ; 
and  before  the  reflected  rays  reach  the  earth, 
they  must  again  pass  through  the  atmosphere 
of  the  planet,  and  be  deprived  of  another  por- 
tion of  the  most  refrangible  rays ;  and,  conse- 
quently, the  red  rays  will  predominate,  and 
the  planet  assume  a  dull  red  colour.     This  I 
conceive  to  be  the  chief  reason  why  I  could 
never  perceive   Mars   in  the  daytime,  even 
when  in  the  most  favourable  position,  so  dis- 
tinctly as  Jupiter,  although  the  quantity  of 
solar  light  which  falls  on  this  planet  is  more 
than  eleven  times  greater  than  what  falls  on 
Jupiter ;  which  seems  to  indicate  that  Jupiter 
is  surrounded  with  a  less  dense  and  more 
transparent   atmosphere.     Sir  W.   Herschel, 
though  he  questions  the  accuracy  of  some  of 
the  observations  of  the  dimness  caused  by  the 
appulses  of  the  fixed  stars  to  this  planet,  yet 
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admits  that  it  tias  a  considerable  atmosphere. 
"  For,"  says  he,  "  besides  the  permanent  spots 
on  its  surface,  I  have  often  noticed  occasional 
changes  of  partial  bright  belts,  and  also  once 
a  darkish  one  in  a  pretty  high  latitude ;  and 
these  alterations  we  can  hardly  ascribe  to  any 
other  cause  than  the  variable  disposition  of 
clouds  and  vapours  floating  in  the  atmosphere 
of  the  planet." 

CoJiclusions  respecting  the  Physical  Con- 
stitution of  Mars. — From  the  preceding  ob- 
servations and  the  views  we  have  exhibited 
of  this  planet,  I  presume  we  are  warranted  to 
deduce,  with  a  high  degree  of  probability,  the 
following  conclusions :  1.  That  land  and 
water,  analogous  to  those  on  our  globe,  exist 
in  the  planet  Mars.  The  dark  spots  are 
obviously  the  water  or  seas  upon  its  surface, 
which  reflect  a  much  less  proportion  of  the 
solar  light  than  the  land.  "  The  seas,"  says 
Sir  John  Herschel,  "  by  a  general  law  in 
optics,  appear  greenish,  and  form  a  contrast 
to  the  land.  I  have  noticed  this  phenomenon 
on  many  occasions,  but  never  more  distinct 
than  on  the  occasion  when  the  drawing  was 
made ;"  from  which  the  figure  of  Mars  in  his 
"  Astronomy"  is  engraved.  It  is  not  im- 
probable, from  the  size  of  the  dark  spots 
compared  with  the  whole  disk  of  Mars,  that 
about  one-third  or  one-fourth  of  the  surface 
of  that  planet  is  covered  with  water.  If  this 
estimate  be  nearly  correct,  it  will  follow  that 
the  quantity  of  land  and  water  on  Mars  is 
nearly  in  a  reverse  proportion  to  that  which 
obtains  on  our  globe,  where  the  quantity  of 
water  is  nearly  four  times  greater  than  that 
of  the  land.  The  dark  spots  in  some  of  the 
views  given  above  seem  to  convey  the  idea 
of  several  large  gulfs  or  bays  running  up  into 
the  land.  The  various  appearances  of  these 
spots  which  we  have  delineated  are  partly 
owing  to  the  different  relations  and  positions 
in  which  they  appear  during  different  periods 
of  the  planet's  rotation,  as  I  have  already 
shown  would  happen  in  the  appearance  of 
the  earth  were  it  viewed  from  a  distance  in 
the  heavens  (see  page  51.)  2.  It  is  pro- 
bable, too,  that  there  are  strata  of  clouds  of 
considerable  extent  occasionally  floating  in 
the  atmosphere  of  Mars;  for  some  of  the 
observers  referred  to  above  have  remarked 
that  some  of  the  spots  "  changed  their  form  in 
the  course  of  a  month ;"  and  Sir  W.  Herschel, 
as  above  stated,  declares  that  he  has  noticed 
"occasional  changes  of  partial  bright  belts, 
and  also  once  of  a  darkish  one."  These,  in 
all  probability,  were  clouds  of  greater  or  less 
density,  which,  for  the  most  part,  would  appear 
brighter  than  the  seas  by  the  reflection  of  the 
solar  rays  from  their  upper  surfaces;  for 
although  the  under  surface  of  dense  clouds 
appears  dark  to  us  who  view  them  from 
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below,  yet,  were  we  to  view  their  upper  mxT" 
face  from  a  distance  when  the  sun  shines 
upon  them,  they  would  undoubtedly  present 
a  bright  appearance  by  the  reflection  of  the 
solar  rays.  It  is  doubtless  owing  to  the  occa- 
sional interposition  of  such  clouds  in  the 
atmosphere  of  Mars  that  the  permanent  spots 
sometimes  appear  to  vary  their  form  and 
aspect.  3.  A  variety  of  seasons,  somewhat 
similar  to  ours,  must  be  experienced  in  this 
planet.  The  diversity  of  seasons  on  our 
globe  arises  chiefly  from  the  inclination  of  its 
axis  to  the  plane  of  the  ecliptic.  Now,  in 
reference  to  Mars,  the  axis  of  rotation  is  in- 
clined to  its  orbit  at  even  a  greater  angle  than 
that  of  the  earth ;  and,  therefore,  the  contrast 
between  its  opposite  seasons  is  probably  more 
marked  and  striking  than  on  the  earth.  The 
seasons  will  also  continue  for  a  much  longer 
period  than  with  us,  as  the  year  in  Mars  is 
nearly  double  the  length  of  ours,  so  that  sum™ 
mer  and  winter  will  be  prolonged  for  a  period 
of  eight  or  nine  months  respectively.  If  the 
opinion  of  Sir  W.  Herschel  be  correct,  that 
the  white  spots  at  the  poles  of  Mars  are 
caused  by  the  reflection  of  the  sun's  rays 
from  masses  of  ice  and  snow,  it  will  afford  an 
additional  proof  of  the  existence  of  a  diversity 
of  seasons  on  this  planet,  and  that  its  inhabit- 
ants are  subjected  to  a  winter  of  great  severity 
and  of  long  duration.  4.  This  planet  bears  a 
more  striking  resemblance  to  the  earth  than 
any  other  planet  in  the  solar  system.  Its 
distance  from  the  sun,  compared  with  that 
of  the  other  superior  planets,  is  but  a  little 
more  than  that  of  the  earth.  The  distinction 
of  land  and  water  on  its  surface  is  more 
strikingly  marked  than  on  any  of  the  other 
planets.  It  is  encompassed  with  an  atmo- 
sphere of  considerable  extent.  It  is  probable 
that  large  masses  of  clouds  are  occasionally 
formed  in  that  atmospliere,  such  as  sometimes 
hover  over  the  whole  of  Britain,  and  even  of 
Europe,  for  several  weeks  at  a  time.  The 
length  of  the  day  is  nearly  the  same  as  ours, 
and  it  has  evidently  a  succession  of  different 
seasons.  Were  we  warranted  from  such  cir- 
cumstances to  form  an  opinion  respecting  the 
physical  and  moral  state  of  the  beings  that 
inhabit  it,  we  might  be  apt  to  conclude  that 
they  are  in  a  condition  not  altogether  very 
different  from  that  of  the  inhabitants  of  our 
globe. 

Magnitude  and  Extent  of  Surface  of 
Mars. — This  planet  is  now  estimated  to  be 
about  4200  miles  in  diameter,  which  is  only 
a  little  more  than  half  the  dian.eter  of  the 
earth.  It  contains  38,792,000,000,  or  more 
than  38  thousand  millions  of  solid  miles ;  and 
the  number  of  square  miles  on  its  surface  is 
55,417,824,  or  more  than  fifty-five  millions, 
which  is  about  six  millions  of  square  miiea 
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more  tlian  on  all  tbe  habitable  parts  of  our 
globe.  At  the  rate  of  population  formerly 
fetated,  280  to  a  square  mile,  it  would  contain 
a  population  of  more  than  fifteen  thousand 
five  hundred  millions,  which  is  nineteen  times 
the  number  of  the  inhabitants  of  the  earth ; 
but,  as  it  is  probable  that  one-third  of  the 
surface  of  Mars  is  covered  with  water,  should 
we  subtract  one-third  from  these  sums  there 
w^ould  still  remain  accommodation  for  twelve 
times  the  number  of  the  population  of  our 
globe. 

No  moon  or  secondary  planet  has  yet  been 
discovered  about  Mars;  yet  this  is  no  proof 
that  it  is  destitute  of  such  an  attendant ;  for 
as  all  the  secondary  planets  are  much  less 
than  their  primaries,  and  as  Mars  ranks  among 
the  smallest  planets  of  the  system,  its  satellite, 
if  any  exist,  must  be  extremely  small.  The 
second  satellite  of  Jupiter  is  only  the  1-43 
part  of  the  diameter  of  that  planet;  and  a 
satellite  bearing  the  same  proportion  to  Mars 
would  be  only  ninety-seven  miles  in  diameter. 
But,  suppose  it  were  double  this  size,  it  could 
scarcely  be  distinguishable  by  our  telescopes, 
especially  when  we  consider  that  such  a  satel- 
lite would  never  appear  to  recede  to  any  con- 
siderable distance  from  the  margin  of  Mars. 
The  distance  of  the  first  satellite  of  Jupiter  is 
only  three  diameters  of  that  planet  from  its 
centre ;  and  the  distance  of  the  first  satellite 
of  Saturn  is  but  one  diameter  and  two  thirds 
from  its  centre.  Now,  if  a  satellite  of  the 
size  we  have  supposed  were  to  revolve  round 
Mars  at  the  distance  of  only  two  or  three  of 
its  diameters,  its  nearness  to  the  body  of  Mars 
Would  generally  prevent  its  being  perceived, 
unless  with  telescopes  of  very  great  power 
and  under  certain  favourable  circumstances; 
and  it  could  never  be  expected  to  be  seen  but 
about  the  time  of  that  planet's  opposition  to 
the  sun,  which  happens  only  at  an  interval 
of  more  than  two  years!.  If  such  a  satellite 
exist,  it  is  highly  probable  that  it  will  revolve 
at  the  nearest  possible  distance  from  the  planet, 
in  order  to  afford  it  the  greatest  quantity  of 
light;  in  which  case  it  would  never  be  seen 
beyond  two  minutes  of  a  degree  from  the 
margin  of  the  planet,  and  that  only  in  certain 
favourable  positions.  If  the  plane  of  its  orbit 
lay  nearly  in  a  line  with  our  axis  of  vision,  it 
would  frequently  be  hidden  either  by  the 
interposition  of  the  body  of  Mars  or  by  tran- 
siting its  disk.  It  is  therefore  possible,  and 
not  at  all  improbable,  that  Mars  may  have 
a  satellite,  although  it  has  not  yet  been  dis- 
covered. It  is  no  argument  for  the  non-ex- 
istence of  such  a  body  that  we  have  not  yet 
sesn  ic ;  but  it  ought  to  serve  as  an  argument 
to  st-malate  us  to  apply  our  most  powerful 
instiuments  to  the  regions  around  this  planet 
«>ith  more  frequency  and  attention  thai;  we 


have  hitherto  done,  and  it  is  possible  our  dili- 
gence may  be  rewarded  with  the  discovery. 
The  long  duration  of  winter  in  the  polar 
regions  of  Mars  seems  to  require  a  moon  to 
cheer  them  during  the  long  absence  of  the 
sun ;  and  if  there  be  none,  the  inhabitants  of 
those  regions  must  be  in  a  far  more  dreary 
condition  than  the  Laplanders  and  Greea- 
landers  of  our  globe. 

Proportion  of  Light  on  the  Surface  of 
Mars. — As  the  quantity  of  solar  light  on  any 
of  the  planets  is  in  an  inverse  proportion  to 
their  distances  from  the  sun,  the  quantity  of 
light  which  falls  upon  Mars  will  be  much  less 
than  that  which  we  enjoy.  It  is  nearly  in  the 
proportion  of  43  to  100,  which  is  less  than 
one-half  of  the  light  which  falls  upon  the 
earth.  This  is  partly  the  reason  why  Mars 
appears  so  much  less  brilliant  than  Venus, 
but  it  is  not  the  only  reason  ;  for  Jupiter  ap- 
pears much  more  brilliant  than  Mars,  although 
he  is  placed  at  a  much  greater  distance  from 
the  sun.  The  refraction,  reflection,  and  ab- 
sorption of  the  rays  of  light,  in  passing  through 
the  dense  atmosphere  to  which  we  have  allud- 
ed, form,  doubtless,  one  principal  reason  why 
Mars  appears  more  sombre  in  its  aspect  than 
Jupiter  or  Venus.  The  following  figure  re- 
Fig.  45. 


presents  the  apparent  size  of  the  sun  as  seen 
from  Mars  and  the  earth.  The  circle  m  re- 
presents the  size  of  the  sun  as  seen  from  Mars, 
and  e  as  seen  from  the  earth.  The  degree  of 
heat  on  different  parts  of  this  planet  will  de- 
pend upon  various  circumstances;  the  inclina- 
tion of  its  axis,  the  positjons  of  places  in  respect 
to  its  equator  and  poles,  the  nature  of  its  soil, 
the  materials  which  compose  its  surface,  the 
quantity  of  water  in  different  regions,  the  con- 
stitution of  its  atmosphere,  and  other  circum- 
stances with  which  we  are  unacquainted. 

The  figure  of  Mars  is  an  oblate  spheroid, 
like  that  of  the  earth,  but  much  flatter  at^the 
poles.  Its  equatorial  diameter  is  to  its  polar 
as  1355  to  1272,  or  nearly  as  16  to  15  ;  con- 
sequently, if  its  equatorial  diameter  be  4200 
miles,  its  polar  diameter  will  be  only  3937, 
which  is  263  miles  shorter  than  the  equatorial. 
The  mass  of  this  planet  compared  with  thai 
of  the  sun  is  as  1  to  1,846,082.     Its  density 
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compp.red  with  water  Is  as  3  2-7  to  1,  which 
is  ccnsiderabj.y  less  than  that  of  the  earth,  but 
greater  than  the  general  density  of  the  rocks 
and  other  materials  which  compose  the  surface 
of  our  globe.  A  body  which  weighs  one  pound 
on  the  surface  of  the  earth  would  weigh  only 
five  ounces  six  drachms  on  the  surface  of 
Mars. 

Y.    ON    THE    LATELr-DTSCOTEHED    PLAJfETS 
VESTA,  JUNO,  CEllES,  AND  PALLAS. 

The  immense  interval  which  lies  between 
the  orbits  of  Mars  and  Jupiter  led  some  astro- 
nomers to  surmise  that  a  planet  of  considerable 
magnitude  might  possibly  exist  some v/h ere 
within  this  limit.  This  conjecture  was 
grounded  on  the  intervals  which  exist  between 
the  rest  of  the  planetary  orbits.  Between  the 
orbits  of  Mercury  and  Venus  there  is  an  inter- 
val of  31,000,000  of  miles;  between  those  of 
Venus  and  the  earth,  27,000,000;  between 
those  of  the  earth  and  Mars,  50,000,000  ;  but 
between  the  orbits  of  Mars  and  Jupiter  there 
intervenes  the  immense  space  of  349,000,000 
of  miles.  Here  the  order  of  the  solar  system 
was  supposed  to  be  interrupted,  which  would 
form  an  exception  to  the  general  law  of  the 
proportion  of  the  planetary  distances.  No 
planetary  body,  however,  was  detected  within 
this  interval  till  the  beginning  of  the  present 
century  ;  and,  instead  of  one  large  body,  as 
was  surmised,  four  very  small  ones  have  been 
discovered.  These  bodies  are  situated  at  a 
distance  from  Mars  nearly  corresponding  to 
the  order  and  proportion  to  which  we  have 
now  alluded  ;  and  this  circumstance  leads  to 
a  belief  "  that  it  is  something  beyond  a  mere 
accidental  coincidence,  and  belongs  to  the 
essential  structure  of  the  system."  As  these 
bodies  are  invisible  to  the  naked  eye,  and  can 
only  be  seen  in  certain  favourable  positions, 
and  as  only  a  short  period  has  elapsed  since 
their  discovery,  we  are  not  yet  much  aquainted 
with  many  of  their  phenomena  and  physical 
peculiarities. 

Of  these  four  bodies,  the  first  discovered 
was  that  which  is  now  named  Ceres,  and 
sometimes  Piazzi,  from  the  name  of  its  dis- 
coverer. It  was  discovered  at  Palermo,  in  the 
island  of  Sicily,  on  the  1st  of  January,  1801, 
or  the  first  day  of  the  present  century,  by 
Piazzi,  a  celebrated  astronomer  belonging  to 
that  city,  who  has  since  distinguished  himself 
by  his  numerous  observations  on  the  fixed 
stars.  This  new  celestial  body  was  then  situ- 
ated in  the  constellation  Taurus,  and,  conse- 
quently, at  no  very  great  distance  from  its 
opposition  to  the  sun.  It  was  observed  by 
Piazza  till  the  12th  of  February  following, 
when  a  dangerous  illness  compelled  him  to 
discontinue  his  observations ;  but  it  was  again 
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discovered  by  Dr.  Olbers,  cf  Bremen,  afler  a 
series  of  unwearied  observations  and  laborious 
calculations,  founded  on  a  few  insulated  facta 
which  had  been  stated  by  Piazza.  Dr.  Brew- 
ster states,  in  the  "  Edinburgh  Encylopcedia," 
vol.  ii.  p.  638,  and  likewise  in  his  second  edi- 
tion of  "  Ferguson's  Astronomy,"  vol.  ii.  p. 
38,  "that  the  rediscovery  of  this  planet  by 
Olbers  did  not  take  place  till  the  1st  of  Janu- 
ary 1807  ;"  which  must  be  a  mistake,  for  in 
"La  Decade  Philosophiques,"  for  July,  1803, 
it  is  stated  that  Dr.  Olbers,  some  time  before, 
received  La  Lande's  prize  for  having  dis- 
covered the  planet  Pallas ;  and,  at  the  same 
time,  his  merit  is  referred  to  in  having  redis- 
covered Ceres,  and  having  been  among  the 
first  that  announced  it  to  the  world.  Besides 
Sir  W.  Herschel  has  observations  on  this 
planet  in  the  "  Philosophical  Transactions," 
of  date  February  7,  1802,  which,  of  course, 
was  posterior  to  Dr.  Olber's  rediscovery. 

The  planet  Pallas,  oi,  as  it  is  sometimes 
named,  Olbers,  was  discovered  on  the  28th  of 
March,  1802, — only  fifteen  months  after  the 
discovery  of  Ceres, — by  Dr.  Olbers,  a  physician 
at  Bremen,  in  Lower  Saxony,  distinguished 
for  his  numerous  celestial  observations,  and 
for  his  easy  and  connnodious  method  of  calcu- 
lating the  orbits  of  comets.  The  planet  Juno 
was  discovered  on  the  evening  of  September 
1,  1804,  within  two  years  and  a  half  of  the 
discovery  of  Pallas,  by  M.  Harding,  at  the  ob- 
servatory of  Lilienthal,  near  Bremen,  while 
endeavouring  to  form  an  atlas  of  all  the  stars 
near  the  orbits  of  Ceres  and  Pallas,  with  the 
view  of  making  further  discoveries.  While 
thus  engaged,  he  perceived  a  small  star  of 
about  the  eighth  magnitude,  which  was  not 
marked  in  the  Celestial  Atlas  of  La  Lande, 
which  he  put  down  in  his  chart.  Two  days 
afterward  he  found  that  the  star  had  disap- 
peared from  the  position  in  which  he  had 
marked  it;  but  a  little  to  the  south-west  of 
that  position  he  perceived  another  star  resem- 
bling it  in  size  and  colour ;  and  having  ob- 
served it  again  on  the  5th  of  September,  and 
finding  that  it  had  moved  a  little  in  the  same 
direction  as  before,  he  concluded  that  it  was  a 
moving  body  connected  with  the  solar  system. 

The  planet  Vesta  was  discovered  on  the 
29th  of  March,  1807,  little  more  than  two 
years  and  a  half  after  the  discovery  of  Juno, 
so  that  four  primary  planets  belonging  to  our 
system,  which  had  been  hidden  for  thousands 
of  years  from  the  inhabitants  of  our  globe, 
were  discovered  within  the  spaceof  little  more 
than  six  years.  Vesta  must  then  have  been 
near  its  opposition.  The  discovery  of  Vesta 
was  made  by  Dr.  Olbers,  who  had  previously 
discovered  Pallas,  and  rediscovered  Ceres. 
He  had  formed  an  idea  that  the  three  small 
bodies  lately  discovered  might  possibly  be  the 
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fragments  of  a  larger  planet,  which  had  been 
burst  asunder  by  some  unknown  and  power- 
ful irruptive  force  proceeding  from  its  interior 
parts,  and  that  more  fragments  might  still  be 
detected.  "Whether  this  opinion  be  tenable 
or  not,  it  seems  to  have  led  to  the  discovery 
of  Vesta  ;  for  the  doctor  concluded,  if  his  opi- 
nion were  just,  that  although  the  orbits  of  all 
these  fragments  might  be  differently  inclined 
to  the  ecliptic,  yet,  us  they  must  all  have  di- 
verged from  the  same  point,  "  they  ought  to 
have  two  common  points  of  reunion,  or  two 
nodes  in  opposite  regions  of  the  heavens^ 
through  which  all  the  planetary  fragments 
must  sooner  or  later  pass."  One  of  these 
nodes,  or  points  of  intersection  of  the  orbits, 
he  found  to  be  in  the  sign  Virgo,  and  the 
other  in  the  constellation  of  the  Whale,-  and 
it  was  actually  in  the  regions  of  the  Whale 
that  the  planet  Juno  was  discovered  by  M. 
Harding.  With  the  view,  therefore,  of  detect- 
ing other  fragments,  if  any  should  exist.  Dr. 
Olbers  examined,  three  times  every  year,  all 
the  small  stars  in  the  opposite  constellations 
of  Virgo  and  the  Whale,  and  in  the  constella- 
tion Virgo  the  planet  Vesta  was  first  seen.* 

*  William  Olbers,  M.  T).,  the  discoverer  of  Vesta 
and  Pallas,  was  born  on  the  11th  of  October,  1758, 
at  Arbergen,  a  village  in  the  Dichy  of  Bremen, 
where  his  father  was  a  clergyman.  His  father,  be- 
sides being  a  man  of  great  general  learning,  was 
a  good  mathematician  and  a  lover  of  astronomy. 
Young  Olbers,  when  in  his  fourteenth  year,  felt  a 
great  taste  for  that  science.  During  an  evening 
walk  in  the  month  of  August,  having  observed  the 
Pleiades,  or  seven  stars,  he  became  very  desirous 
of  knowing  to  what  constellation  they  belonged. 
He  therefore  purchased  some  charts  and  books, 
and  began  to  study  this  science  with  the  greatest 
diligence  ;  he  read  with  the  greatest  avidity  every 
astronomical  work  he  was  able  to  procure,  and  in 
a  few  months  made  himself  aquainted  with  all  the 
constellations,  Finding  that  a  knowledge  of  ma- 
thematics was  necessary  to  the  study  of  astrono- 
my, he  devoted  all  his  leisure  time  to  this  subject. 
He  was  at  the  same  time  engaged  in  the  study  of 
medicine  as  a  profession.  In  the  year  1779,  when 
scarcely  twenty-one  years  of  age,  he  observed  at 
Gottingen,  and  calculated  the  first  comet.  An  ac- 
count of  this  labour  was  published  in  the  "Berlin 
Astronomical  Calender"  for  1782,  where  it  is 
mentioned  that  Olbers  made  his  construction  one 
night  while  attending  a  patient;  and  yet  it  was 
afterward  found  that  his  determination  of  this 
orbit  corresponded  with  the  most  accurate  ele- 
ments of  the  comet  which  were  calculated.  Since 
thai  period,  the  astronomy  of  comets  has  been  his 
fiivourite  study,  and  it  is  admitted  that  none  of  the 
methods  formerly  tried  for  calculating  the  orbit  of 
a  comet  is  so  simple,  and,  at  the  same  time,  so 
elegant  as  that  of  Dr.  Olbers.  When  at  Vienna, 
amid  all  his  applications  to  the  study  of  Medicine, 
he  was  the  first  who  observed  the  planet  Franus 
(after  its  discovery  by  Herschel)  on  the  17th  of 
August,  1781.  On  the  19th  he  perceived  its  mo- 
tion, and  continued  his  observations  till  the  end 
of  vSeptember,  at  which  period  it  was  considered 
as  a  comet.  Returning  from  the  scene  of  his 
Btudies,  he  settled  at  Bremen  as  a  physician. 
Where  he  soon  acquired  the  confidence  of  his  fel- 
low-citizens, both  on  account  of  his  successful 
practice  and  integrity  and  affability  of  his  charac- 
ter. 


This  was  doubtless  a  remarkable  coincidence 
of  theory  with  observation,  and  affords  a  pre- 
sumption that  the  conjecture  of  this  eminent 
astronomer  may  possibly  have  a  foundation  in 
fact. 

The  following  is  a  summary  of  what  has 
been  ascertained  respecting  the  distances, 
magnitudes,  and  motions  of  these  bodies  : 

The  Planet  Vesta. — The  mean  distance  of 
this  planet  from  the  sun  is  reckoned  to  be 
about  225  millions  of  miles ;  its  annual  revo- 
lution is  completed  in  about  3  years  7  1-3 
months,  or  in  1325  days ;  the  circumference 
of  its  orbit  is  1414  millions  of  miles,  and,  oi 
course,  it  moves  with  a  velocity,  on  an  aver- 
age, of  more  than  44,000  miles  an  hour.  The 
inchnation  of  its  orbit  to  the  plane  of  the  eclip- 
tic is  seven  degrees,  eight  minutes ;  and  its 
eccentricity  21  millions  of  miles.  The  diame- 
ter of  this  planet  has  been  estimated  by  some 
astronomers  at  only  about  270  miles ;  and,  if 
this  estimate  be  correct,  it  will  contain  only 
229,000  square  miles,  or  a  surface  somewhat 
less  than  Great  Britain,  France,  and  Ireland ; 
and,  according  to  the  rate  of  population  for- 
merly stated,  would  contain  64  millions  of  in- 
habitants, or  about  five  times  the  number  of 
the  inhabitants  of  the  United  States  of  Ame- 
rica, or  nearly  the  twelfth  part  of  the  popula- 
tion of  the  earth.  It  is  probable,  however,  that 
this  estimate  is  too  small,  and  that  the  appar- 
ent diameter  of  this  planet  has  not  yet  been 
accurately  taken  ;  for  the  light  of  this  body  is 
considered  equal  to  that  of  a  star  of  the  fifth 
or  sixth  magnitude,  and  it  may  sometimes  be 
distinguished  in  a  clear  evening  by  the  naked 
eye.  Its  light  is  more  intense  and  white  than 
that  of  either  Ceres,  Juno,  or  Pallas  ;  and  it  is 
not  surrounded  with  any  nebulosity,  as  some 
of  these  planets  are.  It  is  not  likely  that  a 
body  of  this  size  could  be  seen  at  the  distance 
of  130  millions  of  miles,  which  is  its  nearest 
approach  to  the  earth,  and  that,  too,  by  the 
naked  eye  (as  Schroeter  affirms  he  did  several 
times,)  unless  the  substances  on  its  surface 
were  of  such  a  nature  as  to  reflect  the  solar 
rays  with  a  far  greater  degree  of  brilliancy 
than  any  of  the  other  planets.  The  diameter 
of  the  third  satellite  of  Jupiter  is  reckoned  at 
3377  miles,  and  its  surface,  of  course,  contains 
35,827,211  square  miles,  which  is  156  times 
greater  than  the  surface  of  Vesta,  according 
to  the  above  estimation.  Yet  this  satellite  can 
never  (or,  at  least,  but  rarely)  be  seen  by  the 
naked  eye,  Vesta  is,  indeed,  only  about  one 
third  the  distance  from  us  of  the  satellite  of 
Jupiter ;  but,  making  allowance  for  this  cir- 
cumstance, it  should  be  at  least  twenty  times 
larger  in  surface  than  is  estimated  above  in 
order  to  be  seen  by  the  naked  eye,  or  with  the 
same  distinctness  as  the  third  satellite  of  Jupi- 
ter.    In  other  words,  it  should  have  a  diame- 
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ler  of  at  least  1200  miles.  If  this  is  not  the 
case,  there  must  be  something  very  peculiar 
and  extraordinary  in  the  reflective  power  of 
the  materials  which  compose  its  surface  to  pro- 
duce such  an  intensity  of  light  from  so  small  a 
body  at  so  great  a  distance  as  130  millions  of 
miles.  I  am  therefore  of  opinion  that  the  size 
of  this  planet  has  not  yet  been  accurately  ascer- 
tained, and  that  future  and  more  accurate  ob- 
servations are  still  requisite  to  determine  its 
apparent  diameter  and  real  magnitude. 

The  Planet  Juno. — The  next  planet  in  the 
order  of  the  system  is  Juno.  Its  distance 
from  the  sun  is  estimated  at  254  millions  of 
miles.  The  circumference  of  its  orbit  is  1596 
millions  of  miles.  Through  this  circuit  it 
moves  in  four  years  and  128  days,  at  the  rate 
of  41,850  miles  every  hour.  Its  diameter,  ac- 
cording to  the  estimate  of  Schroeter,  is  1425 
English  miles.  Its  surface  will  therefore  con- 
tain six  millions,  three  hundred  and  eighty 
thousand  square  milesj  and  a  population  of 
one  thousand,  seven  hundred  and  eighty-six 
millions,  which  is  more  than  doable  the  num- 
ber of  the  earth's  inhabitants.  The  orbit  of 
Juno  is  inclined  to  the  ecliptic  in  an  angle  of 
thirteen  degrees,  three  minutes.  Its  eccentri- 
city is  63,588,000  miles,  so  that  its  greatest 
distance  from  the  sun  is  316,968,000  miles, 
while  its  least  distance  is  only  189,792,000. 
Its  apparent  diameter  as  seen  from  the  earth 
is  little  more  than  three  seconds.  This  planet 
is  of  a  reddish  colour,  and  is  free  from  any 
nebulosity  ;  yet  the  observations  of  Schroeter 
render  it  probable  that  it  has  an  atmosphere 
more  dense  than  that  of  any  of  the  old  planets 
of  the  system.  A  remarkable  variation  in  the 
brilliancy  of  this  planet  has  been  observed  by 
this  astronomer,  which  he  attributes  to  changes 
that  are  going  on  in  its  atmosphere,  and  thinks 
it  not  improbable  that  these  changes  may 
arise  from  a  diurnal  rotation  performed  in 
twenty-seven  hours. 

The  Planet  Ceres. — This  planet  is  about 
263  millions  of  miles  from  the  sun,  and  com- 
pletes its  annual  revolution  in  four  years, 
seven  months,  and  ten  days.  The  circumfer- 
ence of  its  orbit  is  1653  millions  of  miles,  and 
it  moves  at  the  rate  of  about  forty-one  thou- 
sand miles  an  hour.  The  eccentricity  of  its 
orbit  is  20,598,000  miles.  Its  greatest  dis- 
tance from  the  sun  is  283,500,000  miles,  and 
its  least  distance  242,300,000.  Its  apparent 
mean  diameter,  including  its  atmosphere,  ac- 
cording to  Schroeter,  is  somewhat  more  than 
six  seconds  at  its  mean  distance  from  the 
eaTth.  Its  real  diameter,  according  to  the 
estimate  of  the  same  astronomer,  is  1624 
English  miles  ;  but,  including  its  atmosphere, 
is  2974  miles.  Its  surface,  therefore,  contains 
8,285,580  square  miles,  or  about  the  one  sixth 
part  of  the  habitable  portions  of  our  globe ; 
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and  would  afford  accommodation  for  3,319,- 
962,400,  or  more  than  2300  millions  of  in» 
habitants,  according  to  the  rate  of  population 
in  England,  which  is  nearly  triple  the  present 
population  of  the  earth.  This  planet  is  of  a 
slight  ruddy  colour,  and  appears  about  the 
size  of  a  star  of  the  eighth  magnitude,  and  is 
consequently  invisible  to  the  naked  eye.  It 
seems  to  be  surrounded  with  a  dense  atmo- 
sphere, and  exhibits  a  disk  or  sensible  breadth 
of  surface  when  viewed  with  a  magnifying 
power  of  two  hundred  times.  Schroeter  has 
determined,  from  a  great  number  of  observa- 
tions, that  its  atmosphere  is  about  six  hundred 
and  seventy-five  English  miles  in  height,  and 
that  it  is  subject  to  numerous  changes.  Like 
the  atmosphere  of  the  earth,  it  is  very  dense 
near  the  planet,  and  becomes  rarer  at  a  great- 
er distance,  which  causes  its  apparent  dia- 
meter to  appear  somewhat  variable.  When 
this  planet  is  approaching  the  earth,  towards 
the  point  of  its  opposition  to  the  sun,  its  dia- 
meter increases  more  rapidly  than  it  ought  to 
do  from  the  diminution  of  its  distance,  which 
Schroeter  supposes  to  arise  from  the  finer  ex- 
terior strata  of  its  atmosphere  becoming  visible 
while  it  approaches  the  earth.  He  also  per- 
ceived that  the  visible  hemisphere  of  the  planet 
was  sometimes  overshadowed,  and  at  other 
times  cleared  up,  so  that  he  concludes  there  is 
little  chance  of  discovering  the  period  of  its 
diurnal  rotation.  The  inclination  of  its  orbit 
to  the  ecliptic  is  in  an  angle  of  ten  degrees, 
thirty-seven  minutes.  The  intensity  of  light 
upon  its  surface  is  more  than  seven  times  less 
than  what  we  enjoy. 

Sir  WilHam  Herschel,  in  the  year  1802, 
after  the  discovery  of  Ceres  and  Pallas, 
made  a  number  of  observations  to  ascertain  if 
any  of  these  bodies  were  accompanied  with 
satellites.  Several  very  small  stars  were  occa- 
sionally perceived  near  Ceres  with  high  mag- 
nifying powers,  of  the  positions  and  motions 
of  which  he  has  given  several  delineations; 
but  it  did  not  appear  probable,  in  subsequent 
observations,  that  they  accompanied  the  planet 
In  his  observation  of  April  28,  with  a  power 
of  550,  he  says,  "  Ceres  is  surrounded  with  a 
strong  haziness.  The  breadth  of  the  coma, 
beyond  the  disk,  may  amount  to  the  extent 
of  a  diameter  of  the  disk,  which  is  not  very 
sharply  defined.  Were  the  whole  coma  and 
star  taken  together,  they  would  be  at  least 
three  times  as  large  as  my  measure  of  the 
star.  The  coma  is  very  dense  near  the  nu- 
cleus ;  but  loses  itself  pretty  abruptly  on  the 
outside,  though  a  gradual  diminution  is  still 
very  perceptii3le."  These  observations  seem 
to  corroborate  the  idea  that  Ceres  is  encom- 
passed with  an  atmosphere  of  great  density 
and  elevation. 

The  Planet  Pallas. — This  planet  revolves 
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«I)out  the  sun  at  the  mean  distance  of  two 
hundred  and  sixty -three  millions  of  miles,  and 
finishes  its  revolution  in  1681  days,  17  hours, 
or  in  four  years  and  seven  and  one  third 
months,  which  is  within  a  day  of  the  time  of 
the  revolution  of  Ceres.  Its  distance  is  like- 
wise nearly  the  same  as  that  planet,  and  the 
circumference  of  its  orbit  will  also  be  nearly 
the  same.  This  planet'  however,  is  distin- 
guished in  a  remarkable  degree  both  from 
Ceres  and  from  all  the  other  planets  by  the 
very  great  inclination  of  its  orbit  to  the  plane 
of  the  ecliptic.  This  inclination  is  no  less 
than  thirty-four  degrees,  thirty-seven  minutes, 
or  nearly  five  times  the  inclination  of  Mer- 
cury's orbit,  which  was  formerly  reckoned  to 
have  the  greatest  inclination  of  any  of  the 
planetary  orbits.  The  eccentricity  of  the  orbit 
of  Pallas  is  likewise  greater  than  that  of  any 
of  the  other  planets,  being  no  less  than  64,- 
516,000  miles,  so  that  this  planet  is  129,000,- 
000  of  miles  nearer  the  sun  in  one  part  of  its 
orbit  than  it  is  at  the  opposite  extremity.  Its 
greatest  distance  from  the  sun  is  327,437,000 
miles,  and  its  least  distance  only  198,404,000 
miles.  Of  course,  its  rate  of  motion  in  its 
orbit  must  be  very  variable,  sometimes  moving 
several  thousands  of  miles  an  hour  swifter  at 
one  time  than  at  another,  which  is  likewise 
the  case,  in  a  remarkable  degree,  with  the 
planet  Juno.     Its  mean  motion  is  about  41,- 

000  miles  an  hour. 

This  planet  presents  a  ruddy  aspect,  but 
less  so  than  that  of  Ceres.  It  is  likewise 
surrounded  with  a  nebulosity  somewhat  like 
that  of  Ceres,  but  of  less  extent.  The  fol- 
lowing are  some  of  the  observations  of  this 
planet  by  Schroeter  and  Herschel.  The 
atmosphere  of  Pallas,  according  to  Schroeter, 
is  to  that  of  Ceres  as  one  hundred  and  one  to 
one  hundred  and  forty-six,  or  nearly  as  two 
to  three.  It  undergoes  similar  changes,  but 
the  light  of  the  planet  exhibits  greater  varia- 
tions. On  the  1st  of  April  the  atmosphere 
of  Pallas  suddenly  cleared  up,  and  the  solid 
nucleus  or  disk  of  the  planet  was  alone  visible. 
About  twenty-four  hours  afterward  the  planet 
appeared  pale  and  surrounded  with  fog,  and 
this  appearance  continued  during  the  3d  and 
4th  of  April ;  but  this  phenomenon  was  not 
considered  as  arising  from  the  diurnal  rotation 
of  the  planet.  The  following  are  Herschers 
observations :  "  April  22.     In  viewing  Pallas, 

1  cannot,  with  the  utmost  attention  and  under 
favourable  circumstances,  perceive  any  sharp 
termination  which  might  denote  a  disk ;  it  is 
rather  what  I  would  call  a  nucleus.  April 
22.  The  appearance  of  Pallas  is  cometary ; 
the  disk,  if  it  has  any,  being  ill-defined.  When 
I  see  i*  to  the  best  advantage,  it  appears  like 
a  much-compressed,  extremely  small,  but  ill- 
defined  planetary  nebula.     May  1.  With  a 
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twenty  feet  reflector,  power  ill,  I  see  Pallas 
well,  and  perceive  a  very  small  disk,  with  a 
coma  of  some  extent  about  it,  the  whole 
diameter  of  which  may  amount  to  six  or  seven 
times  that  of  the  disk  alone." — Philosophical 
Transactions  ^ox  1802. 

The  diameter  of  this  planet  has  not,  per- 
haps, been  ascertained  with  sufficient  preci- 
sion. The  difference  in  the  estimates  formed 
by  Sir  W.  Herschel  and  M.  Schroeter  is  very 
great.  According  to  Schroeter,  the  diameter 
of  Pallas  is  2099  miles.  If  this  estimate  be 
nearly  correct,  Pallas  will  be  about  the  size  of 
our  moon,  and  will  comprehend  on  its  surface 
nearly  fourteen  millions  of  square  miles,  which 
would  accommodate  a  population  of  nearly 
four  thousand  millions,  or  five  times  the  popu- 
lation of  our  world.  The  apparent  mean 
diameter  of  this  planet,  comprehending  its  at- 
mosphere, at  its  mean  distance  from  the  earthy 
according  to  Schroeter,  is  six  and  a  half  se- 
conds. 

Such  is  a  brief  view  of  the  principal  facts 
which  have  been  ascertained  respecting  the 
planets  Vesta,  Juno,  Ceres,  and  Pallas.  All 
these  bodies  are  situated  between  the  orbits 
of  Mars  and  Jupiter,  and  they  are  all  invisible 
to  the  naked  eye,  except,  perhaps,  the  planet 
Vesta,  when  in  certain  favourable  positions. 
The  real  magnitudes  of  these  planets  are  not 
to  be  considered  as  yet  accurately  determined ; 
they  may  be  a  little  greater  or  less  than  what 
is  stated  above,  though  it  is  not  probable  they 
are  much  larger.  It  may  not  be  improper  to 
remark,  that  on  this  point  there  is  a  great  dif- 
ference in  the  estimates  of  Schroeter  and 
Herschel,  the  two  principal  observers  who 
have  investigated  the  phenomena  of  these 
planets,  owing  to  the  mode  in  which  they 
measured  the  apparent  di"^meters  of  these 
bodies.  According  to  Sir  W .  Herschel,  there 
is  none  of  these  bodies  that  exceeds  163  miles 
in  diameter.  But  it  is  obvious,  from  the  con- 
siderations I  have  stated  in  the  description  of 
Vesta,  that  bodies  of  such  a  small  size  could 
not  be  visible  at  such  a  distance,  unless  they 
were  either  luminous  or  composed  of  matter 
fitted  to  reflect  the  solar  light  with  an  extraor- 
dinary degree  of  brilliancy  ;  and  therefore  it 
is  far  more  probable  that  the  estimates  of 
Schroeter  are  nearest  the  truth. 

Peculiarities  of  the  New  Planets* — These 
bodies  present  to  our  view  various  singulari- 
ties and  anomalies,  which,  at  first  sight,  ap- 
pear incompatible  with  the  proportion  and 
harmony  which  we  might  suppose  originally 
to  have  characterized  the  arrangements  of  the 
solar  system.  In  the  first  place,  their  orbits 
have  a  much  greater  degree  of  inclination  to 
the  ecliptic  than  those  of  the  old  planets. 
The  orbit  of  Venus  is  inclined  to  the  ecliptic 
in  an  angle  of  three  degrees,  twenty  minutes  j 
2  M  (409) 
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of  Mars,  one  degree,  fifty-one  minutes;  of 
Jupiter,  one  degree,  eighteen  minutes;  of 
Saturn,  two  degrees  and  a  half;  and  of  Ura- 
nus, only  forty-six  minutes.  But  the  inclina- 
tion of  the  orbit  of  Vesta  is  seven  degrees, 
nine  minutes;  of  Juno,  thirteen  degrees;  of 
Ceres,  ten  degrees,  thirty-seven  minutes ;  and 
of  Pallas,  no  less  than  thirty-four  degrees  and 
a  half,  which  is  nineteen  times  greater  than 
the  inclination  of  Mars,  and  twenty-seven 
times  greater  than  that  of  Jupiter.  The  pro- 
portion of  these  inclinations  is  represented  in 
the  following  figure. 

Fig.  46. 


ther  from  the  sun  than  wben  it  is  at  the  point 
A,  which  is  called  its  Perihelion,  or  least  dis- 
tance from  the  sun,  that  is,  it  is  139  millions 
of  miles  further  from  the  sun  in  the  one  case 
than  in  the  other,  which  is  nearly  one  fourth 
of  the  whole  transverse  diameter  of  the  orbit 
A  B.  Consequently,  itM  motion  will  be  much 
slower  by  several  hundreds  of  thousands  of 
miles  a  day  when  near  the  point  B,  its  aphe- 
lion, than  when  near  its  perihelion  at  the 
point  A. ;  and  to  a  spectator  on  its  surface  the 
sun  will  appear  more  than  double  the  size 
irom  the  point  A  that  he  does  from  the  point 


Fig.  47. 


Let  A  B  represent  the  plane  of  the  ecliptic, 
and  the  Hue  C  D  will  represent  the  inclina- 
tion of  the  orbit  of  Pallas=:34^  degrees ,  E  F, 
the  inclination  of  the  orbit  of  Juno=i3  de- 
grees ;  G  H,  the  inclination  of  Vesta's=  7  de- 
grees ;  and  the  dotted  line  the  inclination  of 
Ceres=10^  degrees.  All  the  older  planets 
have  their  orbits  much  less  inclined  to  the 
ecliptic,  except  Mercury,  which  has  nearly  the 
same  inclination  as  Vesta ;  so  that  the  zodiac 
would  now  require  to  be  extended  nearly  five 
tim«s  its  former  breadth  in  order  to  include 
the  orbits  of  all  the  planets. 

2.  The  orbits  of  these  planets  are  in  gene- 
ral more  eccentric  than  those  of  the  other 
planets;  that  is,  they  move  in  longer  and 
narrower  ellipses.  The  following  figure  nearly 
represents  the  orbit  of  Pallas,  and  the  orbit  of 
Juno  is  nearly  similar.  S  represents  the  sun 
in  one  of  the  foci  of  the  ellipse;  C  the 
centre ;  F  the  upper  focus  of  the  ellipse ; 
and  the  whole  line^  B  the  transverse  diame- 
ter. Now  the  distance  S  C,  from  the  sun  to 
the  centre,  is  the  eccentricity  of  the  orbit.  This 
eccentricity,  in  the  case  of  Pallas,  amounts  to 
more  than  sixty -four  and  a  half  millions  of 
miles.  Consequently,  when  the  planet  is  at 
J5,  which  is  called  its  Aphelion^  or  greatest 
distance  from  the  sun,  it  is  double  its  eccentri- 
city, or  the  whole  length  of  the  line  >S  F  fur- 
(410) 


B ;  and  its  inhabitants  (if  any)  will  exp©" 
rience  a  greater  difference  in  the  intensity  of 
the  solar  light  which  falls  upon  them  in  dif- 
ferent periods  of  its  year,  than  there  is  be- 
tween Venus  and  the  earth,  or  between  the 
earth  and  Mars.  On  the  other  hand,  the 
eccentricity  of  the  orbits  of  the  older  planets 
is  comparatively  small.  The  eccentricity  of 
the  orbit  of  Venus  is  less  than  half  a  million 
of  miles,  which  is  only  the  1-274  part  of  the 
transverse  diameter  of  its  orbit.  The  Earth's 
eccentricity  is  1,618,000  miles,  or  the  1-119 
part ;  Jupiter's,  1-43  part;  Saturn's,  1-38 
part;  and  that  of  Uranus,  a]>out  1-43  part; 
whereas  the  eccentricities  of  Pallas  and  Juno 
amount  to  nearly  one  eighth  part  of  the  trans- 
verse axes  of  their  orbits.  Were  the  orbits 
of  the  old  planets  represented  by  figures  ten 
times  larger  than  the  above  diagram,  they 
could  not  be  distinguished  from  circles.  In 
the  above  figure,  the  dotted  line  G  H  is  the 
conjugate  or  shorter  diameter  of  the  ellipse. 
When  the  planet  is  at  the  points  G  and  H,  it 
is  said  to  be  at  its  mean  distance  from  the 
sun,  or  at  the  middle  point  between  its  greatest 
and  its  least  distance. 

3.  The  orbits  of  several  of  the  neivplaneti 
cross  each  other. — This  is  a  very  singular  and 
unaccountable  circumstance  in  regard  to  the 
planetary  orbits.  It  had  been  long  observed 
that  comets,  in  traversing  the  heavens  in  evflij 
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direction,  crossed  the  orbits  of  the  planets; 
but,  before  the  discovery  of  Pallas,  no  such 
anomaly  was  found  throughout  the  system  of 
the  planets.  For  the  orbits  of  all  the  other 
planets  approach  so  nearly  to  circles,  and  are 
separated  from  each  other  by  so  many  millions 
of  miles,  that  there  is  no  possibility  of  such 
intersection  taking  place.  The  following 
diagram  represents  the  intersection  of  the 
{}rbits  of  Ceres  and  Pallas. 

Fig.  48o 


The  central  circle  represents  the  sun  ;  the 
two  next  circles  the  orbits  of  the  earth  and 
Mars ;  and  the  two  outer  circles,  crossing  each 
other,  those  of  Ceres  and  Pallas.  In  conse- 
quence of  this  intersection  of  their  orbits,  there 
is  Si  possibility,  especially  if  the  periods  of  their 
revolutions  were  somewhat  more  different 
from  each  other,  that  the  two  planets  might 
happen  to  strike  against  each  other  were  they 
to  meet  at  the  points  A  and  B,  where  the  or- 
bits intersect,  a  very  singular  contingence  in 
the  planetary  system.  It  is  owing  to  the  very 
great  eccentricity  of  the  orbit  of  Pallas  that  it 
crosses  the  orbit  of  Ceres.  It  is  several  mil- 
lions of  miles  nearer  the  sun  in  its  perihelion 
(or  at  Ay  Fig.  47,)  than  Ceres,  when  in  the 
same  point  of  its  orbit.  But  when  Pallas  is 
in  its  aphelion  (or  at  B,  Fig.  47,  )  its  distance 
from  the  sun  is  several  millions  of  miles 
greater  than  that  of  Ceres  in  the  same  point 
of  its  orbit.  Suppose  its  aphelion  at  C,  Fig. 
48  ;  it  is  further  from  the  sun  than  Ceres,  and 
nearer  at  D  its  perihelion.  The  same  things 
happen  in  the  case  of  the  other  two  planets, 
particularly  Vesta.  Juno  is  further  from  the 
sum  at  its  aphelion  than  Ceres  in  the  same 
pGint  of  its  orbit,  and  Vesta  is  further  from  the 
RKSi  in  its  aphelion  than  either  Juno,  Ceres, 
or  Pallas  in  their  perihelions.  The  perihelion 
distance  of  Vesta  is  greater  than  that  of  Juno 
cxr  Pallas.     Hence  it  follows  that  Vesta  may 


sometimes  be  at  a  greater  distance  from  the 
sun,  than  either  Juno,  Ceres,  or  Pallas,  al- 
though its  mean  distance  is  less  than  thai  of 
either  of  them  by  twenty- eight  millions  of 
miles ;  so  that  the  orbit  of  Vesta  crosses  the 
orbits  of  all  the  other  three,  and  therefore  it  is 
a  possible  circumstance  that  a  collision  might 
take  place  between  Vesta  and  any  of  these 
three  planets,  were  they  ever  to  meet  at  the 
intersection  of  their  orbits.  Were  such  an 
event  to  happen,  it  is  easy  to  foresee  the  ca- 
tastrophe that  would  take  place.  If  the  colli- 
sion of  two  large  ships,  sailing  at  the  rate  of 
ten  miles  an  hour,  be  so  dreadful  as  to  shatter 
their  whole  frame  and  sink  them  in  the 
deep,  what  a  tremendous  shock  would  be 
encountered  by  the  impulse  of  a  ponderous 
globe,  moving  at  the  rate  of  forty  thousand 
miles  an  hour  ]  A  universal  disruption  of  their 
parts  and  a  derangement  of  their  whole  con- 
stitution would  immediately  ensue ;  their  axes 
of  rotation  would  be  changed ;  their  courses 
in  their  orbits  altered;  fragments  of  their 
substance  tossed  about  through  the  surround- 
ing void,  and  the  heavens  above  v/ould  appear 
to  run  into  confusion.  Though  we  can- 
not affirm  that  such  an  event  is  impossible  or 
will  never  happen,  yet  we  are  sure  it  can 
never  take  place  without  the  permission  and 
appointment  of  Him  who  at  first  set  these 
bodies  in  motion,  and  who  superintends  both 
the  greatest  and  the  most  minute  movements 
of  the  universe. 

4.  Another  peculiarity  in  respect  to  these 
planets  is,  that  they  revolve  nearly  at  the  same 
mean  distances  from  the  sun.  The  mean 
distance  of  Juno  is  254  milHons  of  miles ; 
that  of  Ceres,  262,903,000  ;  and  that  of  Pal- 
las, 262,901,000,  which  is  almost  the  same  as 
Ceres.  This  is  a  very  different  arrangement 
from  that  of  the  other  planets,  whose  mean 
distances  are  immensely  different  from  each 
other ;  Mars  being  60  millions  of  miles 
from  the  orbit  of  the  earth,  and  80  millions 
from  the  orbits  of  any  of  the  new  planets ; 
Jupiter,  270  millions  from  Pallas ;  Saturn, 
412  millions  from  Jupiter ;  and  Uranus,  900 
millions  from  Saturn.  Except  in  the  case  of 
the  new  planets,  the  planetary  system  appears 
constructed  on  the  most  ample  and  magnifi- 
cent scale,  corresponding  to  the  unlimited 
range  of  infinite  space  of  which  it  forms  a 
part. 

5.  These  new  planetary  bodies  perform 
their  revolutions  in  nearly  the  same  periods* 
The  period  of  Vesta  is  three  years,  7^  months ; 
that  of  Juno,  4  years,  4§  months ,  of  Ceres,  4 
years,  7§  months ;  and  of  Pallas,  4  years,  7§ 
months.  So  that  there  are  only  three  month? 
of  difference  between  the  periods  of  Juno  and 
Ceres,  and  scarcely  the  difference  of  a  single 
day   between    those   of    Ceres   and    Palias; 
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whereas  the  periods  of  the  other  planets  dif- 
fer as  greatly  as  their  distances.  The  period 
of  Mercury  is  about  3  months;  of  Venus,  7^ 
months;  of  Mars,  nearly  2  years;  of  Jupiter, 
12  years;  of  Saturn,  29^;  and  of  Uranus, 
nearly  84  years.  A  planet  moving  round  the 
gun  in  almost  the  same  period  and  at  the 
same  distance  as  another,  is  a  singular  ano- 
maly in  the  sohir  system,  and  could  scarcely 
have  been  surmised  by  former  astronomers. 

6.  Another  singularity  is,  that  these  bodies 
ure  all  much  smaller  than  the  other  planets. 
Mercury  was  long  considered  as  the  smallest 
primary  planet  in  the  system,  but  it  is  nearly 
four  times  larger  in  surface  than  Ceres,  and 
contains  eight  times  the  number  of  solid  miles. 
Mars,  the  next  smallest  planet,  is  seventeen 
times  larger  than  Ceres;  and  Jupiter,  the 
largest  of  the  planets,  is  170,000  times  larger 
than  Ceres,  when  their  cubical  contents  are 
compared.  The  planets  Vesta  and  Juno  are 
smaller  than  Ceres,  and  Pallas  is  only  a  small 
degree  larger.  It  is  probable  that  all  these 
four  bodies  are  less  in  size  than  the  secondary 
planets,  or  the  satellites  of  Jupiter,  Saturn, 
and  Uranus. 

Conchisions  resfecting  the  Nature  of  the 
New  Planets. — The  anomalies  and  peculiari- 
ties of  these  bodies,  so  very  different  from  the 
order  and  arrangement  of  the  older  planets, 
open  a  wide  field  for  reflection  and  specula- 
tion. Having  been  accustomed  to  survey  the 
planetary  system  as  a  scene  of  proportion, 
harmony,  and  order,  we  can  scarcely  admit 
that  these  bodies  move  in  the  same  paths, 
and  are  arranged  in  the  same  order  as  when 
the  system  was  originally  constructed  by  its 
Omnipotent  Contriver.  As  we  know  that 
changes  have  taken  place  in  our  sublunary 
region  since  our  globe  first  came  from  the 
hands  of  its  creator,  so  it  is  not  contrary 
either  to  reason  or  observation  to  suppose 
that  changes  and  revolutions,  even  on  an  am- 
ple scale,  may  take  place  among  the  celestial 
orbs.  We  have  no  reason  to  believe  in  the 
"  incorruptibility"  of  the  heavenly  orbs,  as  the 
ancients  imagined,  for  the  planets  are  demon- 
strated to  be  opaque  globes  as  well  as  the 
earth ;  they  are  diversified  with  mountains 
and  vales,  and,  in  all  probability,  the  materials 
which  compose  their  surfaces  and  interior  are 
not  very  diiferent  from  the  substances  which 
constitute  the  component  parts  of  the  earth. 
I  have  already  alluded  to  the  opinion  of  Dr. 
Gibers,  that  the  new  planets  are  only  the  frag- 
ments of  a  larger  planet  which  had  been  burst 
asunder  by  some  immense  irruptive  force  pro- 
ceeding from  its  interior  parts.  However 
strange  this  opinion  may  at  first  sight  appear,  it 
ought  not  to  be  considered  as  either  very  im- 
probable or  extravagant.  We  all  profess  to 
admit,  on  the  authority  of  Revelation,  that  the 
ai2) 


earth  was  arranged  in  perfect  order  and  beauty 
at  its  first  creation ;  and  on  the  same  authority 
we  believe  that  its  exterior  crust  was  disrupted 
that  "  the  cataracts  of  heaven  were  opened^ 
and  the  fountains  of  the  great  deep  broken 
up,"  and  that  a  flood  of  waters  ensued  which 
covered  the  tops  of  the  loftiest  mountains, 
which  transformed  the  earth  into  one  bound- 
less ocean,  and  buried  the  immense  myriads 
of  its  population  in  a  watery  grave.  This 
was  a  catastrophe  as  tremendous  and  astonish- 
ing as  the  bursting  asunder  of  a  large  planet. 
Although  physical  agents  may  have  been  em- 
ployed in  either  case  to  produce  the  effect,  yet 
we  must  admit,  in  consistency  with  the  Divine 
perfections,  that  no  such  events  could  take 
place  without  the  direction  and  control  of  the 
Almighty,  and  that,  when  they  do  happen, 
whatever  appalling  or  disastrous  effects  they 
may  produce,  they  are  in  perfect  consistency 
with  the  moral  laws  by  which  his  universal 
government  is  directed. 

We  know  that  a  moral  revolution  has  taken 
place  among  the  human  race  since  man  was 
created,  and  that  this  revolution  is  connected 
with  most  of  the  physical  changes  that  have 
happened  in  the  constitution  of  our  globe ;  and, 
if  we  believe  the  sacred  historian,  we  must  ad- 
mit that  the  most  prominent  of  these  physical 
changes  or  concussions  was  the  consequence 
or  punishment  of  man's  alienation  from  God 
and  violation  of  his  laws.  As  the  principles 
of  the  Divine  government  must  be  essentially 
the  same  throughout  every  part  of  the  bound- 
less empire  of  the  Almighty,  what  should 
hinder  us  from  concluding  that  a  moral  cause, 
similar  to  that  which  led  to  the  physical  con- 
vulsions of  our  globe,  may  have  operated  in 
the  regions  to'  which  we  allude,  to  induce  the 
Governor  of  the  universe  to  undermine  the 
constitution,  and  to  dash  in  pieces  the  fabric  of 
that  world  1  The  difference  is  not  groat  be- 
tween bursting  a  planet  into  a  number  of 
fragments  and  cleaving  the  solid  crust  of  the 
earth  asunder,  removing  rocks  and  mountains 
out  of  their  place,  and  raising  the  bed  of  the 
ocean  from  the  lowest  abyss,  so  as  to  form  a 
portion  of  elevated  land  ;  all  which  changes 
appear  to  have  been  effected  in  the  by-past 
revolutions  of  our  globe,  and  both  events  are 
equally  within  the  power  and  the  control  ot 
Him  "  who  rules  in  the  armies  of  heaven 
and  among  the  inhabitants  of  the  earth,'' 
whatever  physical  agents  he  may  choose  to 
select  for  the  accomplishment  of  his  purposes. 
In  the  course  of  the  astronomical  discoveries 
of  the  two  preceding  centuries,  views  of  the 
universe  have  been  laid  open  which  havfi 
tended  to  enlarge  our  conceptions  of  the  at 
tributes  of  the  Deity,  and  of  the  magnificence 
of  that  universe  over  which  he  presides :  and 
who  knows  but  that  the  discovery  of  those 
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Dew  planets  described  above,  and  the  singular 
circumstances  in  which  they  are  found,  are  in- 
tended to  open  to  our  view  a  new  scene  of 
the  physical  operations  of  the  Creator,  and  a 
new  display  of  the  operations  of  his  moral 
government  1  For  all  the  manifestations  of 
God  in  his  works  are  doubtless  intended  to 
produce  on  the  mind  not  only  an  intellectual, 
but  also  a  moral  effect ;  and  in  this  view  the 
neavens  ought  to  be  contemplated  with  as 
much  reverence  as  the  revelations  of  his 
word.  As  the  great  Sovereign  of  the  universe 
is  described  by  the  inspired  writers  as  being 
the  "  King  Eternal  and  Invisibky'*  so  we  can 
trace  his  perfections  and  the  character  of  his 
moral  government  only,  or  chiefly,  through  the 
medium  of  those  displays  he  gives  of  himself 
in  his  wonderful  operations  both  in  heaven 
and  on  earth.  And  since  in  the  course  of  his 
providence,  he  has  crowned  with  success  the 
inventive  genius  of  man,  and  led  him  on  to 
make  the  most  noble  discoveries  in  reference 
to  the  amplitude  and  grandeur  of  his  works, 
we  have  every  reason  to  conclude  that  such 
inventions  and  such  discoveries,  both  in  the 
minute  parts  of  creation  and  in  the  boundless 
sphere  of  the  heavens,  are  intended  to  carry 
forward  the  human  mind  to  more  expansive 
views  of  his  infinite  attributes,  of  the  magni- 
ficence of  his  empire,  and  of  the  moral  eco- 
nomy of  the  government  which  he  has 
established  throughout  the  universe. 

The  hypothesis  of  the  bursting  of  a  large 
planet  between  Mars  and  Jupiter  accounts  in 
a  great  measure,  if  not  entirely,  for  the  ano- 
malies and  apparent  irregularities  which  have 
been  observed  in  the  system  of  the  new  pla- 
nets ;  and  if  this  supposition  be  not  admitted, 
we  cannot  account,  on  any  principle  yet  dis- 
covered, for  the  singular  phenomena  which 
these  planets  exhibit.  Sir  David  Brewster, 
who  has  entered  into  some  particular  discus- 
sions on  this  subject,  after  stating  the  remarka- 
ble coincidences  between  this  hypothesis  and 
actual  observation,  concludes  in  the  following 
words ;  "  These  singular  resemblances  in  the 
motions  of  the  greater  fragments  and  in  those 
of  the  lesser  fragments,  and  the  striking  co- 
incidence between  theory  and  observation  in 
the  eccentricity  of  their  orbits,  in  their  inclina^ 
tion  to  the  ecliptic,  in  the  position  of  their 
nodes,  and  in  the  places  of  their  aphelia,  are 
phenomena  which  could  not  possibly  result 
from  chance,  and  which  concur  to  prove,  with 
an  evidence  amounting  almost  to  demonstra- 
tion, that  the  four  new  planets  have  diverged 
from  one  common  node,  and  have  therefore 
composed  a  single  planet." 

Another  species  of  phenomena,  on  which  a 
great  mystery  still  hangs,  might  be  partly  elu- 
cidated were  the  above  hypothesis  admitted, 
8Uid  that  is  the  singular  but  not  well-attested 


fact  of  large  masses  of  solid  matter  falling  from 
the  higher  regions  of  the  atmosphere,  or  what 
are  termed  meteoric  stones.  Few  things  have 
puzzled  philosophers  more  than  to  account  for 
large  fragments  of  compact  rocks  proceeding 
from  regions  beyond  the  clouds,  and  falling 
to  the  earth  with  great  velocity.  These  stones 
sometimes  fall  during  a  cloudy,  and  sometimes 
during  a  clear  and  serene  atmosphere ;  they 
are  sometimes  accompanied  with  explosions, 
and  sometimes  not.  The  following  state- 
ments, selected  from  respectable  authorities, 
will  convey  some  idea  of  the  phenomena 
peculiar  to  these  bodies.  The  first  descrip- 
tion I  shall  select  is  given  by  J.  L.  Lyons, 
Esq.,  F.R.S.,  and  contained  in  the  "  Transac- 
tions of  the  Royal  Society."  It  is  entitled, 
"  Account  gf  the  Explosion  of  a  Meteor,  near 
Benares,  in  the  East  Indies,  and  of  the  falhng 
of  some  Stones  at  the  same  time."  '  The  fol- 
lowing are  only  the  leading  particulars.  "A 
circumstance  of  so  extraordinary  a  nature  as 
the  fall  of  stones  from  the  heavens  could  not 
fail  to  excite  the  wonder  and  to  attract  the 
attention  of  every  inquisitive  mind.  On  the 
19th  of  December,  1798,  about  eight  o'clock 
in  the  evening,  a  very  luminous  meteor  was 
observed  in  the  heavens  by  the  inhabitants  of 
Benares  and  the  part  adjacent,  in  the  form 
of  a  large  ball  of  fire ;  it  was  accompanied  by 
a  loud  noise  resembling  thunder,  and  a  num- 
ber of  stones  fell  from  it  a])out  fourteen  miles 
from  the  city  of  Benares.  It  was  observed  by 
several  Europeans,  as  well  as  natives,  in  dif- 
ferent parts  of  the  country.  It  was  likewise 
very  distinctly  observed  by  several  European 
gentlemen  and  ladies,  who  described  it  as  a 
large  ball  of  fire,  accompanied  with  a  loud 
rumbling  noise  not  unlike  an  ill-discharged 
platoon  of  musketry.  It  was  also  seen  and 
the  noise  heard  by  several  persons  at  Benares. 
When  a  messenger  was  sent  next  day  to  the 
village  near  which  they  had  fallen,  he  was 
told  that  the  natives  had  either  broken  the 
stones  to  pieces,  or  given  them  to  the  native 
collector  or  others.  Being  directed  to  the 
spot  where  they  fell,  he  found  four,  most  of 
which  the  fall  had  buried  six  inches  deep  in 
the  earth.  He  learned  from  the  inhabitants 
that,  about  eight  o'clock  in  the  evening,  when 
retired  to  their  habitations,  they  observed  a 
very  bright  light,  proceeding  as  from  the  sky, 
accompanied  w'ith  a  loud  clap  of  thunder, 
which  was  immediately  followed  by  the  noise 
of  heavy  bodies  falling  in  the  vicinity.  They 
did  not  ventuie  out  to  make  any  inquiries  till 
next  morning,  when  the  first  circumstance 
that  attracted  their  attention  was  the  appear- 
ance of  the  earth  being  turned  up  in  several 
parts  of  their  fields,  where,  on  examination, 
they  found  the  stones.  Several  other  stoiied 
of  the  same  description  were  afterwp^d  lound 
2  M  2  (413) 
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by  different  persons.  One  of  these  stones,  of 
about  two  pounds'  weight,  fell  through  the  top 
of  the  watchman's  hut,  close  to  which  he  was 
standing,  and  buried  itself  several  inches  in 
the  floor,  which  was  of  consolidated  earth. 
The  form  of  the  more  perfect  stones  appeared 
to  be  that  of  an  irregular  cube,  rounded  off  at 
the  edges,  but  the  angles  were  to  be  observed 
on  most  of  them.  At  the  time  when  the 
meteor  appeared  the  sky  was  perfectly  serene ; 
not  the  smallest  vestige  of  a  cloud  had  been 
seen  since  the  11th  of  the  month,  nor  were 
any  observed  for  many  days  after.  It  is  well 
known  there  are  no  volcanoes  on  the  conti- 
nent of  India,  and  therefore  they  could  not 
derive  their  origin  from  any  such  source ;  and 
no  stones  have  been  met  with  in  the  earth,  in 
that  part  of  the  world,  which  bear  the  smallest 
resemblance  to  those  now  described." 

On  the  13th  of  December,  1795,  a  stone 
weighing  fifty -six  pounds  fell  near  Wold  cot- 
tage, in  Yorkshire,  at  three  o'clock,  p.  m.  It 
penetrated  through  twelve  inches  of  soil  and 
six  inches  of  solid  chalk  rock,  and,  in  burying 
itself,  had  thrown  up  an  immense  quantity  of 
earth  to  a  great  distance ;  as  it  fell,  a  number 
of  explosions  were  heard  as  loud  as  pistols. 
In  the  adjacent  villages  the  sound  was  heard 
as  of  great  guns  at  sea ;  but  at  two  adjoining 
villages  the  sounds  were  so  distinct  of  some- 
thing passing  through  the  air  to  the  residence 
of  Mr.  Topham,  that  five  or  six  people  came 
up  to  see  if  any  thing  extraordinary  had  hap- 
pened at  his  house.  When  the.  stone  was 
extracted,  it  was  warm,  smoked,  and  smelt 
very  strong  of  sulphur.  The  day  was  mild 
and  hazy,  but  there  was  no  thunder  nor  light- 
ning the  whole  day.  No  such  stone  is  known 
in  the  country,  and  there  is  no  volcano  nearer 
than  Vesuvius  or  Hecla.  The  constituent 
parts  of  this  stone  were  found  exactly  the 
same  as  those  of  the  stones  from  Benares.* 

On  the  26th  of  April,  1803,  an  extraordinary 
shower  of  stones  happened  at  L'Aigle,  in  Nor- 
mandy. About  one  o'clock,  the  sky  being 
almost  serene,  a  rolling  noise  like  that  of 
thunder  was  heard,  and  a  fiery  globe  of  un- 
common splendour  was  seen,  which  moved 
through  the  atmosphere  with  great  rapidity. 
Some  moments  afler  there  was  heard  at 
L'Aigle,  and  for  thirty  leagues  round  in  every 
direction,  a  violent  explosion,  which  lasted 
five  or  six  minutes ;  after  which  was  heard  a 
dreadful  rumbling  like  the  beating  of  a  drum. 
In  the  whole  district  there  was  heard  a  hissing 
noise  like  that  of  a  stone  discharged  from  a 
sling,  and  a  great  many  mineral  masses,  ex- 
actly similar  to  those  distinguished  by  the 
name   of  meteor  stones,  were   seen   to   fall. 

*  See  a  long:  paper  on  this  subject,  by  E.  How- 
ard, Esq.,  F.irs.,  in  "Transactions  of  the  Royal 
%Of*nv  of  T.ondon"  for  1802. 
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The  largest  of  these  stones  weighed  seventeen 
pounds  and  a  half.  The  Vicar  of  St.  Michael's 
observed  one  of  the  stones  fall  with  a  hissing 
noise  at  the  feet  of  his  niece  in  the  courtyard 
of  his  parsonage,  and  that  it  rebounded  more 
than  a  foot  from  the  pavement.  When  it 
was  taken  up  and  examined,  it  was  found  to 
resemble  the  others  in  every  respect.  As  a 
wire  manufacturer  was  working  with  his  men 
in  the  open  air,  a  stone  grazed  his  arm  and 
fell  at  his  feet,  but  it  was  so  hot  that,  on 
attempting  to  take  it  up,  he  instantly  let  it 
fall  again.  The  celebrated  Biot  was  deputed 
by  government  to  repair  to  the  spot  and  col- 
lect all  the  authentic  facts  in  relation  to  this 
phenomenon,  an  account  of  which  was  after- 
ward published  in  a  long  memoir.  He  found 
that  almost  all  the  residents  of  twenty  hamlets 
declared  that  they  were  eyewitnesses  of  the 
shower  of  stones  which  was  darted  from  the 
meteor.  The  interior  parts  of  these  stone  re- 
sembled those  of  all  the  meteorites  analyzed 
by  Messrs.  Howard  and  Vanquelin,  such  as 
those  described  above.  They  all  contain  silica, 
magnesia,  oxyd  of  iron,  nickel,  and  sulphur, 
in  various  proportions.  Their  specific  gravity 
is  about  three  and  one-third  or  three  and  one- 
half  times  heavier  than  water. 

The  following  are  a  few  brief  statements  in 
relation  to  this  subject.  In  1492,  November 
7,  a  stone  of  260  lib.  fell  at  Ensisheim,  in 
Alsace.  If  is  now  in  the  library  of  Colmar, 
and  has  been  reduced  to  150  lib.,  in  conse- 
quence of  the  abstraction  of  fragments.  The 
famous  Gassendi  relates  that  a  stone  of  a 
black  metallic  colour  fell  on  Mount  Vaision, 
in  Provence,  November  29,  1637.  It  weighed 
54  lib.,  and  had  the  size  and  shape  of  the 
human  head.  Its  specific  gravity  was  three 
and  one-half  times  that  of  water.  1654, 
March  30 :  A  small  stone  fell  at  Milan  and 
killed  a  Franciscan.  1706,  June  7 :  A  stone 
of  72  lib.  fell  at  Larissa,  in  Macedonia ;  it 
smelled  of  sulphur,  and  was  like  the  scum  of 
iron.  1751,  May  26:  Two  masses  of  iron, 
of  71  lib.  and  16  lib.,  fell  in  the  district  of 
Agram,  the  capital  of  Croatia.  The  largest 
of  these  is  now  in  Vienna.  1790,  July  24: 
A  great  shower  of  stones  fell  at  Barbotan, 
near  Roquefort,  in  the  vicinity  of  Bourdoaux, 
A  mass,  fifteen  inches  in  diameter,  penetrated 
a  hut  and  killed  a  herdsman  and  a  bullock. 
Some  of  the  stones  weighed  25  lib.,  and  others 
30  lib.  July,  1810 :  A  large  ball  of  fire  fell 
from  the  clouds  at  Shahabad,  which  burned 
five  villages,  destroyed  the  crops,  and  killed 
several  men  and  women.  November  23, 
1810 :  Three  stones  fell  in  the  commune  of 
Charionville  and  neighbourhood  of  Orleans. 
These  stones  were  precipitated  perpendicu- 
larly, and  without  the  appearance  of  any  light 
or  ball  of  fire.     One  of  them  weighed  20  lib. 
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guid  made  a  hole  in  the  ground  in  a  perpen- 
dicular direction,  driving  up  the  earth  to  the 
height  of  eight  or  ten  feet.  It  was  taken  out 
half  an  hour  after,  when  it  was  still  so  hot 
that  it  could  scarcely  be  held  in  the  hand. 
The  second  formed  a  hole  three  feet  deep, 
and  weighed  40  lib.  1812,  April  15 :  A  stone, 
the  size  of  a  child's  head,  fell  at  Erxleben,  and 
a  specimen  of  it  is  in  the  possession  of  Pro- 
fessor Haussmann,  of  Brunswick.  1814,  Sep- 
tember 1 :  A  few  minutes  before  midday, 
while  the  sky  was  perfectly  serene,  a  violent 
detonation  was  heard  in  the  department  of 
the  Lot  and  Garonne.  This  was  followed  by 
three  or  four  others,  and  finally  by  a  rolling 
noise  at  first  resembling  a  discharge  of  mus- 
ketry, afterward  the  rumbling  of  carriages,  and, 
lastly,  that  of  a  large  building  falling  down. 
Stones  were  immediately  after  precipitated  to 
the  ground,  some  of  which  weighed  18  hb., 
and  sunk  into  a  compact  soil  to  the  depth  of 
eight  or  nine  inches,  and  one  of  them  re- 
bounded three  or  foui*  feet  from  the  ground. 
1818,  July  29,  O.  S. :  A  stone  of  7  lib.  weight 
fell  at  the  village  of  Slobodka,  in  Russia,  and 
penetrated  nearly  sixteen  inches  into  the 
ground.  It  had  a  brown  crust  with  metallic 
spots.  In  1825,  February  10 :  A  meteoric 
stone,  weighing  16  lib.  7  oz.,  fell  from  the  air 
at  Nanjemoy,  Maryland.  It  was  taken  from 
the  ground  about  half  an  hour  after  its  fall, 
was  sensibly  warm,  and  had  a  sulphureous 
smell. 

Several  hundreds  of  instances  similar  to  the 
above  might  be  produced  of  large  masses  of 
stones  having  fallen  from  the  upper  regions 
upon  the  earth.*  These  stones,  although 
they  have  not  the  smallest  analogy  with  any 
of  the  mineral  substances  already  known, 
either  of  a  volcanic  or  any  other  nature,  have 
a  very  peculiar  and  striking  analogy  with  each 
other.  They  have  been  found  at  places  very 
remote  from  each  other,  and  at  very  distant 
periods.  The  mineralogists  who  have  ex- 
amined them  agree  that  they  have  no  resem- 
blance to  mineral  substances,  properly  so 
called,  nor  have  they  been  described  by 
mineralogical  authors.  They  have,  in  short, 
a  peculiar  aspect,  and  peculiar  characters 
which  belong  to  no  native  rocks  or  stones 
with  wb-'-h  we  are  acquainted.  They  appear 
to  have  fallen  from  various  points  of  the 
heavens,  at  all  periods,  in  all  seasons  of  the 
year,  at  all  hours  both  of  the  day  and  night, 
in  all  countries  in  the  world,  on  mountains 
and  on  plains,  and  in  places  the  most  remote 
from    any   volcano.     The    luminous    meteor 

*  For  more  particular  details  on  this  subject, 
the  reader  mayr.onsult  "The  Edinbursrh  Encyclo- 
p»dia,*'  art.  Meteorite.  The  "Edin.  Phil.  Jour- 
nal," No  2,  p.  221-255  "Phil.  Magazine,"  vol. 
riii.  "Retrospect  of  Philosophical  Discoveries," 
1805,  vol.  i.  p.  201-210,  &c.  &c. 


which  generally  precedes  their  fall  w  carried 
along  in  no  fixed  or  invariable  direction;  and 
as  their  descent  usually  takes  place  in  a  calm 
and  serene  sky,  and  frequently  in  cloudless 
weather,  their  origin  cannot  be  traced  to  the 
causes  which  operate  in  the  production  of 
rain,  thunder-storms,  or  tornadoes. 

From  a  consideration  of  these  and  many 
other  circumstances,  it  appears  highly  pro~ 
bable,  if  not  absolutely  certain,  that  these  sub- 
stances proceed  from  regions  far  beyond  the 
limits  of  our  globe.  That  such  solid  sub- 
stances, in  large  masses,  could  be  generated 
in  the  higher  regions  of  the  atmosphere,  is  an 
opinion  altogether  untenable,  and  is  now 
generally  discarded,  even  by  most  of  those 
philosophers  who  formerly  gave  it  their  sup- 
port. That  they  have  been  projected  from 
volcanoes  is  a  hypothesis  equally  destitute  of 
support ;  for  the  products  of  volcanoes  are 
never  found  at  any  great  distance  from  the 
scene  of  their  formation,  and  the  substances 
they  throw  out  are  altogether  different  in  their 
aspect  and  composition  from  meteoric  stones. 
Besides,  these  stones,  in  most  instances,  have 
descended  to  the  earth  in  places  removed 
hundreds,  or  even  thousands  of  miles  from 
any  volcanic  mountain,  and  at  times  when  no 
remarkable  eruption  was  known  to  take  place. 
Perceiving  no  probability  of  their  having  their 
origin  either  in  the  earth  or  the  atmosphere, 
Dr.  Hutton,  Poisson,  La  Place,  and  others, 
conjectured  that  they  were  projected  from  the 
moon.  They  demonstrated  the  abstract  pro- 
position, that  a  heavy  body  projected  with  a 
velocity  of  six  thousand  feet  in  a  second  may 
be  carried  beyond  the  sphere  of  the  moon's 
attraction,  and  come  within  the  attraction  of 
the  earth.  But  it  has  never  yet  been  proved 
that  volcanoes  exist  on  the  surface  of  the 
moon  ;  and,  although  they  did  exist,  and  v^^ere 
as  large  and  powerful  as  terrestrial  volcanoes, 
they  would  have  no  force  sufficient  to  carry 
large  masses  of  stone  with  such  a  rapid  velo- 
city over  a'pace  of  several  thousands  of  miles. 
Besides,  were  the  moon  the  source  of  meteoric 
stones,  ejected  from  the  craters  of  volcanoes, 
we  should  expect  such  volcanic  productions 
to  exhibit  several  varieties  of  aspect  and  com- 
position, and  not  the  precise  number  of  in- 
gredients which  are  always  found  in  meteoric 
stones.  From  a  consideration  of  the  difficul- 
ties attending  this  hypothesis,  La  Place  was 
afterward  induced  to  change  his  opinion. 

In  order  to  trace  the  origin  of  meteoric 
stones,  we  are  therefore  under  the  necessity 
of  directing  our  views  to  regions  far  beyond 
the  orbit  of  the  moon.  On  the  supposition 
that  the  bursting  of  a  large  planet  was  the 
origin  of  the  small  planets  Vesta,  Juno,  Ceres, 
and  Pallas,  we  may  trace  a  source  whence 
meteoric  stones  probably  originate.     "When 
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the  cohesion  of  the  planet  was  overcome  by 
the  action  of  the  explosive  fprce,  a  number 
of  Uttle  fragments,  detached  along  with  the 
greater  masses,  would,  on  account  of  their 
smallness,  be  projected  with  very  great  velo- 
city ;  and,  being  thrown  beyond  the  attraction 
of  the  greater  fragments,  might  fall  towards 
the  earth  when  Mars  happened  to  be  in  the 
remote  part  of  his  orbit.  When  the  portions 
which  are  thus  detached  arrive  within  the 
sphere  of  the  earth's  attraction,  they  may  re- 
volve round  that  body  at  different  distances, 
and  may  fall  upon  its  surface,  in  consequence 
of  a  diminution  of  their  centrifugal  force  ;  or, 
being  struck  by  the  electric  fluid,  they  may 
be  precipitated  upon  the  earth,  and  exhibit  all 
those  phenomena  which  usually  accompany 
the  descent  of  meteoric  stones."  This  opinion 
appears  to  have  been  first  broached  by  Sir 
David  Brewster,  and  is  stated  and  illustrated 
in  the  "Edinburgh  Encyclopsedia,"  article 
Astronomy,  and  in  vol.  ii.  of  his  edition  of 
"  Ferguson's  Astronomy."  Though  not  un- 
attended with  difficulties,  it  is  perhaps  the 
most  plausible  hypothesis  which  has  yet  been 
formed  to  account  for  the  extraordinary  phe- 
nomena of  heavy  substances  falling  with  velo- 
city upon  the  earth  through  the  higher  regions 
of  the  atmosphere. 

On  this  subject  I  would  consider  it  as  pre- 
mature to  hazard  any  decisive  opinions.  I 
have  laid  down  the  above  facts  before  the 
reader  that  he  may  be  enabled  to  exercise  his 
own  judgment  and  form  his  own  conclusion. 
I  have  stated  them  particularly  with  this  view, 
that  they  may  afford  a  subject  of  investigation 
and  reflection.  For  all  the  works  and  dispen- 
sations of  the  Almighty,  both  in  the  physical 
and  moral  world,  are  worthy  of  our  contem- 
plation and  research,  and  may  ultimately  lead 
both  to  important  discoveries  and  to  moral  in- 
struction. Though  "  the  ways  of  God"  are, 
in  many  instances,  "  past  finding  out,"  yet  it 
is  our  duty  to  investigate  them  so  far  as  our 
knowledge  and  limited  powers  will  permit. 
For  as  we  are  told,  on  the  highest  authority, 
that  "the  works  of  the  Lord  are  great  and 
marvellous,"  so  it  is  declared  that  "  they  will 
be  sought  out"  or  investigated  "by  all  those 
who  have  pleasure  therein."  There  is,  per- 
haps, no  fact  throughout  the  universe,  how- 
ever minute  in  itself,  or  however  distant  from 
the  scene  we  occupy,  but  is  calculated,  when 
properly  considered,  to  convey  to  the  mind  an 
impression  of  the  character  of  the  Deity  and 
of  the  principles  of  his  moral  government. 
The  mere  philosopher  may  content  himself 
with  the  application  of  the  principles  of  chy- 
mistry  and  mathematics  to  the  phenomena  of 
matter  and  motion ;  and  it  is  highly  proper 
and  necessary  thtit  both  chymical  and  mathe- 
matical analysis  be  applied  for  the  investiga- 
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tion  of  the  laws  and  order  of  the  material 
universe  ;  but  the  man  who  recognizes  the 
principles  of  Divine  Revelation  will  rise  to 
still  higher  views.  From  nature  he  will 
ascend  to  nature^'s  God,  and  trace  the  invisible 
perfections  of  the  Eternal  from  the  visible 
scene  of  his  works;  and,  from  his  physical 
operations,  will  endeavour  to  learn  something 
of  the  order  and  economy  of  his  moral  ad- 
ministration. 

If  there  be  any  foundation  for  the  hypothe- 
sis to  which  we  have  adverted,  it  might  be  a 
question  and  a  subject  of  consideration  at 
what  period  the  disruption  of  the  supposed 
planet  may  have  taken  place.  If  the  history 
of  the  fall  of  meteoric  stones  would  be  con- 
sidered as  throwing  any  light  on  this  question, 
it  will  follow  that  such  an  event  must  have 
taken  place  at  a  very  distant  period ;  for  the 
descent  of  such  stones  can  be  traced  back  to 
periods  more  than  a  thousand  years  before  tlw; 
commencement  of  the  Christian  era ;  perhaps 
even  to  the  days  of  Joshua,  when  a  shower 
of  stones  destroyed  the  enemies  of  Israel,* 
which  would  lead  us  to  conclude  that  more 
than  three  thousand  years  must  have  elapsed 
since  such  an  event.  It  might  likewise  be  a 
subject  of  inquiry,  why  the  Deity  has  exposed 
the  earth  to  the  impulse  of  such  ethereal 
agents ;  for  the  fall  of  meteoric  stones  is  evi- 
dently attended  with  imminent  danger  to  the 
inhabitants  of  those  places  on  which  they  fall. 
The  velocity  and  impetus  with  which  they 
descend  are  sufficient  to  cause  instant  death 
to  those  whom  they  happen  to  strike,  and  even 
to  demolish  human  habitations,  as  happened 
in  several  of  the  instances  above  recorded. 
Would  the  Deity  have  permitted  a  world  peo- 
pled with  innocent  beings  to  be  subjected  to 
such  accidents  and  dangers  1  If  not,  is  it  not 
a  presumptive  proof  that  man,  in  being  ex- 
posed to  such  casualties  from  celestial  agents, 
as  well  as  from  storms,  earthquakes,  and  vol- 
canoes, is  not  in  that  state  of  primeval  inno- 
cence in  which  he  was  created]  And  if  we 
suppose  that  a  moral  revolution  was  the  cause 
of  the  catastrophe  which  happened  to  the 
planet  to  which  we  allude,  we  may  trace  both 
a  physical  and  a  moral  connexion,  however 
distant,  between  the  earth  and  that  planet; 
for  if  the  stones  to  which  we  allude  are  a  part 
of  the  wreck  of  that  world,  they  have  been 
the  means  of  exciting  alarm  among  various 
tribes  of  the  earth's  population,  and  of  pro- 
ducing destruction  and  devastation ;  so  that 

*  These  stones,  in  our  translation  of  the  Bible, 
are  called  hailstones,  but  without  any  reason,  since 
the  original  word,  a6e7zi/n,si<rnifies  stones  in  gene- 
ral according  to  the  definition  j;iven  in  Park- 
hurst's  Hebrew  Lexicon  ;  and  in  the  book  of  Job, 
chap,  xxvlii.  3,  the  word  is  translated  stones  of 
darkness;  meaning,^undo\ibtedIy,  metallic  stoirec 
or  metals  which  are  searched  out  from  Ihe  buweis 
of  the  earth. 
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one  depraved  world  has  been  the  instrument 
in  some  degree  of  punishing  another. 

But  perhaps  I  have  gone  too  fai  in  such 
speculations.  I  have  stated  them  with  the 
view  of  showing  that  we  might  occasionally 
connect  our  moral  views  of  the  Deity  with 
the  contemplation  of  the  material  fabric  of  the 
universe.  When,  through  the  medium  of  our 
telescopes  and  our  physical  investigations,  we 
obtain  a  glimpse  of  the  order  and  economy 
of  a  distant  region  of  the  universe,  it  may  be 
considered  as  a  new  manifestation  of  the 
Deity,  and  it  is  our  duty  to  deduce  from  it 
those  instructions  it  is  calculated  to  convey. 
And  although  we  may  occasionally  deduce 
erroneous  conclusions  from  existing  facts,  yet 
such  speculations  and  reflections  may  some- 
times have  a  tendency  to  excite  an  interesting 
train  of  thought,  and  to  inspire  us  with  an 
ardent  desire  of  beholding  the  scene  of  the 
universe  and  the  plan  of  the  Divine  adminis- 
tration more  completely  unfolded,  in  that 
world  where  the  physical  and  moral  impedi- 
ments which  now  obstruct  our  intellectual 
vision  shall  be  for  ever  removed. 

VI.    OK^  THE  PLAXET  JUPITEB. 

Next  to  Pallas,  in  the  order  of  the  system, 
is  the  planet  Jupiter.  This  planet,  when 
nearest  the  earth,  is  the  most  splendid  of  all 
the  nocturnal  orbs,  except  Venus  and  the 
moon.  Its  distance  from  the  sun  is  495,000,- 
000  of  miles,  and  the  circumference  of  its 
orbit,  3,110,000,000  of  miles.  Around  this 
orbit  it  moves  in  eleven  years  and  three  hun- 
dred and  fifteen  days,  at  the  rate  of  nearly 
thirty  thousand  miles  every  hour.  When 
nearest  to  the  earth,  at  the  time  of  its  opposi- 
tion to  the  sun,  it  is  about  400,000,000  of 
miles  distant  from  us.  A  faint  idea  of  this 
distance  may  be  acquired  by  considering  that 
a  cannon-ball,  flying  five  hundred  miles  every 
hour,  would  require  more  than  ninety-one 
years  to  pass  over  this  space ;  and  a  steam- 
carriage,  moving  at  the  rate  of  twenty  miles 
an  hour,  would  require  nearly  two  thousand 
three  hundred  years  before  it  could  reach  the 
orbit  of  Jupiter.  When  at  its  greatest  dis- 
tance from  the  earth,  about  the  time  of  its 
conjunction  with  the  sun,  this  planet  is  distant 
from  us  no  less  than  590,000,000  of  miles ; 
yet  its  apparent  size,  in  this  case,  does  not 
appear  very  much  diminished,  although  it  is 
190,000,000  of  miles  further  from  us  in  the 
latter  case  than  in  the  former.  When  viewed 
with  a  telescope,  however,  it  appears  sensibly 
larger  and  more  splendid  at  the  period  of  its 
opposition  than  when  near  the  point  of  its 
conjunction. 

Diurnal  Rotation. — This  planet  has  been 
found  to  revolve  around  its  axis  in  the  space 
of  nine  hoiirs,  fifty-five  minutes,  and  forty- 
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nine  and  a  half  seconds.  Tnis  discovery  was 
made  by  observing  a  small  spot  in  one  of  the 
belts,  which  appeared  gradually  to  move  across 
the  disk  of  the  planet.  Mr.  Hook  appears  to 
have  first  observed  it  in  the  year  1664;  and 
in  the  following  year,  1665,  Cassini,  that  accu- 
rate observer  of  the  heavens,  perceived  the 
same  spot,  which  appeared  round,  and  moved 
with  the  greatest  velocity  when  in  the  middle, 
but  was  narrower  and  moved  more  slowly  as 
it  approached  nearer  the  edge  of  the  disk, 
which  showed  that  the  spot  adhered  to  the 
body  of  Jupiter,  and  was  carried  round  upon 
it.  This  spot  continued  visible  during  the 
following  year,  so  that  Cassini  was  enabled  to 
determine  the  period  of  Jupiter's  rotation  to 
be  nine  hours  and  nearly  fifty-six  minutes. 
This  rotation  is  far  more  rapid  than  that  of 
any  of  the  other  planets,  so  far  as  we  know, 
and  nearly  equals  the  velocity  of  Jupiter  in 
his  annual  course  round  the  sun.  The  cir- 
cumference of  this  planet  is  278,600  milee, 
and,  therefore,  its  equatorial  parts  will  move 
with  a  velocity  of  28,000  miles  an  hour,  which 
is  3000  miles  more  than  the  equatorial  parts 
of  the  earth's  surface  move  in  twenty-four 
hours.  This  rapid  velocity  of  the  tropical 
regions  of  Jupiter,  and  of  the  places  which  lie 
adjacent  to  them,  will  have  the  effect  of  ren- 
dering all  bodies  lighter  than  they  would  be 
were  the  motion  of  rotation  as.  slow  as  that  of 
the  earth.  The  gravity  of  bodies  at  the  sur- 
face of  Jupiter  is  more  than  twice  as  great  as 
at  the  surface  of  the  earth,  on  account  of  his 
superior  bulk ;  so  that  a  body  weighing  one 
pound  at  the  equatorial  surface  of  the  earth 
would  weigh  two  pounds  four  ounces  and  a 
half  at  the  surface  of  Jupiter.  If,  therefore, 
we  were  transported  to  the  surface  of  that 
planet,  we  should  be  a  burden  to  ourselves, 
being  pressed  down  with  more  than  double 
our  present  weight,  and  having  but  the  same 
strength  to  support  it.  But  Jupiter  is  eleven 
times  larger  in  circumference  than  the  earth  ; 
and  hence,  if  both  planets  revolved  on  their 
axes  in  the  same  time,  the  centrifugal  force 
on  Jupiter  would  be  eleven  times  greater  than 
with  us.  But  the  squares  of  the  number  of 
revolutions  performed  in  the  same  time  by  the 
earth  and  Jupiter;  that  is,  the  square  of 
twenty-four  hours,  and  the  square  of  nine 
hours,  fifty-six  minutes,  are  nearly  ^s  ore  to 
six ;  therefore,  a  body  placed  on  Jupiter  will 
have  sixty-six*  times  a  greater  centrifugal 
force  than  with  us,  which  would  sensibly  re* 
lieve  the  weight  of  the  inhabitants  if  they 
stood  in  need  of  it.  This  rapid  rotation 
would  of  itself  relieve  them  of  one-eighth,  or 
one-ninth  of  their  whole  weight ;  or,  in  othef 
words,  a  body  weighing  eight  stone  at  tho 
equator  of  Jnpiter,  if  the  planet  stood  stilly 
♦  That  is,  11X6=66. 
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would  gravitate  with  a  force  of  only  seven 
stone  on  the  commencement  of  its  diurnal 
rotation,  at  the  rate  at  which  we  now   find  it. 

It  may  perhaps  be  surmised  by  some  that, 
since  the  semi-diameter  of  Jupiter  is  eleven 
times  greater  than  that  of  the  earth,  the  at- 
traction or  weight  of  bodies  on  its  surface 
ought  to  bfl  eleven  times  greater  than  on  the 
surface  of  our  globe.  This  would  be  the 
case  if  the  matter  m  Jupiter  were  as  dense  as 
in  the  earth ;  and  the  weight  of  bodies  would, 
of  course,  be  in  proportion  to  their  semi-diame- 
ter, or  the  distance  of  the  surface  from  the 
centres  of  these  bodies.  But  the  density  of 
Jupiter  is  only  a  little  more  than  that  of 
water,  while  the  density  of  the  earth  is  five 
times  greater.  If  the  density  of  Jupiter  were 
as  great  as  that  of  the  earth,  and,  conse- 
quently, the  weight  of  bodies  on  its  surface 
eleven  times  greater,  men  of  our  stature  and 
make  could  scarcely  be  supposed  to  support 
eleven  times  the  weight  of  such  bodies  as 
ours,  but  behooved  to  be  almost  chained  down, 
to  the  surface  of  the  planet  by  their  own 
gravity ;  and  were  we  to  suppose  them  of  a 
larger  stature,  this  inconvenience  would  be- 
come the  greater ;  for  the  least  of  any  species 
of  animated  beings  have  generally  the  greatest 
nimbleness  and  agility  of  motion.  This  cir- 
cumstance is  perhaps  one  of  the  reasons  why 
the  larger  planets  of  the  system  have  the  least 
degree  of  density :  for  if  Jupiter  were  com- 
posed of  materials  as  dense  as  those  of  Mer- 
cury, organized  beings  like  man  would  be 
unable,  without  a  supernatural  power,  to  tra- 
verse the  surface  of  such  a  planet. 

In  consequence  of  the  rapid  motion  of  Ju- 
piter, the  days  and  nights  will  be  propoi- 
tionably  short.  The  sun  will  appear  to  move 
through  the  whole  celestial  hemisphere,  from 
the  eastern  to  the  western  horizon,  in  less 
than  five  hours,  and  all  the  planets  and  con- 
stellations will  appear  to  move  with  the  same 
rapidity :  so  that  the  apparent  motions  of  all 
these  bodies  will  be  perceptible  to  the  eye 
when  contemplating  them  only  for  a  few  mo- 
ments, excepting  those  which  appear  near  the 
polar  regions.  The  sky  of  this  planet  will 
therefore  assume  an  air  of  sublimity  superior 
to  ours,  in  consequence  of  all  the  bodies  it 
contains  appearing  to  sweep  so  rapidly  around, 
and  to  change  their  positions  in  so  short  a 
space  of  time.  As  Jupiter  moves  round  the 
sun  in  4332|  of  our  days,  and  round  its  axis 
in  nine  hours,  fifty-six  minutes,  there  will  be 
10,470  days  in  the  year  of  that  planet. 

Magnitude  and  Superjldal  Contents  of  the 
Globe  of.  JiLpiter. — This  planet  is  the  largest 
in  the  system,  being  89,000  miles  in  diameter, 
«nd,  consequently,  fourteen  hundred  times 
larger  than  the  earth.  Its  surface  contains 
j24>884iM0,000,  OKtwenty  four  thousand  eight 


hundred  and  eighty-four  millions  of  square 
miles,  which,  at  the  rate  of  population  for- 
merly stated,  380  inhabitants  to  a  square  mile, 
would  be  sufficient  for  the  accommodation  of 
6,967,520,000,000,  or  nearly  seven  hilllans  of 
inhabitants,  which  is  more  than  eight  thou- 
sand seven  hundred  times  the  present  popu- 
lation of  our  globe,  and  nearly  ffl/  times  the 
number  of  human  beings  that  have  existed 
on  the  earth  since  its  creation.  Although  the 
one  half  of  this  planet  were  covered  with 
water,  which  does  not  appear  to  be  the  case, 
it  would  still  be  ample  enough  to  contain  a 
population  more  than  four  thousand  times 
larger  than  that  of  our  globe.  If  such  a  popu- 
lation actually  exist,  as  we  have  little  reason 
to  doubt,  it  may  hold  a  rank,  under  the  Divine 
government,  equal  to  several  thousands  of 
worlds  such  as  ours.  Such  an  immense  globe, 
replenished  with  such  a  number  of  intellec- 
tual beings,  revolving  with  such  amazing  ra- 
pidity round  its  axis,  moving  forward  in  its 
annual  course  30,000  miles  every  hour,  and 
carrying  along  with  it  four  moons  larger  than 
ours  to  adorn  its  firmament,  presents  to  the 
imagination  an  idea  at  once  wonderfal  and 
sublime,  and  displays  a  scene  of  wisdom  and 
omnipotence  worthy  of  the  infinite  perfections 
of  its  Creator. 

%  Discoveries  which  have  been. made  in  rela* 
tion  to  Jupiter  by  the  Telescope, — Jupiter  pre- 
sents a  splendid  and  interesting  appearance 
when  viewed  with  a  powerful  telescope.  Hi& 
surface  appears  much  larger  than  the  full 
moon  to  the  naked  eye  ;  his  disk  is  diversified 
with  darkish  stripes;  his  satellites  appear 
sometimes  in  one  position  and  sometimes  in 
another,  but  generally  in  a  straight  line  with 
each  other.  Sometimes  two  of  them  are  seen 
on  one  side  of  the  planet  and  two  on  another ; 
sometimes  two  only  are  visible,  while  the 
other  tv/o  are  eclipsed  either  by  the  disk  or 
the  shadow  of  Jupiter ;  and  sometimes  all  the 
four  may  be  seen  on  one  side  and  in  a  straight 
line  from  the  planet,  in  the  order  of  their  dis* 
tances,  so  that  these  moons  present  a  different 
aspect  and  relation  to  each  other  every  sue- 
cessive  evening. 

These  moons  were  first  seen  by  Galileo,  in 
the  year  1610,  by  means  of  a  telescope  he  had 
constructed,  composed  of  two  glasses,  a  con- 
cave next  the  eye  and  a  convex  next  the  ob« 
ject,  which  magnified  about  thirty-three  times 
No  further  discoveries  were  made  in  relafion 
to  this  planet  till  about  the  year  1633,  when 
the  belts  were  discovered  by  Fontana  Rheita, 
Riccioli,  and  several  others.  They  were  after? 
ward  more  particularly  observed  and  delin° 
eated  by  Cassini.  These  belts  appear  like 
dark  stripes  across  the  disk  of  the  planet,  and 
are  generally  parallel  to  one  another  and  to 
the  planet's  equator.     They  are  somewhat 
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variable,  however,  both  as  to  iheir  number 
find  their  distance  from  each  other,  and  some- 
times as  to  their  position.  On  certain  occa- 
sions eis:ht  have  been  seen  at  a  time  ;•  at  other 
iimes  only  one.  Though  they  are  generally 
parallel  to  one  another,  yet  a  piece  of  a  belt 
has  been  seen  in  an  oblique  position  to  the 
rest,  as  in  Fig.  49.  They  also  vary  in  breadth  ; 
for  one  belt  has  been  observed  to  have  grown 
a  good  deal  narrower  than  it  was,  when  a 
neighbouring  belt  has  been  increased  in 
breadth,  as  if  the  one,  like  a  fluid,  had  flowed 
into  the  other.  In  favour  of  this  opinion,  it  is 
stated  in  the  "  Memoirs  of  the  Royal  Academy 
of  Sciences"  that  a  part  of  an  oblique  belt 
was  observed  to  lie  so  as  to  form  a  communi- 
cation between  them,  as  represented  in  Fig. 
49.  At  one  time,  says  Dr.  Long,  the  belts 
have  continued  without  sensible  variations  for 
nearly  three  months ;  at  another  time  a  new 
belt  has  been  formed  in  an  hour  or  two.  They 
have  sometimes  been  seen  broken  up  and  dis- 
tributed over  the  whole  face  of  the  planet,  in 
which  state  they  are  exhibited  in  some  of  the 
delineations  of  Sir  W.  Herschel ;  but  this  phe- 
nomenon is  extremely  rare,  and  does  not  ap- 
pear to  have  been  noticed  by  any  other  ob- 
server. In  the  year  1787  Schroeter  saw  two 
dark  belts  in. the  middle  of  Jupiter's  disk  ;  and 
near  to  them  two  white  and  luminous  belts, 
resembling  those  which  were  seen  by  Cam- 
pani  in  1664.  The  equatorial  zone  which 
was  comprehended  between  the  two  dark  belts 
had  assumed  a  dark  gray  colour,  bordering 
upon  yellow.  The  northern  dark  belt  then 
received  a  sudden  increase  of  size,  while  the 
southern  one  became  partly  extinguished,  and 
aftervv^ard  increased  into  an  uninterrupted 
belt.  The  luminous  belts  also  suffered  several 
changes,  growing  sometimes  narrower,  and 
sometimes  one  half  larger  than  their  original 
size. 

The  following  figures  represent  some  of  the 
appearances  of  the  belts  of  Jupiter. 


disk  in  the  space  of  ten  minutes,  was  judged 
to  be  the  shadow  of  one  of  the  satellites  moving 
across  the  disk  of  the  planet.     Fig.  51,  exhi- 


bits a  view  of  Jupiter  as  he  appeared  about 
the  end  of  1832  and  beginning  of  1833,  which 
was  taken  by  means  of  an  achromatic  tele- 
scope, with  magnifying  powers  of  150  and  180 
times.  Fig.  53,  is  a  view  taken  with  the  same 
telescope  in  1837.  In  this  view  the  principal 
belt  near  the  planet's  equator  appeared  dark, 
distinct,  and  well  defined  ;  but  the  other  two 
belts  at  either  pole  were  extremely  faint,  and 
could  only  be  perceived  after  a  minute  inspec- 
tion.    Fig.  53,  is  a  view  in  which  a  bright 


I^Hg.  49,  represents  a  view  of  Jupiter's  belts 
by  Cassini.  Fig.  50,  a  view  from  Dr.  Hook, 
as  delineated  in  the  "  Philosophical  Transac- 
tions" for  1666,  which  was  taken  by  a  sixty 
feet  refracting  telescope.  The  small  black 
spot  on  the  middle  belt,  which  did  not  appear 
at  the  beginning  of  the  observation,  and  which 
moved  about  a  third  or  fourth  part  across  the 


and  a  dark  spot  were  perceived  on  one  of  the 
belts ;  and  Fig.  54,  a  view  by  Sir  John  Her- 
schel. I  have  had  an  opportunity  of  viewing 
Jupiter  with  good  telescopes,  both  reflecting 
and  achromatic,  for  twenty  or  thirty  years 
past ;  and,  among  several  hundreds  of  observa- 
tions, I  have  never  seen  above  four  or  five 
belts  at  one  time.  The  most  common  appear- 
ance I  have  observed  is  that  of  two  belts,  dis- 
tinctly marked,  one  on  each  side  of  the  pla- 
net's equator,  and  one  at  each  pole,  generally 
broader,  but  much  fainter  than  the  others, 
I  have  never  perceived  much  change  in  the 
form  or  position  of  the  belts  during  the  same 
season,  but  in  successive  years  a  slight  degree 
of  change  has  been  perceptible,  some  of  the 
belts  having  either  disappeared,  or  turned 
much  fainter  than  they  were  before,  or  shifted 
somewhat  their  relative  positions ;  but  I  have 
never  seen  Jupiter  without  at  least  two  or 
three  belts.  Some  of  the  largest  of  these  bfilts, 
being  at  least  the  one  eighth  part  of  the  dia- 
meter of  the  planet  in  breadth,  must  occupy  a 
space  at  least  11,000  miles  broad  and  278,000 
miles  in  circumference  ;  for  they  run  along  the 
whole  circumference  of  the  planet,  and  appear 
of  the  same  shape  during  every  period  of  its 
rotation.  It  is  probable  that  Ih^  smallest  belts 
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we  can  distinctly  perceive  by  our  telescopes 
are  not  much  less  than  a  thousand  miles  in 
breadth. 

What  these  belts  really  are  has  been  a  sub- 
ject of  speculation  and  conjecture  among  as- 
tronomers, but  it  is  difficult  to  arrive  at  any 
definite  conclusion.  By  some  they  have  been 
regarded  as  immense  strata  of  clouds  in  the 
atmosphere  of  Jupiter;  while  others  imagine 
that  they  are  the  marks  of  great  physical 
changes  which  are  continually  agitating  the 
surface  of  this  planet.  I  am  inclined  to  think 
that  the  dark  belts  are  portions  of  the  real  sur- 
face of  the  planet,  and  that  the  brighter  parts 
are  something  analogous  to  clouds,  or  other 
substances  with  which  we  are  unacquainted, 
floating  in  its  atmosphere,  at  a  considerable 
elevation  above  its  surface.  That  the  dark 
belts  are  the  body  of  the  planet  appears  highly 
probable  from  this  consideration,  that  the  spot 
by  which  the  rotation  of  Jupiter  was  deter- 
mined has  been  always  found  in  connexion 
with  one  of  the  dark  belts ;  and  as  this  spot 
must  be  considered  as  a  permanent  one  on  the 
body  of  Jupiter,  so  the  belt  with  which  it  is 
connected  must  be  considered  as  a  portion  of 
the  real  body  of  the  planet.  It  is  absurd  and 
preposterous  to  suppose,  as  some  have  done, 
that  the  changes  on  the  surface  of  Jupiter  are 
produced  by  physical  convulsions,  occasioned 
by  earthquakes  and  inundations ;  for,  in  such 
a  case,  the  globe  of  Jupiter  would  be  unfit  for 
being  the  peaceful  abode  of  rational  inhabit- 
ants. What  should  we  think  of  a  world 
where  5000  miles  of  ocean  occasionally  inun- 
dated a  corresponding  portion  of  the  land,  or 
where  earthquakes  sometimes  swallowed  up 
continents  of  several  thousands  of  miles  in 
length  and  breadth  1  Such  physical  catastro- 
phes recurring  every  year  on  such  a  splendid 
and  magnificent  globe  as  Jupiter  would  not 
only  render  it  unfit  for  the  habitation  of  any 
beings,  but  would  imply  a  reflection  on  the 
wisdom  and  benevolence  of  the  great  Creator, 
Whatever  opinions,  therefore,  we  may  adopt 
respecting  the  phenomena  of  this  planet,  they 
ought  to  be  such  as  are  consistent  with  the 
idea  of  a  habitable  world  and  with  the  perfec- 
tions of  the  Deity.  Were  the  belts  of  Jupiter 
permanent  and  invariable,  it  would  be  com- 
paratively easy  to  account  for  the  phenomena 
which  appear  on  his  surface  ;  for  the  dark  belts 
might  be  considered  as  seas,  and  the  brigiitei 
portions  of  his  surface  as  land.  But  as  these 
belts,  whether  bright  or  dark,  are  found  to  be 
variable,  we  must  have  recourse  to  another 
hypothesis  for  their  explanation,  or  be  content 
in  the  mean  time  to  confess  our  ignorance. 
Our  opinions  and  conjectures  respecting  the 
circumstances  of  other  worlds  are  too  fre- 
quently guided  merely  by  what  we  know  of 
Uie  objects  and  operations  which  exist  on  our 
(420) 


globe ;  and  we  are  apt  to  think  that  tlie  Qf« 
rangements  of  other  globes  destined  for  tho 
abode  of  intellectual  beings  must  be  similar  to 
those  of  our  own.  We  talk  of  physical  con 
vulsions,  earthquakes,  and  inundations  in  Ju- 
piter, and  of  volcanic  eruptions  in  the  sun  and 
moon,  as  if  these  phenomena  were  as  common 
in  othp"  worlds  as  in  the  earth  ;  whereas  it  is 
not  improbable  that  they  are  peculiar  to  our 
globe,  and  that  they  are  connected  with  the 
moral,  or  rather  demoralized  state  of  its  pro- 
sent  inhabitants.  There  is  an  infinite  variety 
in  the  system  oi  nature ;  and  it  is  highly  pro- 
bable that  there  is  no  world  in  the  universe 
that  exactly  resembles  another.  Although 
Jupiter  moves  round  the  sun,  and  turns  upon 
his  axis  by  the  same  laws  which  direct  the 
motions  of  our  globe,  yet  there  may  he  as 
great  a  difference  in  the  arrangements  connect- 
eil  with  this  planet  and  those  of  the  earth,  as 
there  is  between  the  constitution  of  the  earth 
and  that  of  a  planet  which  revolves  around  the 
star  Sirius.  Would  it  be  altogether  impro- 
bable to  suppose  that  the  globe  of  Jupiter  is 
partly  inclosed  within  a  sphere  of  semitrans- 
parent  substance,  at  a  considerable  elevation 
above  his  surface,  or  rather  within  parallel 
rings,  like  an  Armillary  sphere  composed  of 
such  a  substance,  which  vary  their  position, 
and  sometimes  surround  one  part  of  his  globe 
and  sometimes  another  1  These  rings,  of 
whatever  substance  they  might  be  composed, 
might  serve  to  reflect  the  rays  of  the  sun  so  as 
to  produce  an  addition  of  light  and  heat,  and, 
at  the  same  time,  by  exhibiting  a  variety  of 
colours  and  motions,  to  diversify  and  adorn 
the  firmament  of  this  planet.  Almost  any 
supposition  is  preferable  to  the  idea  of  a  con- 
tinued scene  of  physical  convulsions.  The 
idea  now  thrown  out  is  not  more  extravagant 
than  that  of  a  planet  nearly  as  large  as  Jupi 
ter  being  surrounded  with  two  concentric 
rings.  Had  we  not  discovered  the  rings  of 
Saturn,  we  should  never  have  formed  the  idea 
of  a  world  environed  with  such  an  appendage. 
As  a  corroboration  of  the  idea  that  the  bright 
stripes  which  appear  on  this  planet  surround 
its  body  at  a  considerable  elevation,  it  has 
been  observed  by  Sir  John  Herschel,  "  that 
the  dark  belts  do  not  come  up  in  all  their 
strength  to  the  edge  of  the  disk,  but  fade 
away  gradually  before  they  reach  it ;"  an  al- 
most decisive  proof  that  the  bright  belts  in- 
close the  dark  ones,  or,  in  other  words,  the 
body  of  the  planet ;  and  that  they  are  elevated 
above  the  dark  globe  of  Jupiter,  in  all  proba- 
bility, not  less  than  a  thousand  miles. 

Whatever  opinion  we  may  form  as  to  the 
constitution  of  this  planet,  the  phenomena  it 
presents  afford  a  vast  field  for  investigation 
and  reflection.  If  it  be  a  fact,  as  has  been  as- 
serted by  credible  observers,  that  two  l>elts 


Hosted  by  Google 


SPLENDOUR  OF  JUPITER 


79 


save  gradually  disappeared  during  the  time 
of  an  observation,  and  that,  at  another  time,  a 
new  feelt  has  been  formed  in  an  hour  or  two, 
agents  far  more  powerful  than  any  with  which 
we  are  acquainted  must  have  been  in  operation 
to  produce  such  an  effect,  and  changes  more 
extensive  than  any  which  take  place  in  our 
terrestrial  sphere  must  have  happened  in  the 
regions  connected  with  Jupiter  ;  for  some  of 
the  belts  of  this  planet  are  from  five  to  ten 
thousand  miles  in  breadth  \  and  if  those  al- 
luded to  extended  quite  across  the  disk  of  the 
planet,  they  must  have  been  more  than  one 
hundred  and  thirty  thousand  miles  in  length. 
Yet  such  a  change  may  have  taken  place,  not 
only  without  convulsions,  causing  terror  and 
confusion,  but  to  the  admiration  and  joy  of 
the  inhabitants  of  that  globe,  as  opening  up  a 
new  and  striking  scene  in  the  canopy  of 
heaven ;  for  if  we  suppose  such  bright  belts  or 
circles  as  \  'e  have  imagined  rapidly  to  shift 
their  position  in  the  canopy  above,  such  a 
grand  effect  might  in  a  short  time  be  produced. 
Besides  the  belts,  spots  of  different  kinds, 
some  of  them  brighter  and  some  darker  than 
the  belts,  have  been  occasionally  seen.  The 
spot  by  which  Jupiter's  rotation  was  deter- 
mined is  the  largest,  and  of  the  longest  con- 
tinuance of  any  hitherto  observed.  Its  diame- 
ter is  one  tenth  of  the  diameter  of  Jupiter,  and 
it  is  situated  in  the  northern  part  of  the  south- 
ern belt.  Its  centre,  when  nearest  that  of  the 
planet,  is  distant  from  the  centre  of  Jupiter 
about  one  third  of  the  semidiameter  of  the 
planet.  This  spot  was  first  perceived  by  Hook 
and  Cassini  in  the  years  1664,  1665,  and 
1666.  It  appeared  and  vanished  eight  times 
between  the  year  1665  and  1708.  From  1708 
till  1713  it  was  invisible;  the  longest  time  of 
its  continuing  to  be  visible  was  three  years, 
and  the  longest  period  of  its  disappearing  was 
from  1708  to  1713.  It  has  evidently  some 
connexion  with  the  southern  belts  ;  for  it  has . 
never  been  seen  when  that  disappeared,  though 
that  belt  has  often  been  visible  without  the 
spot.  Besides  this  ancient  spot,  as  it  is  called, 
Cassini,  in  the  3rear  1699,  saw  one  of  less  sta- 
bility, which  did  not  continue  of  the  same 
shape  and  dimensions,  but  broke  into  several 
small  ones,  of  which  the  revolution  was  but  9 
hours,  51  minutes;  and  two  other  spots  which 
revolved  in  9  hours,  52^  minutes.  The  large 
spot  described  above,  being  about  the  one 
tenth  of  the  diameter  of  Jupiter,  must  have 
been  more  than  8000  miles  in  extent,  and, 
consequently,  larger  than  the  diameter  of  the 
earth.  When  Cassini  had  assured  himself 
of  the  period  of  rotation  from  the  motion  of 
this  spot,  he  made  a  report  of  his  observations 
to  the  Royal  Academy  of  Sciences,  and  cal- 
culated the  precise  moment  when  the  spot 
w-Quld  appear  on  the  eastern  limb  of  the  planet, 


on  a  future  day ;  on  which  the  academy  sent 
a  deputation  of  M.  Buot,  M.  Mariotte,  and 
others,  to  be  present  at  the  observation  ;  and 
when  they  came  to  the  royal  observatory,  they 
saw  the  spot  in  the  position  predicted,  and 
traced  its  motion  for  an  hour  or  two,  till  the 
heavens  began  to  be  overcast  with  clouds. 
All  the  observations  which  have  been  made 
upon  this  spot  and  others,  and  its  successive 
appearance  and  disappearance,  perfectly  agree 
with  the  idea  of  bright  belts  inclosing  the  globe 
of  Jupiter  at  a  distance  from  the  surface,  and 
varying  their  aspect  and  motions  at  different 
periods  of  time.  And  although  some  readers 
may  consider  it  as  a  trifling  matter  to  dwell 
with  such  particularity  on  a  spot  in  Jupiter, 
yet  that  spot,  however  insignificant  it  may 
appear  through  our  telescopes,  may  be  more 
spacious  and  important  in  the  system  of  nature 
than  all  the  continents  and  islands  of  our 
globe,  and  may  form  a  greater  portion  of  the 
divine  government  than  all  the  kingdoms  of 
the  earth. 

There  is  a  peculiar  splendour  in  the  appear- 
ance of  Jupiter,  both  through  the  telescope 
and  to  the  naked  eye,  considering  his  great 
distance  from  the  sun  and  from  the  earth. 
The  planet  Mars  appears  comparatively  dull 
and  obscure,  even  when  nearest  the  earth, 
when  it  is  only  fifty  millions  of  miles  distant ; 
while  the  planet  Jupiter,  which  is  350  mil- 
lions of  miles  further  from  the  earth  and  from 
the  source  of  light,  presents  a  brilhancy  of 
aspect  far  superior.  This  circumstance  seems 
to  indicate  that  there  is  some  apparatus  con- 
nected with  the  globe  of  Jupiter  calculated  to 
reflect  the  light  of  the  sun  in  a  peculiar  man- 
ner, both  on  the  surface  of  the  planet  itself, 
on  its  moons,  and  towards  other  planets.  Such 
an  apparatus  is  not  only  v'onsistent  with  the 
supposition  thrown  out  abov.^.  but  tends  to 
corroborate  it ;  and  however  strange  we  may 
consider  the  idea  of  brilliant  belts  surrounding 
a  planet,  yet  as  variety  is  stamped  on  all  the 
v/orks  of  the  Creator,  and  as  no  world  is  pre- 
cisely like  another,  the  dissimilarity  of  such  an 
appendage  to  what  we  know  of  our  own  or  of 
other  globes  ought  to  be  no  argument  against 
its  existence.  If  we  wish  to  know  more  of  the 
phenomena  of  this  planet  than  what  we  have 
hitherto  ascertained,  we  must  endeavoui  to 
improve  our  telescopes,  and  to  increase,  inde- 
finitely, the  number  of  observers.  Were  an 
immense  number  of  intelligent  observers  dis- 
tributed over  different  parts  of  the  earth,  and 
provided  with  the  best  telescopes  ;  were  they 
to  mark  with  care  and  minuteness  the  pheno- 
mena to  which  we  have  adverted  ;  were  they 
to  delineate,  in  a  series  of  drawings,  the  various 
aspects  of  this  planet  during  two  or  three  pe- 
riodical revolutions,  marking  the  periods  of 
the  different  changes,  and  the  positions  of  the 
2N  (421) 
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planet  with  respect  to  the  earth  and  the  sim, 
and  noting  at  the  same  time  the  positions  of 
the  satellites  when  any  change  in  the  belts 
took  place,  we  might  possibly  ascertain  some- 
thing more  of  the  nature  of  the  belts,  whether 
dark  or  bright,  of  the  periods  of  their  changes, 
and  whether  these  changes  be  influenced  by 
the  attractive  power  of  the  satellites.  For  if 
any  appendage  is  connected  with  Jupiter 
CDmposed  of  a  substance  of  small  density,  it  is 
reasonable  to  believe  that  its  positions  and 
movements  would  be  affected  at  certain  times 
by  the  positions  of  the  satellites,  especially 
when  they  all  happened  to  be  situated  on  the 
same  side  of  Jupiter. 

Seasons,  Proportion  of  Light,  Sf-c,  in  Jupi- 
ter.— The  axis  of  this  planet  being  nearly  per- 
pendicular to  the  plane  of  its  motion,  there 
can  be  no  variety  of  seasons  similar  to  what 
we  experience.  The  inclination  of  its  axis, 
however,  is  stated  by  some  astronomers  to  be 
86  degrees,  54^  minutes ;  or  3  degrees,  5^ 
minutes  from  the  perpendicular.  This  incli- 
nation will  cause  a  slight  variety  of  seasons 
at  different  periods  of  the  planet's  annual  re- 
volution, but  not  nearly  to  the  same  extent 
as  in  Mars  or  the  earth.  If  the  axis  of  Jupiter 
were  as  much  inclined  to  his  ecliptic  as  the 
axis  of  the  earth,  his  polar  regions  would  re- 
main in  darkness  for  nearly  six  years  with- 
out intermission,  just  as  the  places  around  our 
north  and  south  poles  are  deprived  of  the 
light  of  the  sun  for  one  half  of  the  year. 
There  will  be  nearly  equal  day  and  night  in 
every  part  of  the  surface  of  this  planet ;  but 
to  the  places  near  the  equator  the  sun  will  ap- 
pear to  rise  to  a  high  elevation  above  the  hori- 
zon, and  to  move  through  the  heavens  with 
great  rapidity,  while  near  the  polar  regions  he 
will  appear  to  m*^  ve  comparatively  slow,  and 
to  describe  on^y  a  small  semicircle  above  the 
horizon.  We  are  not  to  imagine,  however, 
that  "everlasting  winter"  prevails  around  the 
poles  of  this  planet,  as  some  have  asserted, 
because  the  sun  never  rises  high  above  those 
regions,  and  the  solar  rays  fall  obliquely  upon 
them;  for  there  may  be  arrangements  and 
compensations,  of  which  we  are  ignorant,  to 
produce  nearly  as  great  a  degree  of  ligbt  and 
heat  in  the  polar  as  in  the  equatorial  regions ; 
and  perhaps  the  bright  belts  to  which  we 
have  adverted  may  be  so  arranged  as  to  con- 
tribute to  this  effect.  Nor  are  we  to  imagine 
that  there  is  no  variety  of  scenery  in  Jupiter 
because  there  are  no  seasons  similar  io  ours. 
For  every  degree  of  latitude  from  the  equator 
to  the  poles  will  produce  a  diversity  of  aspect ; 
and  the  variation  of  the  belts,  whatever  may 
be  their  arrangement,  and  of  what  substances 
goever  they  may  consist,  will  produce  a  diver- 
sity of  scenery  in  the  firmamont  of  Jupiter  far 
greater,  and,  perhaps,  far  more  magnificent 
(422) 


and  transporting  than  any  thing  we  conteis^ 
plate  in  our  terrestrial  abode. 

The  intensity  of  the  solar  tight  o-n  the  sur- 
face of  Jupiter  is  twenty-seven  times  less  than 
on  the  earth.  The  mean  apparent  diametei 
of  the  sun,  as  seen  from  the  earth,  is  thirty- 
two  minutes,  three  seconds  ;  but  the  solar  di- 
ameter, as  seen  from  Jupiter,  is  only  six 
minutes,  nine  seconds,  which  is  less  than  one 
fifth  so  great  as  the  sun  appears  to  us.  The 
square  of  6'  Q'\  or  369'',  is  136,161,  and  the 
square  of  32'  3"  is  369,729,  which,  divided 
by  136,161,  produces  a  quotient  of  27  1-6, 
which  shows  that  the  surface  of  the  sun,  as 
seen  from  Jupiter,  is  moie  than  twenty -seven 
times  less  than  he  appears  to  us  ;  and  as  the 
intensity  of  light  decreases  in  proportion  to 
the  square  of  the  distance,  there  will  be 
twenty-seven  times  less  light  on  this  planet 
than  on  the  earth.  But  if  the  intensity  ol 
the  light  be  increased  by  reflection  from  any 
substances  connected  with  this  planet,  or  if 
the  inhabitants  have  the  pupils  of  their  eyes 
much  larger  than  ours,  all  the  objects  around 
them  may  appear  with  even  greater  splendour 
than  on  the  earth.  The  following  figures  wil8 
show  to  the  eye  the  proportional  size  of  the 
sun  as  seen  from  Jupiter  and  from  the  earths 
The  small  circle  shows  the  comparative  bulk 
of  the  solar  orb  as  seen  from  Jupiter,  and 
the  larger  circle  its  bulk  as  viewed  from  th« 
earth. 

Fig.  55. 


Nothing  particular  has  been  ascertained  re- 
specting an  atmosphere  surrounding  this  pla- 
net. Though  it  is  probable  that  it  has  an 
appendage  answering  the  purpose  of  an  atmo- 
sphere, yet  it  may  be  very  different  in  its  na- 
ture and  properties  from  that  which  surrounds 
the  earth.  And  if  the  planet  be  surrounded 
with  bright  belts,  as  we  have  supposed,  or  if 
the  bright  parts  of  its  surface  are  to  be  consi- 
dered as  something  analogous  to  clouds  sus- 
pended in  a  body  of  air,  it  is  evident  that  the 
denser  parts  of  its  atmosphere  never  can  be 
perceived  by  us,  and  that  no  dimness  or  ob- 
scurity is  to  be  expected  when  a  fixed  star 
approaches  its  disk.  Hence  M.  Schroeter, 
when  he  had  a  very  clear  and  distinct  view  of 
the  spots  and  belts  when  Jupiter  suff^^red  ao 
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CKxultatijn  by  the  moon  on  tlie  7th  of  April, 
1792,  could  jmrceive  nothing  throughout  the 
whole  observation,  indicative  of  a  refractive 
medium  near  the  margin  of  the  planet. 

Jupiter  is  remarkable  on  account  of  his 
spheroidal  figure.  This  figure  is  obvious  to 
the  eye  when  viewing  the  planet  with  a  high 
magnifying  power.  Nor  is  this  an  optical  il- 
lusion ;  for  both  diameters  have  been  accu- 
rately measured  by  the  micrometer;  and  the 
equatorial  diameter  is  found  to  be  in  propor- 
tion to  the  polar  nearly  as  fourteen  to  thirteen, 
so  that  the  equatorial  is  more  than  6300  miles 
longer  than  the  polar  diameter.  This  oblate 
figure  is  ascribed  to  the  swiftness  of  Jupiter's 
rotation,  which  produces  a  centrifugal  force, 
which  has  a  tendency  to  make  the  equatorial 
parts  more  protuberant  than  the  polar.  From 
calculations  formed  on  the  principles  of  phy- 
sical astronomy,  it  is  found  that  the  proportion 
above  stated  is  really  the  degree  of  oblateness 
which  corresponds,  on  those  principles,  to  the 
dimensions  of  this  planet  and  the  time  of  its 
rotation  ;  so  that  theory  perfectly  harmonizes 
v/ith  observation. 

The  density  of  this  planet  compared  with 
that  of  water  is  as  1  1-24  to  1 ;  that  is,  it  is 
a  small  fractional  part  denser  than  water. 
Its  mass,  compared  with  that  of  the  sun,  is  as 
1  to  1067 ;  compared  with  that  of  the  earth, 
as  312  to  1,  that  is,  Jupiter  could  weigh  312 
globes  of  the  same  size  and  density  as  the 
earth.  The  eccentricity  of  its  orbit  is  23,810, 
000  miles ;  and  the  inclination  of  the  orbit  to 
the  ecliptic  is  about  one  degree,  nineteen  mi- 
nutes. Its  mean  apparent  diameter  is  thirty- 
eight  seconds,  and  its  greatest  diameter,  when 
in  opposition  to  the  sun,  forty-seven  and  a 
half  seconds.  Its  mean  arc  of  retrogradation 
is  nine  degrees,  fifty-four  minutes,  and  its 
mean  duration  about  121  days.  This  retro- 
gradation,  or  moving  contrary  to  the  order  of 
the  signs,  commences  or  finishes  when  the 
planet  is  not  more  than  115  degrees  from  the 
sun.  The  following  figure  exhibits  a  view 
of  Jupiter  and  his  satellites  as  seen  through  a 
good  telescope. 


VII.  OK  THE    PLANET  SATURN. 

The   plaret  Saturn  may  be  considered  in 
uhnost  every  respect  as  the  most  magnificent 


and  interesting  body  within  the  limits  of  the 
planetary  system.  Viewed  in  connection  with 
its  satellites  and  rings,  it  comprehends  a 
greater  quantity  of  surface  than  even  Uie 
globe  of  Jupiter ;  and  its  majestic  rings  con- 
stitute the  most  singular  and  astonishing  phe- 
nomena that  have  yet  been  discovered  within 
the  limits  of  our  system. 

Its  distance  from  the  sun  is  908  millions 
of  miles,  which  is  nearly  twice  the  distance 
of  Jupiter ;  and  the  circumference  of  its  orbit 
is  5,695,000,000  of  miles;  to  move  loujid 
which  a  cannon  ball  would  require  more  than 
1300  years,  although  it  were  n.oving  500 
miles  every  houi.  But  a  steam -carriage, 
moving  at  the  rate  of  twenty  miles  an  hour, 
would  require  above  32,500  years  to  complete 
the  same  round.  When  nearest  the  earth, 
Saturn  is  811  millions  of  miles  distant,  an  in- 
terval which  could  not  be  traversed  by  a  car- 
riage, at  the  rate  now  stated,  in  less  than  4629 
years  ;  and  even  a  cannon  ball,  moving  with 
the  velocity  above  mentioned,  would  require 
184  years.  So  that,  although  man  were  di- 
vested of  the  gravitating  power,  and  capable 
of  supporting  himself  amid  the  ethereal  regions, 
and  though  he  were  invested  with  a  power  of 
rapid  motion  superior  to  any  movement  we 
perceive  on  earth,  before  he  could  reach  the 
middle  orbit  of  the  planetary  system,  or  one 
fourth  of  its  diameter,  it  would  require  a  space 
of  time  far  more  than  is  yet  al'otted  to  mortal 
existence,  and,  therefore,  all  hope  of  personally 
exploring  the  celestial  regions  is  completely 
annihilated,  so  long  as  we  are  invested  with 
our  present  corporeal  vehicles,  and  are  con- 
nected with  this  terrestrial  abode. 

This  planet  revolves  around  the  sijn  in  the 
space  of  about  29^  years,  or  in  10,758  days, 
23  hours,  16  minutes,  34  seconds,  which  is  its 
sidereal  revolution,  or  the  time  it  takes  in 
moving  from  a  certain  fixed  star  to  the  same 
star  again.  Through  the  whole  of  its  circuit 
it  moves  at  the  rate  of  22,000  miles  every 
hom-o  The  period  of  its  rotation  was  for  a 
long  time  unknown.  About  a  century  ago, 
it  was  conjectured  by  some  astronomers  that 
it  was  accomplished  in  about  ten  or  eleven 
hours.  It  was  not,  however,  till  Sir  W.  Her- 
schel  applied  his  powerful  telescopes  to  Saturn 
that  its  rotation  was  accurately  determined. 
By  certain  dark  spots  vs^hich  he  perceived  on 
its  disk,  and  by  their  change  of  position,  he 
ascertained  that  the  diurnal  rotation  is  per- 
formed in  ten  hours,  sixteen  minutes,  and 
nineteen  seconds.*  It  is  remarkable  that  La 
Place,  from  physical  considerations,  had  calcu- 
lated the  rotation  of  Saturn  to  be  nearly  the 
same  as  above  stated,  before  Herschel  had  de- 

*  Sir  John  Herschel  states  the  period  of  rotatton 
to  be  ten  hours  twenty-nine  minutes,  seventeco 
seconds. 
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termined  it  by  direct  observation.  The  rota- 
tion is  performed  on  an  axis  perpendicular  to 
tlie  plane  of  the  ring.  The  circumference  of 
Saturn  being  248,000  miles,  the  parts  about 
the  equator  will  move  at  the  rate  of  24,000 
miles  an  hour.  Its  year  will  consist  of  25,150 
days,  or  periods  of  its  diurnal  rotation. 

Proportion  of  Light  on  Saturn. — This  pla- 
net heing  about  9^  times  further  from  the  Sun 
than  the  earth,  it  will  receive  only  the  one 
ninetieth  of  the  light  which  we  receive  ;  for 
the  Kquare  of  9^  is  equal  to  90|.  Thi.-  quan- 
tity of  light,  however,  is  equal  to  the  light 
which  would  be  reflected  from  a  thousand  full 
moons  such  as  ours  ;  and  there  can  be  little 
doubt  that  the  beings  that  reside  in  this  planet 
have  their  organs  of  vision  so  constructed  as 
to  be  perfectly  adapted  to  the  quantity  of  light 
they  receive  ;  and,  by  such  an  adaptation,  all 
the  objects  around  them  may  appear  as  splen- 
didly enlightened,  and  their  colours  as  vivid  as 
they  do  on  the  globe  on  which  we  live.  The  ap- 
parent diameter  of  the  sun,  as  seen  from,  vSaturn, 
is  three  minutes,  twenty -two  seconds  ;  but  his 
mean  apparent  diameter,  as  seen  from  the 
earth,  is  equal  to  thirty-two  minutes,  three  se- 
conds. This  proportion  of  size  in  which  the 
sun  appears  from  the  earth  and  from  Saturn  is 
represented  in  the  following  figure,  in  which 
the  small  circle  represents  the  size  of  the  sun 
as  seen  from  Saturn. 

Fig.  57. 


Discoveries  hy  the  Telescope  on  the  Body  of 
Saturn. — The  great  distance  of  this  planet 
from  the  earth  prevents  us  from  observing  its 
surface  so  minutely  as  that  of  Jupiter.  Cer- 
tain dusky  spots,  however,  have  of  late  years 
been  occasionally  seen  on  its  surface,  when? 
very  powerful  telescopes  were  applied,  and  by 
the  motion  of  these  its  diurnal  rotation  was  de- 
termined. Belts  somewhat  similar  to  those  of 
Jupiter  have  likewise  heen  seen.  Huygens, 
more  than  150  years  ago,  states  that  he  had 
perceived  five  belts  on  Saturn  which  were 
nearly  parallel  to  the  equator.  Sir  W.  Her- 
echel,  in  his  numerous  observations,  also  ob- 
geiTcd  several  belts,  which  in  general,  were 
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parallel  with  the  ring.  On  the  1 1  th  of  No- 
vember, 1798,  immediately  south  of  the  sha- 
dow of  the  ring  upon  Saturn,  he  perceived  a 
bright,  uniform,  and  broad  belt,  and  close  to  \i 
a  broad  or  darker  belt,  divided  by  two  narrow 
white  streaks,  so  that  he  saw  five  belts,  three 
of  which  were  dark  and  two  bright.  The 
dark  belt  had  a  yellow  tinge.  These  belts 
cover  a  larger  zone  of  the  disk  of  the  planet 
than  the  belts  of  Jupiter  occupy  upon  his  sur- 
face. With  a  magnifying  power  of  200  times 
I  have  sometimes  seen  one  darkish  belt  on  the 
body  of  Saturn  ;  but  it  was  much  fainter  than 
those  of  Jupiter.  It  does  not  appear  that  these 
belts  vary  or  shift  their  positions,  as  the  belts 
of  Jupiter  are  found  to  do ;  the  dark  ones  are 
much  fainter  than  those  of  Jupiter,  and,  ther^K 
fore,  it  is  most  probable  that  they  are  perma- 
nent portions  of  the  globe  of  Saturn,  which 
indicate  a  diversity  of  surface  and  configura- 
tion either  of  land  or  water,  or  of  some  othei 
substances  with  which  we  are  unacquainted 
When  this  planet  is  viewed  with  a  good  tele- 
scope, it  appears,  like  Jupiter,  to  be  of  a  sphe- 
roidal figure,  or  somewhat  approaching  to  it 
The  proportion  of  its  polar  to  its  equatorial 
diameter  is  as  32  to  35,  or  nearly  as  11  to 
12  ;  so  that  the  polar  diameter  is  more  than 
6,700  miles  shorter  than  the  equatorial,  which 
is  a  greater  difference  than  that  of  the  two  di- 
ameters of  Jupiter.  Saturn  was  generally 
considered,  till  lately,  as  a  regular  spheroid  ; 
but  on  the  12th  of  April,  1805,  Sir  W.  Her- 
schei  was  struck  with  a  very  singular  appear- 
ance when  viewing  the  planet.  "  The 
flattening  of  the  poles  did  not  seem  to  begin 
till  near  a  very  high  latitude,  so  that  the  real 
figure  of  the  planet  resembled  a  square,  or 
rather  a  parallelogram,  with  the  four  corners 
rounded  off  deeply,  but  not  so  much  as  to 
bring  it  to  a  spheroid."  It  is  probable  that  the 
action  of  the  ring  or  its  attractive  power  is 
the  cause  of  the  great  protuberance  which  is 
found  about  the  equatorial  regions  of  Saturn. 
Magnitude  and  Extent  of  Surface  on 
Saturn. — This  planet  is  about  79,000  miles 
in  diameter,  and  nearly  a  thousand  times 
larger  than  the  earth.  Its  surface  contains 
more  than  19,600,000,000  of  square  miles, 
and,  consequently,  at  the  rate  of  280  inhabit- 
ants to  a  square  mile,  it  would  contain  a  popu- 
lation of  5,488,000,000,000,  or  about  five 
■pillions  and  a  half,  which  is  six  thousand 
eight  hundred  and  sixty  times  the  present 
number  of  inhabitants  on  our  globe ;  so  that 
this  globe,  which  appears  only  like  a  dim 
speck  on  our  nocturnal  sky,  may  be  con- 
sidered as  equal  to  six  thousand  worlds  like 
ours ;  and  since  such  a  noble  apparatus  of 
rings  and  moons  is  provided  for  the  accommo- 
dation and  contemplation  of  intelligent  beings, 
we  cannot  doubt  that  it  is  replenished  with 


Hosted  by  Google 


GRAVITATING  POWER  OF  THE  PLANETS. 


83 


ten  thousand  times  ten  thousands  of  sensitive 
and  rational  inhabitants;  and  that  the  scenes 
and  transactions  connected  with  that  distant 
world  may  far  surpass  in  grandeur  whatever 
has  occurred  on  the  theatre  of  our  globe. 
/  Density  of  Saturn. — The  density  of  Saturn 
compared  with  that  of  the  earth  is  nearly  as 
one  to  nine ;  compared  with  that  of  water,  it 
is  less  than  one-half;  so  that  the  mean  density 
of  this  planet  cannot  be  much  more  than  the 
density  of  cork;  and,  consequently,  the  globe 
of  Saturn,  were  it  placed  in  an  immense 
ocean,  would  swim  on  the  surface  as  a  piece 
of  cork  or  light  wood  swims  in  a  basin  of 
water.  There  is  none  of  the  planets,  so  far 
as  we  know,  whose  density  is  so  small  as  that 
of  Saturn,  or  less  than  the  density  of  water. 
We  are  not  to  imagine,  however,  that  the 
materials  which  compose  the  surface  of  Saturn 
are  as  light  as  cork,  or  similar  substances ;  for 
any  thing  we  know  to  the  contrary,  they  may 
be  as  dense  as  the  rocks  and  mould  which 
compose  the  crust  of  our  globe.  We  have 
only  to  suppose  that  the  globe  of  Saturn  is 
hollow,  or  merely  filled  with  some  elastic  fluid, 
and  that  the  solid  parts  of  its  exterior  crust 
form  a  shell  of  a  hundred  or  two  hundred 
miles  in  thickness.  It  is  true,  indeed,  that 
the  density  of  our  globe  increases  from  its 
surface  downward,  perhaps  even  to  the  centre. 
But  we  have  no  reason  to  suppose  that  this  is 
the  case  with  all  the  other  planets;  on  the 
contrary,  it  is  most  probable  that  it  is  exactly 
the  reverse  in  the  case  of  Saturn;  for  if  the 
materials  which  compose  that  planet  were  to 
increase  in  density  towards  the  centre,  the 
substances  on  its  surface  would  have  little 
more  density  or  sohdity  than  that  of  a  cloud 
suspended  in  the  atmosphere.  And  we  know 
that,  in  all  the  works  of  the  Creator,  variety 
is  one  grand  characteristic  of  his  plans,  even 
where  the  same  general  objects  are  intended 
to  be  accomplished,  and  the  same  general 
laws  ate  in  operation. 

From  want  of  correct  views  on  this  subject, 
several  foolish  and  erroneous  notions  have 
been  entertained  and  circulated.  In  a  late 
number  of  a  popular  and  extensively  circu- 
lated journal,  when  treating  of  "Planetary 
Arrangements,"  it  is  stated,  that  "while  on 
Mercury  a  native  of  earth  would  scarcely  be 
able  to  drag  one  foot  after  another  for  the 
strong  power  pulling  him  to  the  ground,  he 
could,  on  the  planet  Saturn,  leap  sixty  feet 
high  as  easily  as  he  could  here  leap  a  yard." 
Now  'both  these  positions  are  quite  erroneous ; 
for  although  the  density  of  Mercury  is  about 
double  the  density  of  the  earth,  and  nearly 
that  of  lead,  yet  the  bulk  of  the  two  planets  is 
very  dilTerent,  the  diameter  of  the  earth  being 
nearly  8000  miles,  while  that  of  Mercury  is 
only  3200,  and  the  force  with  which  a  body 
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placed  on  their  surfaces  gravitates  to  them  is 
in  proportion  to  their  manses  divided  by  the 
squares  of  their  diameters.  If  Mercury  were 
as  large  as  the  earth,  an  inhabitant  of  om 
globe  placed  on  the  surface  of  that  planet 
would  feel  himself  "pulled  to  the  ground"  as 
if  he  were  placed  on  a  similar  ball  of  lead,  and 
his  weight,  of  course,  would  be  increased  ;  but, 
as  matters  now  stand,  the  gravitation  on  Mer- 
cury is  only  a  small  fraction  greater  than  on 
the  surface  of  the  earth ;  so  that,  in  this  re- 
spect, "a  native  of  earth,"  and  particularly 
an  inhabitant  of  Greenland,  might  walk  with 
nearly  as  much  ease  on  the  planet  Mercury 
as  under  our  equator.  The  same  considera- 
tions show  the  absurdity  of  what  is  stated  in 
relation  to  Saturn  ;  for  that  planet  is  ten  times 
the  diameter  of  the  earth;  and  though  its 
density  is  nearly  as  small  as  that  of  cork,  yet 
its  immense  bulk  renders  the  force  of  gravity 
at  its  surface  somewhat  greater  than  even  on 
the  earth,  and  almost  as  great  as  on  the  sur- 
face of  Mercury.  A  body  which  weighs  one 
pound  on  the  surface  of  the  earth  would  weigh 
one  pound  and  four  drachms  if  removed  to  the 
surface  of  Saturn ;  so  that  a  person,  instead  of 
being  able  to  "  leap  sixty  feet  high"  from  the 
surface  of  this  planet,  would  be  unable  to  leap 
quite  so  high  as  he  can  do  on  the  earth.  In 
short,  there  is  not  a  planet  in  the  solar  system, 
with  the  exception  of  Jupiter,  on  which  an 
inhabitant  of  the  earth  might  not  move  about 
as  easily,  in  respect  to  gravitating  power,  as 
he  does  on  the  terraqueous  globe;  and  even 
on  JupitcL  he  would  experience  little  more 
than  double  the  weight  he  now  feels.  On 
some  of  the  other  planets,  such  as  Mars  and 
Juno,  he  would  feel  somewhat  lighter  than  he 
now  does,  but  not  nearly  so  much  as  would 
enable  him  to  leap  to  such  a  height  as  above 
stated.  On  the  same  principle,  which  is 
taken  for  granted  in  the  above  quotation,  we 
might  suppose  that  a  person  would  feel  much 
lighter  were  he  placed  on  the  surface  of  the 
sun,  because  the  density  of  that  luminary  is 
little  more  than  the  density  of  water ;  whereas, 
in  consequence  of  his  immense  size,  the  gravi- 
tating power  would  be  twenty-seven  times 
greater  than  at  the  surface  of  our  globe.  For, 
according  to  the  calculations  of  La  Place,  a 
body  which,  at  the  earth's  equator,  weighs  ono 
pound,  if  transported  to  the  surface  of  the  sun 
would  weigh  about  twenty-seven  and  a  half 
pounds ;  from  which  it  follows,  that  there  a 
heavy  body  would  descend  about  four  hundred 
and  twenty-five  feet  in  the  first  second  of  time; 
consequently,  were  a  man  who  weighs  two 
hundred  pounds  to  be  placed  on  the  sun,  he 
would  be  pressed  down  to  its  surface  with  a 
force  equal  to  five  thousand  five  hundred 
pounds,  or  nearly  two  tons  and  a  half,  which 
would  fix  him  to  the  surface  without  power 
2  N  2  (425) 
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of  motion.  So  that  whatever  beings  may 
inhabit  that  globe,  it  is  not  fitted  for  the 
residence  of  man  in  his  present  state  of 
organization. 

The  eccentricity  of  Saturn's  orbit  is  49,000,- 
000  of  miles,  which  is  about  the  1-37  part  of 
the  diameter  of  the  orbit.  Its  inclination  to 
the  ecliptic  is  2°  29^'.  Its  apparent  diameter, 
as  seen  from  the  earth,  is  seventeen  minutes, 
six  seconds;  and  its  mean  daily  motion,  two 
minutes  of  a  degree. 

VIII.  O^  THE  RIIirGS  OF  SATURN. 

Besides  the  appearances  above  described, 
this  planet  is  encircled  with  a  double  ring, 
one  of  the  most  astonishing  phenomena  which 
have  yet  been  discovered  in  the  heavens,  and 
which,  therefore,  requires  a  separate  and  par- 
ticular description. 

The  first  individual  who  perceived  a  glimpse 
of  Saturn's  ring  was  Galileo,  soon  after  the 
invention  of  the  telescope.  He  thought  he 
saw  that  planet  appear  like  two  smaller  globes 
on  each  side  of  a  larger  globe ;  or,  as  he  ex- 
pressed it,  that  "  Saturn  was  in  the  shape  of 
an  olive."  In  the  year  1610  he  published  his 
discovery  in  a  Latin  sentence,  the  meaning  of 
which  was,  that  he  had  seen  Saturn  appear 
with  three  bodies.  After  viewing  Saturn  in 
this  form  for  two  years,  he  was  surprised  to 
see  him  become  quite  round  without  his 
adjoining  globes,  and  to  remain  in  this  state 
for  some  time,  and,  after  a  considerable  period, 
to  appear  again  in  his  triple  form  as  before. 
This  deception  was  owing  to  the  want  of 
magnifying  power  in  the  telescope  used  by 
Galileo ;  for  the  first  telescope  constructed  by 
this  astronomer  magnified  the  diameters  of  ob- 
jects only  three  times ;  his  second  improved  tele- 
scope magnified  only  eight  times  ;  and  the  best 
telescope  which,  at  that  time,  he  found  himself 
capable  of  constructing,  magnified  little  more 
than  thirty  times;  and  with  this  telescope  he 
made  most  of  his  discoveries.  But  a  telescope 
of  this  power  is  not  suflTicient  to  show  the 
opening  or  dark  space  between  the  ring  and 
Saturn  on  each  side  of  the  planet ;  and  at  the 
time  when  it  appeared  divested  of  its  two 
appendages,  the  thin  and  dark  edge  of  the 
ring  must  have  been  in  a  line  between  his 
eye  and  the  body  of  Saturn,  which  phenome- 
non happens  once  every  fifteen  years.  About 
forty  years  after  this  period  the  celebrated 
Huygens  greatly  improved  the  art  of  grinding 
object  glasses;  and  with  a  telescope  of  his 
own  construction,  twelve  feet  long,  and  after- 
ward with  another  of  twenty  three  feet,  which 
magnified  objects  one  hundred  times,  he  dis- 
covered the  true  shape  of  Saturn's  ring,  and 
in  1659  he  published  his  "  Systema  Satur- 
nium^^  in  which  he  describes  and  delineates 
eU  its  appearances. 
(426) 


It  was  suspected  by  astronomers  more  ihaa 
a  century  ago  that  the  ring  of  Saturn  wa« 
double,  or  divided  into  two  concentric  rings. 
Cassini  supposed  it  probable  that  this  was  the 
case.  Mr,  Pound,  in  the  account  of  his  ob- 
servations on  Saturn  in  1723,  by  means  of 
Hadley's  new  reflecting  telescope,  states  that 
with  this  instrument  he  could  plainly  perceive 
" the  black  list  in  Saturn'' s  ring"  and  gives 
an  engraving  of  the  planet  and  ring  with  this 
dark  stripe  distinctly  marked,  as  in  the  modern 
views  of  Saturn.*  Mr.  Hadley  likewise  statesf 
that,  in  the  year  1722,  with  the  same  telescope, 
he  observed  the  dark  line  on  the  ring  of  Saturn 
parallel  to  its  circumference,  which  was  chiefly 
visible  on  the  ansse,  or  extremities  of  the  elliptic 
figure  in  which  the  ring  appears,  but  that  he 
was  several  times  able  to  trace  it  quite  round ; 
particularly  in  May,  1722,  he  could  discern  it 
without  the  northern  limb  of  Saturn,  in  that 
part  of  the  ring  that  appeared  beyond  the 
globe  of  the  planet,  and  could  perceive  that 
the  globe  of  Saturn  reflects  less  light  than  the 
inner  part  of  the  ring.  It  was  not,  however, 
till  Sir  W.  Herschel  began  to  make  observa- 
tions on  this  planet  with  his  powerful  tele- 
scopes that  Saturn  was  recognized  as  being 
invested  with  two  concentric  rings.  The  fol- 
lowing cut  (Fig.  58)  exhibits  a  view  of  Saturn 
and  his  rings,  nearly  in  their  respective  pro- 
portions, as  they  v^ould  appear  were  thf^y 
placed  perpendicular  to  our  line  of  sight ;  b  \, 
on  account  of  the  oblique  angle  they  genera  t 
form  to  our  line  of  vision,  we  never  see  th«  "< 
through  the  telescope  in  this  position. 

Fig.  58. 


The  following  are  the  dimensions  of  the 
rings,  as  determined  by  the  observations  of 
Sir  W.  Herschel,  which  are  here  expressed 
in  the  nearest  round  numbers.  Outside 
diameter  of  X\\g' exterior  ring,  a  d,  204,800 

*  See  "'Philosophical  Travsactions^*^  No.  378. 
for  July,  1723;  and  Reid  and  Gray's  Abridgment? 
vol.  vi.  p.  153, 

f  '*  Philosophical  Tra.vsactions,'*  No.  378;  o? 
Abridgment,  vol.  vi.  p.  154. 
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m^les,  which  i>s  nearly  twenty-six  times  the 
diameicr  of  the  earth.  Inside  diameter  of 
mis  ring,  190,200  miles;  breadth  of  the  dark 
space  between  the  two  rings,  2839  miles, 
which  is  700  miles  more  than  the  diameter 
of  Giir  moon,  so  that  a  body  as  large  as  the 
moon  would  have  room  to  move  between  the 
rings.  Outside  diameter  of  the  interior  ring 
h,  184,400,  and  the  inside  diameter,  146,300 
miles.  Breadth  of  the  exterior  ring,  7200 
miles;  breadth  of  the  interior  20,000  miles,  or 
2^  times  the  diameter  of  the  earth ;  so  that 
the  interior  ring  is  nearly  three  times  broader 
than  the  exterior.  The  thickness  of  the  rings 
has  not  yet  been  accurately  determined.  Sir 
John  Herschel  supposes  that  it  does  not  ex- 
ceed a  hundred  miles.  "  So  very  thin  is  the 
ring,"  says  Sir  John,  "  that  it  is  quite  invisible, 
when  its  edge  is  directly  turned  to  the  earth, 
to  any  but  telescopes  of  extraordinary  power." 
On  the  19th  of  April,  1833,  "the  disappear- 
ance of  the  rings  was  complete  when  observed 
with  a  reflector  eighteen  inches  in  aperture 
and  twenty  feet  in  focal  length.*  The  breadth 
of  the  two  rings,  including  the  dark  space  be- 
tween them,  is  very  nearly  equal  to  the  dark 
space  which  intervenes  between  the  globe  of 
Saturn  and  the  inside  of  the  interior  ring.  It 
appears  to  have  been  lately  ascertained  that 
this  double  ring  is  not  exactly  circular,  but 
eccentric.  This  seems  to  have  been  first  ob- 
served by  M.  Schwalz,  of  Dessau,  in  1828. 
He  informed  M.  Harding,  of  it,  who  thought 
he  saw  the  same  thing;  M.  Harding  informed 
Professor  Schumacher,  who  applied  to  M. 
Struve  to  settle  the  question  by  means  of  the 
superb  micrometer  attached  to  his  great  tele- 
scope. M.  Struve  measured  the  distance 
between  the  ring  and  the  body  of  the  planet 
on  five  different  days,  and  ascertained  that 
Satuni's  ring  is  really  eccentric,  and,  con- 
sequently, that  the  centre  of  the  planet  does 
not  coincide  with  the  centre  of  the  ring ;  but 
that  the  centre  of  gravity  of  the  rings  oscil- 
lates round  that  of  the  body  of  Saturn, 
describing  a  very  minute  orbit.  This  is  con- 
sidered as  of  the  utmost  importance  to  the 
stability  of  the  system  of  the  rings,  in  pre- 
venting them  from  being  shifted  from  their 
equilibrium  by  any  external  force,  such  as 
the  attraction  of  the  satellites,  which  might 
endanger  their  falling  upon  the  planet.  That 
this  double  ring  really  consists  of  two  con- 
centric rings,  was  demonstrated,  says  Pro- 
fessor llobinson,  "  by  a  star  having  been  seen 
through  the  interval  between  them." 

This  double  ring  is  now  fourtd  to  have  a 

*  Sir  John  F^erschel  states  the  dimensions  of 
these  rings  on  a  somewhat  lower  scale  than  what 
])is  father  determined.  He  says  that  they  were 
calculated  from  Professor  Strnve's  mirrometrical 
measures  ;  hiir  admits  thai  some  of  the  dimensions 
be  itates  are  perhaps  too  small. 


swift  rotation  around  Saturn  in  its  3wn  plane, 
which  it  accomplishes  in  about  ten  hours  and 
a  half.  This  is  very  nearly  the  periodic  time 
which  a  satellite  would  take  in  revolving  at 
the  same  distance  from  the  centre  of  Saturn. 
This  rotation  was  detected  by  observing  that 
some  portions  of  the  ring  were  a  little  less 
bright  than  others.  Sir  W.  Herschel,  when 
examining  the  plane  of  the  ring  with  a  power- 
ful telescope,  perceived  near  the  extremity  of 
its  arms  or  ansse  several  lucid  or  protuberant 
points,  which  seemed  to  adhere  to  the  ring. 
At  first  he  imagined  them  to  be  satellites,  but 
afterv/ard  found,  upon  careful  examination, 
that  none  of  the  satellites  could  exhibit  such 
an  appearance,  and  therefore  concluded  that 
these  points  adhered  to  the  ring,  and  that  the 
variation  in  their  position  arose  from  a  rota- 
tion of  the  ring  round  its  axis  in  the  period 
above  stated.  The  circumference  of  the  ex- 
terior ring  being  643,650  miles,  every  point 
of  its  outer  surface  moves  with  a  velocity  of 
more  than  a  thousand  miles  every  minute, 
or  seventeen  miles  during-one  beat  of  the 
clock.  It  is  highly  probable  that  this  rapid 
rotation  of  the  ring  is  one  of  the  princi- 
pal causes,  under  the  arrangements  of  the 
Creator,  of  sustaining  the  ring,  and  prevent- 
ing it  from  collapsing  and  falling  down  upon 
the  planet.  This  double  ring  is  evidently  a 
solid  compact  substance,  and  not  a  mere  cloud 
or  shining  fluid  ;  for  it  casts  a  deep  shadow 
upon  different  regions  of  the  planet,  which  is 
plainly  perceived  by  good  telescopes.  Be- 
sides, were  it  not  a  sobd  arch,  its  centrifugal 
force,  caused  by  its  rapid  rotation,  would  soon 
dissipate  all  its  parts,  and  scatter  them  in  the 
surrounding  spaces.  It  is  not  yet  ascertained 
whether  both  the  rings  have  the  same  period 
of  rotation.  This  magnificent  appendage  to 
the  globe  of  Saturn  is  about  30,000  miles  dis- 
tant from  the  surface  of  the  planet,  so  that 
four  globes  nearly  as  large  as  the  earth  could 
be  interposed  between  them  ;  it  keeps  always 
the  same  position  with  respect  to  the  planet ; 
is  incessantly  moving  around  it ;  and  is  car- 
ried along  with  the  planet  in  its  revolution 
round  the  sun. 

The  surface  of  the  double  ring  does  not 
seem  to  be  exactly  plane.  One  of  the  ansEej- 
sometimes  disappears  and  presents  its  dark 
edge,  while  the  other  ansa  continues  to  ap- 
pear, and  exhibits  a  part  of  its  plane  surface. 

f  The  parts  of  the  rin?  about  the  ends  of  the 
longest  axis,  reaching  beyond  the  disk  of  the 
planet,  are  called  the  nvsce  An?a  signifies  n  hnvdle, 
which  name  was  given  when  telescopes  were  so 
imperfect  as  to  represent  Saturn  as  a  globe  wi^h 
two  small  knobs  on  each  side.  The  same  name  is 
still  continued,  though  it  is  somewhat  improper* 
now  that  the  true  shape  of  this  appendage  ifl 
known,  Still  the  general  appearance  of  Saturn  is 
somewhat  like  a  globe,  with  an  ansa  or  handle  on 
each  side. 
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On  the  9tli  of  Octolier,  1714,  the  ansae  ap- 
peared twice  as  short  as  usual,  and  the  eastern 
one  much  longer  than  the  western.  On  the 
first  of  the  same  month,  the  largest  ansa  was 
on  the  east  side ;  on  the  12th,  the  largest  ansa 
was  on  the  west  side  of  Saturn's  disk;* 
which  led  the  observers,  even  at  that  period, 
to  conclude  that  the  ring  had  a  rotation  rouad 
the  planet.  On  the  11th  of  January,  1774, 
M.  Messier  observed  both  the  ansae  completely 
detached  from  the  planet,  and  the  eastern  one 
larger  than  the  other.  In  1774,  Sir  W.  Her- 
«chel  likewise  observed  Saturn  with  a  single 
ansa.  From  these  observations,  it  has  been 
concluded  that  there  are  irregularities  on  the 
surface  of  the  ring,  analogous,  perhaps,  to 
mountains  and  vales  of  vast  extent ;  and  that 
the  occasional  disappearance  of  the  ansae  may 
possibly  arise  from  a  curvature  in  its  surface. 
Sir  W.  Herschel  was  of  opinion  that  the  edge 
of  the  exterior  ring  is  not  flat,  but  of  a  spheri- 
cal, or  rather  spheroidal  form. 

Dimensions  of  Saturn's  Rings. — It  is  diffi- 
cult for  the  mind  to  form  an  adequate  concep- 
tion of  the  magnitude,  the  mechanism,  and 
the  magnificence  of  these  wonderful  rings, 
which  form  one  of  the  most  astonishing  ob- 
jects that  the  universe  displays.  In  order  to 
appreciate,  in  some  measure,  the  immense  size 
of  these  rings,  it  may  be  proper  to  attend  to 
the  following  statements:  Suppose  a  person 
to  travel  round  the  outer  edge  of  the  exterior 
ring,  and  to  continue  his  journey  without  in- 
termission at  the  rate  of  twenty-five  miles 
every  day,  it  would  require  more  than  seventh/ 
years  before  he  could  finish  his  tour  round 
this  immense  celestial  arch.  The  interior 
boundary  of  the  inner  ring  incloses  a  space 
which  would  be  sufficient  to  contain  within  it 
three  hundred  and  forty  globes  as  large  as  the 
earth ;  and  the  outer  ring  could  inclose  within 
its  inner  circumference  five  hundred  and  se- 
venty-five globes  of  the  same  magnitude,  sup- 
posing every  portion  of  the  inclosed  area  to 
be  filled.  This  outer  ring  would  Ukewise  in- 
close a  globe  containing  2,829,580,622,048,- 
315,  or  more  than  two  thousand  eight  hundred 
billions  of  cubical  miles,  which  globe  would 
be  equal  to  more  than  ten  thousand  eight 
hundred  globes  of  the  size  of  the  earth.  In 
regard  to  the  quantity  of  surface  contained 
in  these  rings ^  the  one  side  of  the  outer  ring 
contains  an  area  of  4,529,401,800,  or  more 
than  four  thousand  five  hundred  millions  of 
square  miles.  The  one  side  of  the  inner 
ring  contains  9,895,780,818,  or  nearly  ten 
thousand  millions  of  square  miles.  The  two 
rings,  therefore,  contain  on  one  side  above 
fourteen  thousand  four  hundred  millions  of 
square  miles ;  and   as  the  other  sides  of  the 

•  Memoirs  of  the  Royal  Academy  of  Sciences 
for  1715. 
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rings  contain  the  same  extent  of  suifacc,  the 
whole  area  comprehended  in  these  rings  wil' 
amount  to  28,850,365,236,  or  more  than 
twenty-eight  thousand  eight  hundred  mil- 
lions of  square  miles.  This  quantity  of 
surface  is  equal  to  146  times  the  number 
of  square  miles  in  the  terraqueous  globe, 
and  is  more  than  588  times  the  area  of  all 
the  habitable  portions  of  the  earth.  Were 
we  to  suppose  these  rings  inhabited  (which  is 
not  at  all  improbable,)  they  could  accommodate 
a  population,  according  to  the  rate  formerly 
stated,  of  8,078,102,266,080,  or  more  than 
eight  billions,  which  is  equal  to  more  than 
ten  thousand  times  the  present  population 
of  our  globe ;  so  that  these  rings,  in  reference 
to  the  space  they  contain,  may  be  considered, 
in  one  point  of  view,  as  equal  to  ten  thousand 
worlds. 

Were  we  to  take  into  consideration  the 
thickness  of  the  rings,  we  should  find  a  very 
considerable  addition  to  the  area  above  stated. 
Supposing,  according  to  Sir  J.  Herschel's  esti* 
mate,  that  they  are  only  one  hundred  miles 
thick,  the  area  of  the  exterior  circumference 
of  the  edge  of  the  outer  ring  will  be  64,365,- 
700  miles ;  and  that  of  the  interior  edge,  59,- 
777,100.  The  exterior  edge  of  the  inner 
ring  will  contain  an  area  of  57,954,200  square 
miles,  and  the  interior  edge  45,980,000 ;  in 
all,  228,077,000  square  miles,  which  is  thirty- 
one  millions  of  square  miles  more  than  the 
whole  area  of  our  globe. 

These  rings,  therefore,  exhibit  a  striking 
idea  of  the  power  of  the  Creator,  and  of  the 
grandeur  and  magnificence  of  his  plans  and 
operations.  They  likewise  display  the  depths 
of  his  wisdom  and  intelligence  ;  foi'  they  are 
so  adjusted,  both  in  respect  to  their  position 
around  the  body  of  the  planet  and  to  the  de- 
gree of  motion  impressed  upon  them,  as  to 
prevent  both  their  falling  in  on  the  planet  and 
their  flying  off  from  it  through  the  distant  re- 
gions of  space.  We  have  already  stated  that 
the  rings  are  not  exactly  concentric  with  the 
body  of  the  planet.  Now,  it  is  demonstrable, 
from  physical  considerations,  that  were  they 
mathematically  perfect  in  their  circular  form, 
and  exactly  concentric  with  the  planet,  "  they 
would  form  a  system  in  a  state  of  unstable 
equilibrium,  which  the  slightest  external 
power,"  such  as  the  attraction  of  the  satellites, 
"might  completely  subvert,  by  precipitating 
them  unbroken  on  the  surface  of  the  planet." 
Fur  physical  laws  must  be  considered  as  ope- 
rating in  the  system  of  Saturn  as  well  as  in 
the  earth  and  moon,  and  the  other  planets* 
and  every  minute  circumstance  must  be  ad- 
justed so  as  to  correspond  with  these  laws. 
"  The  observed  oscillation,"  says  Sir  J.  Her- , 
schel,  "  of  the  centres  of  the  rings  about  that 
of  the  planet  is,  in  itself,  the  evidence  of  a 
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perpetual  contest  between  conservative  and 
destructive  powers,  both  extremely  feeble,  but 
so  antagonizing  one  another  as  to  prevent  the 
latter  from  ever  acquiring  an  uncontrollable 
ascendency  and  rushing  to  a  catastrophe." 
"  The  smallest  difference  of  velocity  between 
the  body  and  rings  must  infallibly  precipitate 
the  latter  on  the  former,  never  more  to  sepa- 
rate ;  consequently,  either  their  motions  in 
their  common  orbit  round  the  sun  must  have 
been  adjusted  to  each  other  by  an  external 
power  with  the  minutest  precision,  or  the 
rings  must  have  been  formed  about  the  planet 
while  subject  to  their  common  orbitual  mo- 
tion and  under  the  full  free  influence  of  all 
the  acting  forces."  Here,  then,  we  have  an 
evident  proof  of  the  consummate  wisdom  of 
the  almighty  Contriver  in  so  nicely  adjusting 
every  thing  in  respect  to  number,  weight,  po- 
sition, and  motion,  as  to  preserve  in  undeviat- 
ing  stability  and  permanency  this  wonderful 
system  of  Saturn ;  and  we  have  palpable  evi- 
dence that  every  thing  conducive  to  this  end 
has  been  accomplished,  from  the  fact  that  no 
sensible  deviation  has  been  observed  in  this 
system  for  more  than  220  years,  or  since  the 
ring  was  discovered;  nor,  in  all  probability, 
has  there  ever  been  any  change  or  catastrophe 
in  this  respect  since  the  planet  was  first  cre- 
ated and  launched  into  the  depths  of  space. 

Appearance  of  the  Rings  from  the  Body 
of  Saturn. — These  rings  will  appear  in  the 
firmament  of  Saturn  like  large  luminous 
arches  or  semicircles  of  light,  stretching  across 
the  heavens  from  the  eastern  to  the  western 
horizon,  occupying  the  one  fourth  or  one  fifth 
part  of  the  visible  sky.  As  they  appear  more 
brilliant  than  the  body  of  the  planet,  it  is  pro- 
bable that  they  are  composed  of  substances 
fitted  for  reflecting  the  solar  light  with  peculiar 
splendour,  and  therefore,  will  present  a  most 
magnificent  and  brilliant  aspect  in  the  firma- 
ment of  Saturn.  Their  appearance  will  be 
different  in  different  regions  of  the  planet.  At 
a  little  distance  from  the  equator  they  will  be 
seen  nearly  as  complete  semicircles,  stretching 
along  the  whole  celestial  hemisphere,  and  ap- 
pearing in  their  greatest  splendour.  In  the 
daytime  they  will  present  a  dim  appearance, 
like  a  cloud  or  like  our  moon  when  the  sun 
is  above  the  horizon.  After  sunset  their  bright- 
ness will  increase,  as  our  moon  increases  in 
brilliancy  as  the  sun  disappears,  and  the 
shadow  of  the  globe  of  Saturn  will  be  seen  on 
their  eastern  boundary  directly  opposite  to  the 
sun.  This  shadow  will  appear  to  move  gra- 
dually along  the  rings  till  midnight,  when  it 
will  be  seen  near  the  zenith,  or  the  highest 
point  of  these  celestial  arches.  After  midnight 
it  will  appear  to  decline  to  the  western  horizon, 
where  it  will  be  seen  near  the  time  of  the 
rising  oi  the  sun.  After  sunrise  the  brightness 


decays,  and  it  appears  like  a  cloudy  arch 
throughout  the  day.  The  following  circum- 
stances will  add  to  the  interest  of  this  aston- 
ishing spectacle  :  1.  The  rapid  motion  of  the 
lings,  which  will  appear  to  move  from  the 
eastern  horizon  to  the  zenith  in  two  hours  and 
a  half.  2.  The  diversity  of  surf  ace  which  the 
rings  will  exhibit ;  for  if  we  can  trace  inequa- 
lities upon  these  rings  by  the  telescope  at  tho 
distance  of  more  than  800,000,000  of  miles, 
much  more  must  the  inhabitants  of  Saturn 
perceive  all  the  variety  with  which  they  are 
adorned  when  they  are  placed  so  near  them 
as  the  one  eighth  part  of  the  distance  of  our 
moon.  Every  two  or  three  minutes,  there- 
fore, a  new  portion  of  the  scenery  of  the  rings 
will  make  its  appearance  in  the  horizon  with 
all  their  diversified  objects;  and  if  these  rings 
be  inhabited,  the  various  scenes  and  operations 
connected  with  their  population  might  be  dis- 
tinguished from  the  surface  of  Saturn  with 
such  eyes  as  ours,  aided  by  our  most  powerful 
telescopes.  3.  The  motion  of  the  shadow  of 
the  globe  of  Saturn  in  a  direction  contrary  to 
the  motion  of  the  rings,  which  shadow  will 
occupy  a  space  of  many  thousand  miles  upon 
the  rings,  will  form  another  variety  of  scenery 
in  the  firmament.  4.  If  the  two  rings  revolve 
around  the  planet  in  different  periods  of  time, 
the  appearance  in  the  celestial  vault  will  be 
still  more  diversified  ;  then  one  scene  will  be 
seen  rising  on  the  upper,  and  another  and  a 
different  scene  rising  on  the  lower  ring ;  and, 
through  the  opening  between  the  rings,  the 
stars,  the  planets,  and  one  or  two  of  the  satel- 
lites may  sometimes  appear. 

Near  the  pi4ar  regions  of  the  planet  only  a 
comparatively  small  portion  of  the  rings  will 
appear  above  the  horizon,  dividing  the  celes- 
tial hemisphere  into  two  unequal  parts,  and 
presenting  the  same  general  appearance  now 
described,  but  upon  a  smaller  scale.  Towards 
the  polar  points  the  rings  will,  in  all  prpbabi- 
Hty,  be  quite  invisible.  During  the  space  of 
fourteen  years  and  nine  months,  which  is  half 
the  year  of  this  planet,  the  sun  shines  on  the 
one  side  of  these  rings  without  intermission, 
and  during  the  same  period  he  shines  on  the 
other  side.  During  nearly  fifteen  years,  there, 
fore,  the  inhabitants  on  one  side  of  the  equatoi 
will  be  enlightened  by  the  sun  in  the  daytime 
and  the  rings  by  night,  while  those  on  the 
other  hemisphere,  who  live  under  the  dark 
side  of  the  ring,  suffer  a  solar  eclipse  of  fifteen 
years*  continuance,  during  which  they  never 
see  the  sun.  At  the  time  when  the  sun  ceases 
to  shine  on  one  side  of  the  ring  and  is  about 
to  shine  on  the  other,  the  rings  will  be  invi- 
sible for  a  few  days  or  weeks  to  all  the  inhabit- 
ants of  Saturn. 

At  first  view  we  might  be  apt  io  suppos« 
that  it  must  be  a  gloomy  situation  for  thoaa 
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who  live  under  the  shadow  of  the  rings  during 
so  long  a  period  as  fifteen  years ;  but  we  are 
not  acquainted  with  all  the  circumstances  of 
their  situation,  or  the  numerous  beneficent 
contrivances  which  may  tend  to  cheer  them 
during  this  period,  and,  therefore,  are  not  war- 
ranted to  conclude  that  such  a  situation  is 
physically  Uncomfortable.  We  know  that 
they  enjoy  the  light  of  their  moons  without 
almost  any  interruption ;  sometimes  two, 
sometimes  four,  and  sometimes  all  their  seven 
moons  are  shining  in  theii*  hemisphere  in  one 
bright  assemblage.  Besides,  during  this  period 
is  the  principal  opportunity  they  enjoy  of  con- 
templating the  starry  firmament,  and  survey- 
ing the  more  distant  regions  of  the  universe, 
in  which  they  may  enjoy  a  pleasure  equal,  if 
not  superior,  to  what  is  felt  amid  the  splendour 
of  the  solar  rays  ;  and  it  is  not  improbable  that 
multitudes  may  resort  to  these  darker  regions 
for  the  purpose  of  making  celestial  observa- 
tions ;  for  the  bright  shining  of  the  rings  dur- 
ing the  continuance  of  night  will,  in  all  pro- 
bability, prevent  the  numerous  objects  in  the 
starry  heavens  from  being  distinguished.  The 
very  circumstances,  then,  which  might,  at  first 
view,  convey  to  our  minds  images  of  gloom 
and  horror,  maybe  parts  of  a  system  inw':ich 
are  displayed  the  most  striking  evidences  of 
beneficent  contrivance  and  design.  It  must 
be  a  striking  scene  when  the  sun  is  of  a  sud- 
den altogether  intercepted,  without  any  appa- 
rent cause,  not  to  return  for  fifteen  years  ; 
and,  on  the  other  hand,  when,  at  the  end  of 
this  period,  his  light  again  bursts  all  at  once 
upon  the  astonished  beholders,  closing  up,  as 
it  were,  the  prospects  of  the  firmament,  and 
diflusing  his  splendour  on  every  surrounding 
object ;  and  both  events  may  be  attended  with 
sentiments  of  admiration  and  emotions  of  de- 
light. At  certain  times  of  the  year  of  Saturn, 
and  in  certain  latitudes  from  his  equator,  the 
sun  will  be  eclipsed  for  a  short  time,  every 
day  at  noon,  by  the  upper  part  of  the  exterior 
ring,  according  as  he  declines  more  or  less  to 
the  opposite  side ;  and  sometimes  he  will  be 
partially  eclipsed  by  the  under  side  of  the  ex- 
terior ring  and  the  upper  side  of  the  interior, 
and  sometimes  will  be  seen  moving  along  the 
interval  which  separates  these  rings. 

The  following  figures  are  intended  to  con- 
vey a  rude  idea  of  the  objects  connected  with 
the  firmament  of  Saturn. 

Fig.  59,  represents  the  appearance  of  the 
rings  at  a  fittle  distance  from  the  planet's 
equator,  where  they  will  appear  nearly  as  com- 
plete semicircles.  A  B  represents  a  portion 
f)f  the  globe  of  Saturn ;  C  D  the  shadow  of 
j?aturn,  as  it  appears  upon  the  rings  at  mid- 
night, after  which  it  will  appear  to  move  gra- 
dually to  the  west  till  sunrise,  when  it  will 
disappear  below  the  horizon.  The  sun,  partly 
:430) 


eclipsed  by  the  upper  and  lower  edge  oi  the 
rings  in  the  daytime,  is  represented  at  e,  /,  g, 
and  A.  The  other  objects  are  some  of  the  sa- 
tellites in  different  phases,  and  the  fixed  stars^ 
of  which  few  will  probably  be  seen,  some  of 
them  within  and  some  of  them  beyond  the 
Fig.  .59. 


Fig.  60. 
rings.  Fig.  60,  represents  the  rings  as  they 
will  appear  firom  places  near  the  polar  regions 
of  the  planet,  from  which  situations  they  will 
appear  as  only  small  segments  of  circles  near 
the  horizon.  The  nearer  the  pole,  the  smaller 
the  circles  will  appear. 

From  the  above  description,  it  appears  that 
there  is  a  great  variety  in  the  scenery  pre- 
sented in  the  firmament  of  Saturn ;  and  this 
scenery  is  different  as  viewed  from  different 
regions  of  the  planet.  From  the  regions  near 
the  equator  the  rings  will  appear  to  the 
greatest  advantage  and  in  all  their  splendour. 
From  these  positions  the  various  objects  con- 
nected with  the  rings  will  be  most  distinctly 
observed,  as  the  spectators  will  be  at  the 
nearest  distance  from  the  inner  ring,  which  is 
about  thirty  thousand  miles.  At  the  latitude 
of  45°  they  will  be  twenty  thousand  miles 
further  from  them ;  they  will  appear  at  a 
much  lower  elevation  above  the  horizon,  a 
smaller  portion  of  their  curve  will  be  seen, 
and  their  breadth  will  occupy  a  less  space  in 
the  heavens.  At  a  higher  latitude  a  still 
smaller  portion  will  be  seen,  till  they  dwin?:)!s 
to  a  small  curve  or  speck  of  light  in  the  h-ri- 
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zon ;  and  at  the  poles  they  will  be  quite  invi- 
sible by  the  interposition  of  the  equatorial  parts 
of  the  planet.  Immediately  under  the  equator 
the  light  of  the  rings  will  be  scarcely  visible, 
but  the  sun  will  occasionaily  illuminate  the 
under  edge  of  the  interior  ring,  at/,  e,  D,  and 
other  places ;  which,  at  night,  will  appear  like 
a  narrow  luminous  arch  stretching  directly 
across  the  zenith  from  the  eastern  to  the  west- 
ern horizon,  and  diversified  with  the  motion 
of  the  shadow  of  Saturn.  Besides  the  different 
appearances  of  the  starry  regions,  the  various 
aspects  of  the  moons,  some  of  them  rising, 
setting,  and  culminating,*  some  of  them  ap- 
pearing as  crescents,  half  moons,  and  full  en- 
lightened hemispheres,  some  entering  into  an 
eclipse,  and  some  emerging  from  it,  and  all  of 
them  appearing  to  move  with  a  rapid  velocity 
around  the  sky,  will  greatly  add  to  the  variety 
and  diversity  of  scenery  which  appears  in  the 
firmament  of  this  planet.  This  diversity  of 
aspect,  which  the  scenery  of  nature  presents 
from  different  regions  of  the  planet,  will,  in 
all  probability,  have  a  tendency  to  promote 
frequent  intercourses  among  the  different  tribes 
of  its  inhabitants,  in  order  to  contemplate  the 
different  scenes  of  nature  and  providence  dis- 
played throughout  this  spacious  and  magnifi- 
cent globe.  All  these  circumstances,  properly 
considered,  form  of  themselves  a  presumptive 
argument  to  prove  that  the  sublime  and  ex- 
quisite contrivances  connected  with  this  planet 
were  not  intended  merely  to  illuminate  barren 
sands  and  hideous  desarts,  but  to  afford  a  com- 
fortable and  magnificent  habitation  for  thou- 
sands of  milhons  of  rational  inhabitants,  who 
employ  their  faculties  in  the  contemplation  of 
the  wonders  which  surround  them,  and  give 
to  their  Creator  the  glory  which  is  due  to  his 
name. 

It  has  often  been  asked  as  a  mysterious 
question,  "  What  is  the  use  of  the  rings  with 
which  Saturn  is  environed?"  This  is  a 
question  which  I  conceive  there  is  no  great 
difficulty  \x\.  answering.  The  following  con- 
siderations vvill  go  a  great  way  in  determin- 
ing this  question  :  1.  They  are  intended  to 
produce  all  the  varieties  of  celestial  and  ter- 
restial  scenery  which  I  have  described  above, 
and  doubtless  other  varieties  with  which  we 
are  unacquainted  ;  and  this  circumstance  of 
itself,  although  we  could  devise  no  other  rea- 
son, might  be  sufficient  to  warrant  the  Creator 
to  deviate  from  his  general  arrangements  in 
respect  to  the  other  planets.  For  variety  is 
one  characteristic  of  his  plans  and  operations, 
both  in  respect  to  the  objects  on  our  globe  and 
lo  those  which  exist  throughout  the  planetary 
system,  and  it  is  accordant  with  those  desires 

*  A  heavenly  body  is  said  to  culminate  when  it 
comes  to  the  meridian,  or  the  highest  point  of  its 
diurnal  course. 


for  novelty  and  variety  which  Are  implanted 
in  the  minds  of  intelligent  beings.  2.  They 
are  intended  to  give  a  display  of  the  grandeui 
of  the  Divine  Being,  and  of  the  effects  of  hia 
omnipotence.  They  are  also  intended  to 
evince  his  inscrutable  wisdom  and  intelligencfl 
in  the  nice  adjustment  of  their  motions  and 
positions,  so  as  to  secure  their  stability  and 
permanency  in  their  revolutions,  along  with  the 
planet,  around  the  sun.  3.  They  are  doubtless 
intended  to  teach  us  what  varied  scenes  of  sub- 
limity and  beauty  the  Deity  has  introduced  or 
may  yet  introduce  into  various  regions  through- 
out the  universe.  We  are  acquainted  with  only 
a  few  particulars  respectiong  one  planetary 
system ;  but  we  have  every  reason  to  conclude 
that  many  millions  of  similar  or  analogous 
systems  exist  throughout  the  unlimited  regions 
of  space.  In  some  of  those  systems  the  ar- 
rangements connected  with  the  worlds  which 
compose  them  may  be  as  different  from  those 
of  our  globe  and  some  of  the  other  pla- 
nets, as  the  arrangements  and  apparatus  con- 
nected with  Saturn  are  different  from  those 
of  the  planet  Vesta  or  Mars.  Around  some  of 
these  worlds  there  may  be  thrown  not  only  two 
concentric  rings,  but  rings  standing  at  right 
angles  to  each  other,  and  inclosing  and  re- 
volving round  each  other ;  yea,  for  aught  we 
know,  there  may  be  an  indefinite  number  of 
rings  around  some  worlds,  and  variously  in- 
clined to  each  other,  so  that  the  planet  may 
appear  like  a  terrestial  globe  suspended  in  the 
middle  of  an  armillary  sphere  ;  and  all  those 
rings  may  be  revolving  within  and  around 
each  other  in  various  directions  and  in  differ- 
ent periods  of  time,  so  as  to  produce  a  variety 
and  sublimity  of  aspect  of  which  we  can 
form  no  adequate  conception.  There  is  no- 
thing irrational  or  extravagant  in  these  suppo- 
sitions ;  for,  had  we  never  discovered  the  rings 
oi  Saturn,  we  could  have  formed  no  concep- 
tion of  such  an  appendage  being  thrown 
around  any  world,  and  it  would  have  been 
considered  in  the  highest  degree  improbable 
and  romantic  had  any  one  broached  the  idea. 
We  are  therefore  led  to  conclude,  from  the 
characteristic  oi  variety  impressed  on  the  uni- 
verse, that  Saturn  is  not  the  only  planet  in 
creation  that  is  surrounded  with  such  an  appa- 
ratus, and  that  the  number  and  position  of  its 
rings  are  not  the  only  models  according  to 
which  the  planetary  arrangements  in  other 
systems  may  be  constructed. 

4.  Besides  the  considerations  now  stated, 
the  chief  use,  I  presume,  for  which  these  rings 
were  created  was,  that  they  might  serve  as  a 
spacious  abode  for  myriads  of  inteUigent 
creatures.  If  we  admit  that  the  globe  of  Sa- 
turn was  formed  for  the  reception  of  rational 
inhabitants,  there  appears  no  reason  why  we 
should  not  also  admit  that  the  rings  were  con- 
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structed  chiefljr  for  the-  same  purpose.  These  the  system  of  Saturn,  were  it  not  that  I  do 
rings,  as  we  have  already  seen,  contain  a  sur-  not  wish  to  exhaust  the  patience  of  the  reader 
face  of  about  thirty  thousand  niilUons  of  by  dwelling  too  long  on  one  subject.  The 
square  miles ;  and,  if  all  the  other  planets  be  circumstance  of  two  concentric  rings  being 
inhabited,  it  is  not  likely  that  the  Creator  thrown  around  a  planet,  however  simple  it 
would  leave  a  space  equal  to  nearly  600  times  may  at  first  sight  appear,  involves  in  it  an  ira- 
tho  habitable  parts  of  our  globe  as  a  desolate  mense  variety  of  peculiar  and  striking  pheno- 
waste,  without  any  tribes  of  either  sensitive  or  mena,  in  regard  both  to  the  inhabitants  of  the 
intelligent  existence.  It  forms  no  objection  planet  and  of  the  rings,  so  that  it  is  difficult  for 
to  this  idea  that  the  rings  are  flat,  and  not  the  mind  to  form  a  precise  and  definite  con- 
globular  like  the  planets;  for  the  Creator  can  ception  of  every  particular.  To  acquire  even 
arrange  any  figure  of  a  world  into  a  suitable  a  general  view  of  such  phenomena,  it  would 
abode  for  intelligent  beings ;  and  on  our  globe  be  requisite  to  construct  a  pretty  large  ma- 
w/8  find  myriads  of  animated  beings  fitted  for  chine,  representing  the  system  of  Saturn,  in 
every  mode  of  existence,  and  in  situations  all  its  known  motions  and  proportions,  and  to 
where  we  should  scarcely  ever  have  expected  make  it  revolve  around  a  central  light.  An 
to  see  them.  Besides,  three  or  four  centuries  instrument  of  this  kind  is  as  necessary  for 
have  scarcely  elapsed  since  the  earth  was  ge-  illustrating  the  subject  on  which  we  have 
neraWy  considered  as  biplane  indefinitely  ex-  been  descanting,  as  an  orrery  or  planetarium 
tended ;  and  the  idea  o^  its  being  a  globe,  to  illustrate  the  seasons  and  the  planetary- 
inhabited  on  all  sides,  was  scouted  as  untena-    motions. 

ble,  and  considered  far  more  ridiculous  than  it  Telescopic  Views  of  Saturn  and  its  Bings, 
can  be  now  to  suppose  the  flat  rings  of  Saturn  — As  these  rings  present  a  variety  of  aspects 
as  serving  the  purpose  of  a  habitable  world,  as  seen  from  diflerent  parts  of  the  planet,  so 
What  should  hinder  them  from  serving  this  they  appear  to  assume  a  different  appearance 
purpose  as  well  as  the  globe  of  Saturn  1  They  at  different  times  when  viewed  through  our 
are  solid  arches,  which  is  evident  from  their  telescopes.  Sometimes  the  planet  appears  to 
shadows  and  their  rapid  motion  ;  they  contain  be  completely  divested  of  its  rings ;  sometimes 
an  ample  space  for  an  immense  population ;  they  appear  only  like  a  short  luminous  fine  or 
they  have  the  power  of  attraction,  like  other  streak  on  each  side  of  its  body;  sometimes  they 
material  substances  connected  with  the  solar  appear  like  handles  on  each  side  of  the  planet  ° 
system;  they  are  capable  of  being  adorned  and  at  other  times  like  a  large  ellipse  or  oval  al 
with  as  great  a  diversity  of  surface,  and  as  most  surrounding  the  body  of  the  planet.  These 
great  a  variety  of  beautiful  and  sublime  ob-  varied  aspects  of  the  rings  are  owing  to  the 
jects,  as  this  earth  or  any  other  of  the  planetary  following  circumstances.  The  rings  never 
bodies;  and  it  can  make  no  great  difference  in  stand  at  right  angles  to  our  line  of  vision; 
the  enjoyments  of  sentient  and  intellectual  otherwise  we  should  see  them  as  represented 
beings  whether  they  live  on  a  globe,  a  spheroid,  in  Fig.  58,  (p.  84.)  Our  eye  is  never  ele- 
a  cylinder,  or  a  plane  surface,  which  the  hand  vated  more  than  thirty  degrees  above  the  plane 
of  Wisdom  and  Omnipotence  has  prepared  of  the  rings.  The  plane  of  these  rings  pre* 
for  their  reception  ;  whije  it  displays,  at  the  serves  a  position  parallel  to  itself  in.  every  part 
same  time,  the  variety  of  modes  in  which  the  of  the  planet's  revolution,  being  constantly  in-  . 
Universal  Parent  can  convey  happiness  to  his  clined  at  the  same,  or  nearly  the  same  angle 
numerous  offspring.  It  may,  perhaps,  be  ob-  to  the  orbit  and  to  the  ecliptic,  which  angle  is 
jected  to  the  idea  of  the  habitability  of  these  about  twenty-nine  or  thirty  degrees.  The 
rings,  that,  while  one  side  is  enlightened  dur-    nodes  of  the  rings  lie  in   190°  and  350°  of 


mg  fifteen  years  without  intermission,  the 
other  side  remains  in  the  dark  during  the 
same  period.  But  the  same  thing  happens  to 
extensive  regions  on  the  globe  of  Saturn  ;  and, 
doubtless,  arrangements  are  made  for  the  en- 


longitude,  which  correspond  to  the  twentieth 
degree  of  Virgo  and  the  twentieth  of  Pisces. 
When,  therefore,  the  planet  is  in  these  points, 
the  rings  entirely  disappear,  because  the  thin 
edge  of  the  outer  ring  only  is  turned  towards 


joyment  of  the  inhabitants  in  both  cases  during  our  eye,  and  every  trace  of  it  is  lost  for  some 

this  period.     They  enjoy  in   succession,  and  time,  except  the  shadow  of  it,  which  appears 

sometimes  all  at  once,  the  light  reflected  from  like  a  dark  belt  across  the  planet.     This  disap- 

at  least  seven  moons,  and  they  behold  occa-  pearance   happens   once  every  fifteen  years, 

sionally  the  body  of  Saturn  reflecting  the  solar  but  frequently  with  different   circumstances, 

rays  from  certain  parts  of  its  surface,  and  ap-  Two  disappearances  and  two  reappearances 

pearing  like  a  vast  luminous  crescent,  in  dif-  may  occur  in  the  same  year,  but  never  raorCo 

ferent  degrees  of  lustre,  suspended  in  the  sky.  When  Saturn  is  in  the  longitude  above  stated, 

(See  p.  88.)  the  plane  of  the  rings  passes  through  the  sun, 

Many  other  views  and  descriptions  might  and,  the  light  then  falling  upon  it  edgewise Jt 

be  given  of  the  phenomena  connected  with  is  to  us  no  longer  visible.     The  rings  likewise 
(432) 
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di§apf<jar  when  their  plane  passes  through 
the  earth  ;  for  its  edge  being  then  directed  to 
the  ey?.,  and  being  too  fine  to  be  seen,  the 
planet  appears  quite  round  and  unaccompanied 
with  its  rings.  When  the  earth  is  placed  on 
the  side  of  the  rings  which  is  turned  from  the 
sun,  we  have  a  third  cause  of  its  disappear- 
ance. As  the  planet  passes  from  the  ascend- 
ing to  the  descending  node  of  the  rings,  the 
northern  side  of  their  plane  is  turned  towards 
the  sun.  As  it  passes  from  the  descending  to 
the  ascending  node,  the  southern-  side  of  the 
rings  is  enlightened.  In  proportion  as  it  re- 
cedes from  these  nodes,  the  rings  appear  to 
widen  and  to  present  a  broader  ellipsis,  till  it 
arrives  at  90^  from  either  node,  or  in  80°  or 
260°  of  longitude,  corresponding  to  20°  of 
Gemini  and  20°  of  Scorpio;  at  which  time  the 
rings  v/ill  be  seen  to  the  greatest  advantage, 
and  appear  almost  surrounding  the  globe  of 
Saturn.  At  the  time  of  the  greatest  opening 
of  the  rings,  their  shorter  diameter  appears 
exactly  one  half  of  the  longer  diameter. 

The  following  figures  represent  the  differ- 
ent appearances  of  the  rings,  during  half  the 
period  of  the  revolution  of  Saturn,  as  seen 
through  good  telescopes.     Fig.  60  shows  the 


1832,  when  nothing  was  perceptible  except 
the  dark  shade  across  its  disk,  as  represented 
in  the  figure.  The  first  time  the  weather  per- 
mitted observations  on  Saturn  about  this  pe- 
riod was  December  27,  when  I  perceived  the 
ring,  with  a  power  of  180",  appearing  like  a 
fine  thread  of  light  on  each  side  of  the  planet, 
as  represented  Fig.  61.  About  the  beginning 
of  October  the  plane  of  the  ring  passed 
through  the  centre  of  the  sun.  At  that  time 
the  inhabitants  of  Saturn,  who  had  pieviously 
been  in  darkness,  would  perceive  the  margin 
of  the  sun  projecting  over  the  edge  of  the 
ring  like  a  brilUant  streak  of  light,  ami,  in  the 
course  of  about  four  of  our  days,  or  nine  days 
of  Saturn,  the  whole  body  of  the  sun  would 
appear  above  the  plane  of  the  ring,  gradually 
rising  a  little  higher  every  day,  as  he  does 
after  the  21st  March  to  the  north  pole  of 
the  earth.  The  ring  began  to  appear  a  little 
larger  during  the  months  of  January,  Febru- 
ary, and  March,  1833  ;  but  in  April  it  again 
disappeared,  as  the  earth  was  then  in  the  plane 
of  the  ring,  and  it  continued  invisible  till  near 
the  end  of  .June.  After  which  it  again  ap- 
peared, as  represented  in  Fig.  Gl,  and  will 
now  continue  visible  till  the  year  1847,  when 
it  will  again  disappear.  In  about  a  year  after 
its  second  disappearance,  it  appeared  as  in 
Fig.  62.  In  about  a  year  and  a  half  after- 
ward the  opening  between  the  rings  appeared 
wider,  as  in  Fig.  63  ;  and  in  1837  it  appeared 
as  in  Fig.  64.  In  Fig.  6.5  the  rings  are  re- 
presented at  the  utmost  extent  in  which  they 
are  ever  seen,  along  with  the  dark  space  that 
separates  the  two  rings,  which  can  only  be 
distinguished  by  a  telescope  magnifying  from 
220  to  300  times.  In  this  position  it  will  be 
seen  in  1840  ;  after  which  it  will  pass  through 
fill  the  gradations  here  represented,  appear- 
ing narrower  every  year  till  1847,  when  it 
will  be  seen  as  in  Fig.  61  ;  soon  after  which 
it  will  entirely  disappear,  and  the  planet  will 
be  seen  as  if  divested  of  its  ring,  as  represented 
in  Fig.  60.  Such  are  the  various  aspects  undei 
which  Saturn  and  its  rings  appear,  as  viewed 
through  powerful  telescopes. 

IX.    Olf  THE  PLA:S'ET  URAIS'FS. 

•  Since  the  time  of  Newton,  when  the  physi- 
cal causes  of  the  celestial  motions  began  to 
be  studied  and  investigated,  astronomers  have 
had  their  attention  directed  to  the  power  or 
influence  which  the  planetary  bodies  exert 
upon  each  other.  This  power  is  termed  at- 
traction or  gravitation,  and  is  inherent  in  all 
material  substances,  so  far  as  our  knowledge 
appearance  of  Saturn  when  the  plane  of  the  extends.  It  is  exerted  in  proportion  to  the 
ring  is  parallel  to  the  line  of  vision,  and  its  quantity  of  matter  and  the  distances  of  the 
thin  edge  turned  to  the  eye.  In  this  manner  respective  bodies ;  the  planets,  in  their  nearest 
the  planet  appeared  during  the  months  of  approach  to  each  other,  causing  some  slight 
October,  November,  and  part  of  December,  deviations  in  their  orbits  and  motions.  Some 
bo  2  0  (433i, 
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disturbances  or  inequalities  in  the  motions  of 
Jupiter  a^d  Saturn,  which  could  not  be  ac- 
counted for  from  the  mutual  action  of  these 
planets,  led  certain  astronomers  to  conclude 
that  and  .her  planet  of  considerable  magnitude 
existed  beyond  the  orbit  of  Saturn,  by  the 
action  of  which  these  irregularities  were  pro- 
duced. It  was  not,  however,  till  near  the 
close  of  the  eighteenth  century  that  this  happy 
conjecture  was  realized  and  confirmed.  To 
the  late  Sir  W.  Herschel  astronomy  is  in- 
debted for  discovering  a  new  primary  planet, 
which  had  been  previously  unknown  to  all 
astronomers. 

This  illustrious  astronomer,  when  residing 
ail  Bath,  had  constructed  reflecting  telescopes 
of  a  larger  size  and  with  higher  powers  than 
any  that  had  been  previously  in  use,  and  had 
devoted  his  unwearied  attention  to  celestial 
observations.  While  pursuing  a  design  which 
he  had  formed,  of  making  minute  observations 
on  every  region  of  the  heavens,  on  the  13th 
of  Mai'ch,  1781,  while  examining,  with  one 
of  his  best  telescopes,  the  constellation  of 
Gemini,  he  observed  a  star  near  the  foot  of 
Castor,  the  light  of  which  appeared  to  differ 
considerably  from  that  of  the  neighbouring 
stars,  or  those  which  he  found  described  in 
catalogues.  On  applying  a  higher  magnify- 
ing power  it  appeared  evidently  to  increase  in 
diameter;  and  two  days  afterward  he  per- 
ceived that  its  place  was  changed,  and  that  it 
had  moved  a  little  from  its  former  position. 
From  these  circumstances  he  concluded  that 
it  was  a  comet,  and  sent  an  account  of  it  as 
such  to  the  astronomer  royal.  As  a  comet, 
however,  it  seemed  particularly  singular  that 
no  tail  or  nebulous  appearance  could  be  per- 
ceived; on  the  contrary,  it  was  found  to  show 
with  a  faint  steady  light,  somewhat  paler  than 
that  of  Jupiter.  The  account  of  this  disco- 
very soon  spread  throughout  Europe,  and  was 
confirmed  by  observations  made  at  Paris, 
Vienna,  Milan,  Pisa,  Berlin,  and  Stockholm. 
The  star  was  for  some  time  generally  consi- 
dered as  an  extraordinary  comet,  free  of  all 
nebulosity,  and  astronomers  were  occupied 
in  determining  the  parabolic  elements  of  its 
course.  "  The  President  Bochard  de  Saron, 
of  the  Academy  of  Sciences  of  Paris,  and 
Lexel,  an  astronomer  of  St.  Petersburg,  who 
was  in  London  at  the  time,  were  the  first  who 
discovered  its  circular  form,  and  calculated  the 
dimensions  of  its  orbit.  It  was  no  longer 
doubted  that  Herschel's  star  was  a  new  planet  5 
and  all  subsequent  observations  verified  this 
unexpected  result."*  We  have  here  a  strik- 
ing proof  of  the  perfection  of  modern  theories ; 
for  the   laws   regulating  the  motion  of  this 

♦  Biographical  Memoir  of  Sir  W.  Herschel,  by 
Baron  Fourier.    Read  to  the  Royal  Academy  of 
^iences,  June  7,  1824. 
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new  planet  were  determined  before  it  had  se= 
complished  the  twentieth  part  of  its  coufjse, 
and  that  motion  was  not  less  accurately  known 
than  that  of  other  planets  which  had  been  ob» 
served  during  so  many  centuries.  Since  its 
discovery  to  the  present  time,  it  has  not  yet 
moved  much  more  than  two-thirds  of  a  revo- 
lution round  the  sun  ;  and  yet  its  motions  are 
calculated,  and  its  place  in  the  heavens  pre- 
dicted, with  as  much  accuracy  and  certainty 
as  those  of  the  other  planets,  a  circumstance 
which  demonstrates  the  precision  of  modern 
astronomers,  and  which  should  lead  the  unskil- 
ful in  astronomy  to  rely  on  the  deductions  of 
this  science,  however  far  they  may  transcend 
their  previous  conceptions. 

When  the  motion  of  this  new  planet  was 
calculated,  the  points  of  the  heavens  which  it 
successively  occupied  during  the  preceding 
century  could  be  pointed  out ;  and  it  occurred 
to  some  astronomers  that  it  might  possibly 
have  been  observed  before,  though  not  known 
to  be  a  planet.  Mr.  Bode,  of  Berlin,  who 
had  just  published  a  work  containing  all  the 
catalogues  of  zodiacal  stars  which  had  ap- 
peared, was  induced  to  consult  these  cata- 
logues in  order  to  discover  whether  any  star 
marked  by  one  astronomer,  and  omitted  by 
another,  might  not  be  the  new  planet  in  ques- 
tion. In  the  course  of  this  inquiry  he  found 
that  the  star  No.  964  in  Mayer's  catalogue 
had  been  unobserved  by  others^  and  observed 
only  once  by  Mayer  himself,  so  that  no  mo- 
tion could  have  been  perceived  by  him.  On 
this  Mr.  Bode  immediately  directed  his  tele- 
scope to  that  part  of  the  heavens  where  he 
might  expect  to  find  it,  but  without  success. 
At  the  same  time  he  found,  by  calculation, 
that  its  apparent  place  in  the  year  1756  ought 
to  have  been  that  of  Mayer^s  star,  and  this 
was  one  of  the  years  in  which  he  was  busied 
in  his  observations ;  and,  on  further  inquiry, 
it  was  found  that  the  star  964  had  been  dis- 
covered by  Mayer  on  the  15th  of  Septembefj 
1756  ;  so  that  it  is  now  believed  that  this  star 
was  the  new  planet  of  Herschel.  It  appears 
hkewise  that  this  star  was  seen  several  times 
by  Flamstead,  the  astronomer  royal,  in  the 
year  1690;  once  by  Bradley;  and  eleven 
times  by  Lemonnier  ;  all  of  whom  considered 
it  as  one  of  the  fixed  stars,  but  never  sus- 
pected that  it  was  a  planetary  body.  The 
discovery  of  this  planet  enlarges  our  views  of 
the  extent  of  the  solar  system,  and  of  the 
quantity  of  matter  it  contains,  far  more  than 
if  planets  equal  to  Mercury,  Venus,  the  Earthy 
the  Moon,  Mars,  Vesta,  Juno,  Ceres,  and  Pal- 
las, were  to  be  added  to  that  system;  for,  al- 
though it  is  scarcely  distinguishable  by  the 
naked  eye  on  the  vault  of  heaven,  it  is  more 
than  twenty  times  larger  than  all  these  bodies 
taken  together. 
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Afler  this  b^dy  was  ascertained  to  belong 
to  the  planetary  system,  it  became  a  subject 
of  consideration  by  what  name  it  should  be 
distinguished.  The  old  planets  were  distin- 
guished by  names  borrowed  from  the  heathen 
deities,  a  nomenclature  which,  perhaps,  it 
might  now  be  expedient  to  change ;  but  Gali- 
leo and  Cassini  gave  to  the  celestial  bodies 
they  discovered  the  names  of  the  princes  who 
had  patronized  their  labours.  Hence  Galileo, 
when  he  had  discovered  the  satellites  of  Ju- 
piter, sent  his  drawings  of  them  to  his  patron, 
Cosmo  Medici,  Great  Duke  of  Tuscany,  in 
honour  of  whom  he  called  them  Medicean 
stars;  and  Cassini  named  the  satellites  of 
Saturn  which  he  discovered  after  Louis  XIV, 
In  imitation  of  these  discoveries,  Sir  W.  Her- 
fichel  named  his  newly-discovered  planet  Geor- 
gium  Sidus,  in  honour  of  his  patron  George 
the  Third.  But  foreign  astronomers,  for  a 
considerable  time,  gave  it  the  name  of  jffer« 
schei,  in  honour  of  the  discoverer;  but  after- 
wards hesitated  between  the  names  Cybele, 
Neptune,  and  fJraniw.  This  last  name,  de- 
rived from  one  of  the  Nine  Muses  who  pre- 
sided over  astronomy,  ultimately  prevailed, 
and  will  probably  distinguish  this  planet  in 
future  generations,  unless  the  present  nomen- 
clature of  the  planets  be  abolished. 

Distance  and  Period  of  Uranus. — Uranus 
Is  the  most  distant  planet  of  the  solar  system, 
so  far  as  our  knowledge  yet  extends  ;  although 
it  is  by  no  means  improbable  that  planets  may 
exist  even  beyond  its  orbit,  distant  as  it  is ; 
for  comets  pass  far  beyond  the  limits  of  this 
planet,  and  again  return  to  the  vicinity  of  the 
sun.  Its  distance  from  the  sun,  in  round 
numbers,  is  1,800,000,000 ;  that  is,  eighteen 
hundred  millions  of  miles,  which  is  double 
the  distance  of  the  planet  Saturn.  When 
nearest  the  earth,  it  is  distant  from  us  about 
1,705,000,000  of  miles.  In  order  to  acquire 
a  rude  conception  of  this  distance,  let  us  sup- 
pose a  steam-carriage  to  set  out  from  the 
earth,  and  to  move,  without  intermission, 
twenty  miles  every  hour,  it  would  require 
more  than  nine  thousand,  seven  hundred  and 
thirty  years  before  it  could  reach  the  planet 
Uranus;  so  that,  although  the  journey  had 
been  commenced  at  the  creation  of  our  globe, 
it  would  still  require  more  than  three  thousand 
seven  hundred  years  to  arrive  at  its  termina- 
tion. Even  a  cannon  ball,  flying  at  the  rate 
of  twelve  thousand  miles  every  day,  would 
require  three  hundred  and  eighty-nine  years 
to  reach  the  nearest  point  of  the  orbit  of  this 
planet.  Yet  the  comet  which  appeared  in 
1835,  in  all  probability,  pursues  its  course  far 
beyond  the  orbit  of  Uranus,  and  will,  doubt- 
less, visit  this  part  of  our  system  again,  as  it 
has  done  before,  within  the  space  of  seventy- 
■ix  years,  although  it  must  move  more  ^  than 


double  the  above  distance  before  it  returns. 
The  circumference  of  the  orbit  in  which 
Uranus  revolves  about  the  sun  is  11,314,000,« 
000  of  miles,  through  which  it  moves  in  80,- 
686  mean  solar  days,  or  about  eighty-foi.ur 
years.  It  is  the  slowest  moving  planet  in  the 
system,  and  yet  it  pursues  its  course  at  tlie  , 
rate  of  15,000  miles  every  hour.  Were  a 
steam-carriage  to  move  round  the  immense 
orbit  of  this  planet  at  the  rate  above  stated, 
it  would  require  no  less  than  sixty-four  thou- 
sand, live  hundred  and  seventy  years  before 
this  ample  circuit  could  be  completed ;  and 
yet  a  globe  eighty  times  larger  than  the  earth 
finishes  this  vast  tour  in  eighty-four  years 
This  planet  doubtless  revolves  round  its  axis 
as  the  other  planets  do,  but  the  period  of  its 
rotation  is  as  yet  unknown.  Its  great  dis- 
tance from  the  earth  prevents  us  from  observ- 
ing any  spots  or  changes  on  its  surface  by 
which  its  rotation  might  be  determined.  La 
Place  concludes,  from  physical  considerations, 
that  it  revolves  about  an  axis  very  little  in- 
cliiied  to  the  ecliptic ;  and  that  the  time  of  its 
diurnal  rotation  cannot  be  much  less  than 
that  of  Jupiter  or  Saturn. 

Magnitade  and  Dimensions  of  Uranus,-— 
This  planet  is  about  35,000  miles  in  diameter; 
and  110,000  miles  in  circumference,  being 
about  eighty-one  times  larger  than  the  earth, 
and  four  thousand  times  larger  than  the  moon. 
Its  surface  contains  3,848,460,000  of  square 
miles,  which  is  nineteen  times  the  area  of  our 
globe,  and  seventy-eight  times  the  area  of  all 
the  habitable  portions  of  the  earth.  At  the 
rate  of  population  formerly  stated,  280  to  a 
square  mile,  it  could,  therefore,  accommodate 
1,077,568,800,000,  or  more  than  one  billion 
of  inhabitants,  which  is  one  thousand  three 
hundred  and  forty-seven  times  the  population 
of  our  globe.  So  that  this  planet,  which 
escaped  the  notice  of  astronomers  for  more 
than  five  thousand  years,  forms  a  very  consi- 
derable portion  of  the  solar  system  and  of  the 
scene  of  the  Divine  government. 

Proportion  of  Light  on  Uranus, — As  this 
planet  is  nineteen  times  further  from  the  sun 
than  the  earth  is,  and  as  the  square  of  19  is 
361,  the  intensity  of  light  on  its  surface  will 
be  three  hundred  and  sixty  times  /es5  than 
what  we  enjoy.  Yet  this  quantity  of  light  is 
equal  to  what  we  should  have  from  the  com- 
bined eflfulgence  of  three  hundred  and  forty- 
eight  full  moons  ;  and,  with  a  slight  modifica- 
tion of  our  visual  organs,  such  a  proportion 
of  ligjht  would  be  quite  sufficient  for  all  the 
purposes  of  vision.  Though  the  light  of  the 
sun  flies  eighteen  hundred  millions  of  miles 
before  it  reaches  this  planet,  and  returns  again 
by  reflection  nearly  the  same  distance  before 
it  reaches  the  earth,  yet  it  is  distinctly  visible 
through  our  telescopes,  and  sometimes  even  to 
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the  naked  eye ;  and  Uranus,  with  a  moderate 
magnifying  power,  appears  about  as  bright  as 
Saturn.  How  small  a  quantity  of  solar  light 
may  suffice  for  the  purpose  of  vision  will  be 
obvious  by  attending  to  the  following  circum- 
stance :  In  the  late  solar  eclipse  which  hap- 
pened on  the  15th  of  May,  1836,  little  more 
than  the  one  twelfth  part  of  the  sun  was  visi- 
ble at  those  places  where  the  eclipse  was  an- 
nular. Almost  every  person  imagined  that  a 
dismal  gloom  and  darkness  would  ensue,  yet 
the  diminution  of  light  appeared  no  greater 
than  what  frequently  happens  in  a  cloudy 
day.  At  the  time  of  the  greatest  obscuration 
there  was  more  than  half  the  hght  which  falls 
upon  Uranus,  and  all  the  objects  of  the  sur- 
rounding landscape,  though  somewhat  defi- 
cient in  brilliancy,  were  distinctly  perceived. 
There  can  be  no  doubt  that  the  organs  of 
vision  of  the  inhabitants  of  the  different  planets, 
being  formed  by  Divine  wisdom,  are  exactly 
adapted  to  the  objects  amid  which  they  are 
placed,  and  the  quantity  of  light  reflected  from 
them  ;  and  there  may  be  innumerable  modes, 
unknown  to  us,  by  which  this  end  may  be 
effected.  We  can  easily  conceive,  that  if  the 
pupils  of  our  eyes  were  rendered  capable  of 
a  greater  degree  of  expansion  than  they  now 
possess,  or  were  the  retina,  on  which  the 
images  of  objects  are  depicted,  endowed  with 
a  greater  degree  of  nervous  sensibility,  so  as 
to  be  more  easily  affected  by  the  impulses  of 
light,  we  might  perceive  as  much  splendour  on 
all  the  objects  connected  with  Uranus,  were 
we  placed  on  that  planet,  as  Vv^e  now  do  on 
the  scenery  around  us  during  the  brightest 
days  of  summer.  When  we  pass  from  the 
light  of  the  sun  into  a  darksome  apartment, 
on  our  first  entrance  we  can  scarcely  dis- 
tinguish any  objects  with  distinctness  ;  but 
after  remaining  five  or  six  minutes,  till  the 
pupil  has  time  to  expand,  every  object  around 
us  is  readily  perceived ;  and,  from  the  same 
cause,  nocturnal  animals  can  pursue  their 
course  with  ease  and  certainty  amid  the 
deepest  shades  of  night ;  so  that  the  inhabit- 
ants of  the  most  distant  planet  of  our  system, 
although  it  were  removed  from  the  sun  to 
double  the  distance  of  Uranus,  might  perceive 
objects  with  all  the  distinctness  requisite  for 
the  purposes  of  vision ;  and  if  the  pupils  of 
the  e\3s  of  such  beings  be  much  more  expan- 
sive than  ours  (as  is  probably  the  case,)  it 
is  highly  probable  they  will  be  enabled  to 
penetrate  much  further  into  the  celestial 
regions,  and  to  perceive  the  objects  in  the 
firmament  with  much  greater  distinctness  and 
"  space-penetrating  power"  than  we  can  do, 
even  with  the  aid  of  instruments.  It  is  like- 
wise probable  that  the  objects  on  the  surface 
of  the  more  distant  planets  of  our  system  are 
fitted  to  reliect  the  rays  of  light  with  peculiar 
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brilliancy.  Hence  we  find  that  the  light  of 
Uranus,  though  descending  upon  us  from  a 
region  900  millions  of  miles  further  than  Ji>a 
turn,  appears  as  vivid  as  the  light  which  i§ 
reflected  to  us  from  that  planet.  The  apparent 
diameter  of  the  sun,  as  seen  from  Uranus,  ig 
only  1  minute,  38  seconds  ;  whereas  his  mean 
apparent  diameter  as  seen  from  the  earth  is  33 
minutes,  3  seconds ;  consequently  this  orb,  as 
viewed  from  this  planet,  will  appear  very  httle 
larger  than  Venus  appears  to  us  in  her  greatest 
brilliancy,  or  Jupiter  when  near  his  oppositiouo 
The  following  figure  represents  to  the  eye  the 
apparent  size  of  the  sun  as  seen  from  Uranus 
and  from  the  earth,  the  small  circle  represent- 
ing his  size  as  seen  from  Uranus. 
Fig.  66. 


Temperature  of  Uranus. — If  heat  followed 
the  same  law  as  the  propagation  of  light,  and 
decreased  as  the  square  of  the  distance  of  the 
planet  from  the  sun  increased,  then  the  sur- 
face of  the  planet  Uranus  would  be  a  cold 
region  indeed,  in  which  no  life  or  animation, 
such  as  we  see  around  us,  could  exist.  Baron 
Fourier,  in  his  "  Memoir  of  Herschel,"  says, 
"  Its  temperature  is  more  than  forty  degrees 
below  that  of  ice ;"  and  if  the  degrees  of 
Reaumur's  thermometer  be  meant,  this  tem- 
perature will  correspond  to  one  hundred  and 
twenty-two  degrees  below  the  freezing  point 
of  Fahrenheit ;  a  cold  enough  region,  truly. 
In  accordance  with  such  representations,  the 
poets  of  the  last  century  expatiated  on  the 
cold  temperature  of  Saturn  in  such  strains  as 
the  following : 

"  When  the  keen  north  with  all  its  fury  blows, 
Congeals  the  floods,  and  forms  the  fleecy  snows, 
'Tis  heat  intense  to  vv^hat  can  there  be  known  ; 
Warmer  our  poles  than  is  its  burning  zone. 
Who  there  inhabit  must  have  other  powers, 
.iMices,  and  veins,  and  sense,  and  life,  than  otirs. 
One  moment's  cold,  like  theirs,  would  pierce  the 

bone, 
Freeze  the  heart's  blood,  and  turn   us  all  to 

stone.'*  Baker's  Universe. 

This,  it  must  be  admitted,  is  a  very  cold 
poetic  strain,  almost  sufliicient  to  make  one 
shiver,  and  to  freeze  our  very  thoughts  ;  and 
if  such  a  description  wero  applicable  to  Sa- 
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Cwrn,  it  is  much  more  so  to  the  planet  Uranus, 
at  double  the  distance.  But  I  presume  it  is 
more  in  accordance  with  poetic  license  than 
with  the  deductions  of  sound  philosophy. 
We  have  no  valid  reason  to  conclude  that  the 
degree  of  heat  on  the  surfaces  of  the  different 
planets  is  inversely  proportional  to  the  squares 
of  their  respective  distances  from  the  sun. 
The  sun  is  to  be  considered  chiefly  as  the 
great  storehouse  of  light,  and  it  may  likewise 
be  viewed  as  the  great  agent  in  the  production 
of  heat,  without  supposing  it  to  be  an  enor- 
mous mass  of  fire,  which  the  common  opinion 
seems  to  take  for  granted.  Its  rays  produce 
heat  chiefly  by  exciting  an  insensible  action 
between  calvric  and  the  particles  of  matter 
contained  in  bodies ;  and  caloric  appears  to  be 
a  substance  universally  diffused  throughout 
nature.  If  the  degree  of  heat  were  in  pro- 
portion to  the  distance  from  the  sun,  why 
should  the  upper  regions  of  the  atmosphere 
be  so  intensely  cold  1  Whv  should  the  tops 
of  lofty  mountains  be  crowned  with  perpetual 
snows,  while  the  plains  below  are  scorched 
with  heat]  Why  should  an  intense  cold  be 
felt  in  the  latitude  of  40°,  when  a  comparative 
mildness  is  experienced  in  the  latitude  of  56°] 
In  the  state  of  Connecticut,  North  America, 
in.  January,  1835,  the  thermometer  ranged 
from  minus  25°  to  27°  of  Fahrenheit ;  while 
in  Scotland,  duriiH^.-the  same  period,  it  was 
seldom  so  low  as  the  freezing  point.  But  as 
I  have  already  thrown  out  some  remarks  on 
this  subject  when  describing  the  planet  Mer> 
cury,  I  need  not  enlarge  (see  page  34.)  In 
order  to  form  correct  ideas  of  the  distribution 
of  heat  among  the  planetary  bodies,  we  have 
only  to  suppose  that  the  Creator  has  propor- 
tioned the  quantity  of  caloric  (or  that  which 
produces  sensible  heat)  to  the  distance  at 
which  every  planet  is  placed  from  the  sun,  so 
that  a  large  quantity  exists  in  Saturn  and  a 
smaller  quantity  in  Mercury.  If,  therefore, 
the  quantity  of  caloric  connected  with  Uranus 
be  in  proportion  to  its  distance  from  the  sun, 
there  may  be  as  much  warmth  experienced  in 
that  distant  region  of  the  solar  system  as  in 
the  mildest  parts  of  our  temperate  zones.  So 
that  we  are  under  no  necessity  of  associating 
the  frigid  and  gloomy  ideas  of  the  poet  with 
our  contemplations  of  this  expansive  globe. 
At  all  events,  we  may  rest  assured  that  the 
Creator,  whose  wisdom  is  infinite  in  its  re- 
sources, and  whose  "  tender  mercies  are  over 
all  his  works,"  has  adapted  the  structure  and 
constitution  of  the  inhabitants  of  every  planet 
to  the  nature  and  circumstances  of  the  habita- 
tion provided  for  them,  so  as  to  render  every 
portion  of  his  dominions  a  comfortable  abode 
for  his  intelligent  offspring ;  provided  they  do 
not  frustrate  his  benevolent  designs  (as  has 
|j««n  done  in  our  world)  by  their  rebellion  and 


immoral  conduct.  For  in  no  region  of  tho 
universe,  whatever  may  be  its  physical  ar- 
rangements, can  true  happiness  be  enjoyed, 
unless  love  to  God  and  love  to  all  surrounding 
intelligences  form  the  grand  principles  of 
action,  and  be  uniformly  displayed  in  every 
intercourse  and  association,  and  amid  all  the 
ramifications  of  moral  conduct.  On  this  basis 
chiefly  rests  the  happiness  of  the  inieiligent 
universe ;  and,  wherever  principles  directly 
opposite  to  these  prevail  among  any  order  of 
intellectual  beings,  whatever  may  be  the  struc- 
ture or  scenery  of  their  habitation,  misery  and 
moral  disorder  must  be  the  inevitable  conse- 
quence. 

The  following  additional  particulars  may  be 
stated  in  relation  to  this  planet:  Its  density 
is  reckoned  to  be  nearly  equal  to  that  of  water, 
A  body  weighing  one  pound  on  the  earth's 
surface  would  weigh  only  fourteen  ounces, 
fourteen  drachms,  if  removed  to  Uranus.  The 
eccentricity  of  its  orbit  is  85,000,000  of  miles, 
which  is  about  the  1-42  part  of  its  diameter. 
Its  mean  apparent  diameter,  as  seen  from  the 
earth,  is  about  four  seconds.  The  inclination 
of  its  orhit  to  the  echptic  is  forty-six  minutes, 
twenty-six  seconds,  so  that  it  is  never  much 
more  than  three-fourths  of  a  degree  from  the 
ecliptic.  This  inclination  is  less  than  that  of 
any  of  the  other  planetary  orbits.  Six  satel- 
lites are  supposed  to  be  connected  with  Uranus, 
but  their  periods  and  other  phenomena  have 
not  yet  been  accurately  ascertained. 


In  the  preceding  pages  I  have  given  a  brief 
sketch  of  the  principal  phenomena  connected 
with  the  primary  planets  of  our  system. 
Whether  any  other  planets  besides  those 
specified  belong  to  this  system  is  at  present 
unknown.  We  have  no  reason  to  believe 
that  the  boundaries  of  the  planetary  system 
are  circumscribed  within  the  range  of  our  dis- 
coveries or  the  limits  of  our  vision.  Within 
the  space  of  little  more  than  half  a  century, 
the  limits  of  this  system  have  been  expanded 
to  our  view  to  double  the  extent  which  they 
were  formerly  supposed  to  comprehend.  In- 
stead of  an  area  of  only  25,400,000,000  of 
square  miles,  it  is  now  found  to  comprise  an 
extent  of  101,700,000,000  of  square  miles, 
which  is  four  times  the  dimensions  ftrmerly 
assigned  to  it.  There  would  be  no  impro- 
bability in  conceiving  it  extended  to  at  least 
triple  these  dimensions.  Within  the  space 
of  twenty-six  years,  from  1781  to  1807,  no 
fewer  than  five  primary  planets  and  eight 
secondaries  were  discovered,  besides  a  far 
greater  number  of  comets  than  had  ever  be- 
fore been  detected  withhi  a  similar  lapse  of 
years;  and  therefore  it  would  be  obviously 
2  o  .2  (437) 
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rash  and  premature  to  conclude  that  we  have 
now  discovered  all  the  moving  bodies  of  our 
system.  Far  beyond  the  limits  of  even  Uranus 
other  planets  yet  unknown  may  be  performing 
their  more  ample  circuits  around  the  sun ;  for 
we  know,  from  the  case  of  comets,  that  even 
throughout  those  distant  regions  his  attractive 
power  and  influence  extend.  In  the  immense 
interval  of  900,000,000  of  miles  between  the 
orbils  of  Saturn  and  Uranus,  one,  if  not  two 
planets  may  possibly  exist,  though  they  have 
hitherto  eluded  the  observation  of  astronomers. 
In  order  to  detect  such  bodies,  if  any  exist,  it 
would  be  requisite  to  survey,  more  minutely 
than  has  yet  been  done,  a  zone  of  the  heavens 
extending  at  least  twenty  degrees  on  each 
side  of  the  ecHptic,  marking  exactly  the 
minutest  objects  in  every  part  of  it  which  the 
most  powerful  telescopes  can  enable  us  to 
descry.  After  which  a  second  survey  should 
be  made  to  ascertain  if  any  of  the  bodies 
formerly  observed  be  found  amissing  or  have 
shifted  their  position.  It  might  likewise  be 
expedient  to  compare  with  new  observations 
the  stars  marked  in  all  the  celestial  atlases 
that  have  hitherto  been  published,  and  to  note 
particularly  those  which  are  wanting  where 
they  were  formerly  marked,  and  those  that 
have  appeared  in  certain  places  where  they 
were  formerly  unobserved.  If  a  taste  for 
celestial  investigations  were  more  common 
among  mankind,  and  were  the  number  of 
observers  indefinitely  increased,  there  would 
be  no  great  difficulty  in  accomplishing  such 
an  object;  for  certain  small  portions  of  the 
heavens  might  be  allotted  to  different  classes  of 
observers,  who  might  proceed  simultaneously 
in  their  researches,  and  in  a  comparatively 
short  period  the  whole  survey  might  be  com- 
pleted. 

It  is  not  improbable  that  a  planet  may  exist 
within  the  space  of  37  millions  of  miles  which 
intervenes  between  the  orbit  of  Mercury  and 
the  sun.  But  such  a  body  could  never  be 
detected  in  the  evening  after  sunset,  as  its 
greatest  elongation  from  the  sun  could  not 
be  supposed  to  be  more  than  ten  or  twelve 
degrees,  and,  consequently,  it  would  descend 
below  the  horizon  in  about  half  an  hour  after 
sunset,  and  before  twilight  had  disappeared. 
The  only  chance  of  detecting  such  a  planet 
would  be  when  it  happened  to  transit  the 
sun's  disk  ;  but  as  this  would  happen  only  at 
distant  intervals,  and  as  it  might  make  the 
transit  in  cloudy  weather,  or  when  the  sun  is 
absent  from  our  hemisphere,  there  is  little 
prospect  of  our  discovering  such  a  body  in 
this  way.  It  might  be  of  some  importance, 
however,  that  those  who  make  frequent  ob- 
servations on  the  sun  should  direct  their  atten- 
tion to  this  circumstance ;  as  there  have  been 
some  instances  in  which  dark  bodies  have 
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been  observed  to  move  across  the  sun's  disk 
in  the  space  of  five  or  six  hours,  when  no 
other  spots  were  visible.  An  opaque  body  of 
this  description  was  seen  by  Mr.  Lloft  and 
others  on  the  6th  of  January,  1818,  which 
moved  with  greater  rapidity  across  the  solar 
disk  than  Venus  in  her  transit  in  1769.  It  is 
possible  that  a  planet  within  the  orbit  of 
Mercury  might  be  detected  in  the  daytime, 
were  powerful  telescopes  applied  to  a  space 
of  the  heavens  about  ten  or  twelve  degrees 
around  the  sun.  Small  stars  have  been  seen 
even  at  noonday  with  powerful  instruments, 
and,  consequently,  a  planet  even  smaller  than 
Mercury  might  be  perceived  in  the  daytime. 
In  this  case,  a  round  opaque  body  would  re- 
quire to  be  placed  at  a  considerable  distance 
from  the  observer,  so  as  completely  to  inter- 
cept the  body  of  the  sun,  and  about  a  degree 
of  the  heavens  all  around  him;  and  every 
portion  of  the  surrounding  space,  extending 
to  at  least  twelve  degrees  in  every  direction, 
should  then  be  carefully  and  frequently  ex- 
amined. Such  observations,  if  persevered  in, 
would  undoubtedly  afford  a  chance  of  detect- 
ing any  revolving  body  that  might  exist  within 
such  a  limit.  But  I  may  afterward  have  an 
opportunity  of  describing  more  particularly 
the  observations,  and  the  mode  of  conducting 
them,  to  which  I  allude. 

X.  THE  s'^N. 

Having  taken  a  cursory  survey  of  the  most 
prominent  particulars  connected  with  the 
primary  planets,  I  shall  now  proceed  to  a 
brief  description  of  the  sun,  that  magnificent 
luminary  on  which  they  all  depend,  from 
which  they  derive  light,  and  heat,  and  vivify- 
ing influence,  and  by  whose  attractive  energy 
they  are  directed  in  their  motions  and  retained 
in  their  orbits.  Before  proceeding  to  a  de- 
scription of  the  particular  phenomena  con- 
nected with  the  sun,  it  may  be  expedient 
briefly  to  describe  some  of  his  apparent  mo- 
tions. 

Apparent  Motions  of  the  Sun.— The  most 
obvious  apparent  motion  of  the  sun,  which  is 
known  to  every  one,  is,  that  he  appears  ti 
rise  in  the  morning  in  an  easterly  direction 
to  traverse  a  certain  portion  of  the  sky,  nM 
then  to  disappear  in  the  evening  in  a  direction 
towards  the  west.  Were  we  to  commence 
our  observations  on  the  21st  of  December,  in 
the  latitude  of  52°  north,  which  nearly  corre- 
sponds to  that  of  London,  we  should  see  the 
sun  rising  near  the  southeast  point  of  the 
horizon,  as  at  S  E,  Fig.  67,  describing  a  com- 
paratively small  curve  above  the  horizon,  from 
iS  E  to  S  W,  in  the  southern  quarter  of  the 
heavens,  and  setting  at  S  W,  near  the  south- 
west. At  this  season  the  sun  remains  only 
between   seven   and   eight   hours   above  the 
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horizon ;  and  when  he  arrives  at  S,  at  midday, 
■^'iiich  is  the  highest  point  of  his  elevation,  he 
is  only  about  fourteen  degrees  above  the  hori- 

Fig.  67. 


zon,  whicn  may  be  represented  by  the  line  S 
B,  After  disappearing  in  our  hon'iziDn  in  the 
evening,  he  describes  the  large  curve  from  S 
Wto  W,  N,  and  E,  till  he  again  arrives  in 
the  morning  near  the  point  S  E.  All  this 
curve  is  described  belovj  our  horizon,  and, 
therefore,  the  nights  at  this  season  are  much 
longer  than  the  days.  After  this  period  the 
Bun  rises  every  day  at  points  a  little  further  to 
the  north,  between  ^S  E  and  E,  and  sets  in 
corresponding  points  in  the  west,  between  S 
Wand  W,  till  the  21st  of  March,  when  he 
rises  at  the  point  E^  due  east,  and  sets  due 
west  at  the  point  W,  At  this  time  he  moves 
through  the  semicircle  E,  S,  W,  and  at  noon 
he  rises  to  the  elevation  of  thirty-eight  degrees 
above  the  southern  horizon,  which  may  be 
represented  by  the  Une  S  C.  This  is  the 
period  of  the  vernal  equinox,  when  there  is 
equal  day  and  night  throughout  every  part 
of  the  earth,  the  sun  being  twelve  hours  above 
and  twelve  hours  below  the  horizon.  After 
this  period  the  sun  rises  to  the  north  of  the 
easterly  point,  and  sets  to  the  north  of  the 
westerly,  and  the  length  of  the  day  rapidly 
advances  till  the  21st  of  June,  when  he  rises 
near  the  north-east  point,  N  E,  and  sets  near 
the  north-west  point,  N  W,  describing  the 
large  curve  from  N  E  to  E  S  W,  and  "n  W. 
This  period  of  the  year  is  called  the  summer 
solsHce,  when  the  days  are  longest,  at  which 
time  the  sun  rises  at  noon  to  an  elevation  of 
61 1  degrees  above  the  horizon,  which  may  be 
represented  by  (he  line  -S  D,  and  he  continues 
above  the  horizon  for  nearly  seventeen  hours. 
The  length  of  the  nights  at  this  time  is  exactly 
the  same  as  tlie  length  of  the  days  on  the  21st 
of  December  The  sun's  nocturnal  arch,  or 
Hie  curve  he   iescribes  below  the  horizon,  is 


that  which  is  represented  in  the  lower  part 
of  the  figure  from  N  W  to  N  E.  In  more 
southern  latitudes  than  fifty-two  degrees,  the 
sun  rises  to  a  higher  elevation  at  noon ;  and 
ill  higher  latitudes  his  meridian  altitude  is 
less  than  what  is  stated  above.  From  the 
time  of  the  summer  solstice  the  days  gradually 
shorten ;  the  sun  rises  in  a  more  southerly 
direction  till  the  23d  of  September,  which  is 
called  the  autumnal  equinox,  when  he  again 
rises  in  the  eastern  point  of  the  compass,  and 
every  succeeding  day  at  a  point  still  further  to 
the  south,  till,  on  the  21st  of  December,  or  the 
winter  soktice,  he  is  again  seen  to  rise  neat 
the  south-east,  and  afterward  to  pass  through 
all  the  apparent  variations  of  motion  above 
described. 

Were  we  residing  in  southern  latitudes, 
such  as  those  of  Buenos  Ay  res,  the  Cape  of 
Good  Hope,  or  Van  Diemen's  Land,  the  ap- 
parent motions  of  the  sun  would  be  somewhat 
different.  Instead  of  beholding  the  sun 
moving  along  the  southern  part  of  the  sky 
from  the  left  hand  to  the  right,  we  should  see 
him  direct  his  course  along  the  northern  part 
of  the  heavens  from  the  right  hand  to  the 
left.  In  other  respects  his  apparent  motions 
would  nearly  correspond  to  those  above  de- 
scribed. M^'ere  we  placed  in  countries  under 
the  equator  at  the  time  of  the  equinoxes,  the 
ST-.n  at  midday  would  shine  directly  from  the 
Z'3nith,  at  which  time  objects  would  have  no 
shadows.  At  all  other  times  the  sun  is  either 
in  the  northern  or  the  southern  quarter  of  the 
heavens.  During  the  one  half  of  the  year  he 
shines  from  the  north,  and  the  shadows  of 
objects  fall  to  the  south;  during  the  other 
half  he  shines  from  the  south,  and  the  shadows 
of  all  objects  are  projected  towards  the  north. 
This  is  a  circumstance  which  can  never 
occur  in  our  chmate  or  in  any  part  of  the 
temperate  zones.  At  the  equator,  too,  the 
days  and  nights  are  of  the  same  length,  twelve 
hours  each,  throughout  the  whole  year.  Were 
we  placed  at  the  poles,  the  motion  of  the  sun 
would  present  a  different  aspect  from  any  of 
those  we  have  described.  At  the  north  pole, 
on  the  21st  of  March,  we  should  see  a  por- 
tion of  the  sun's  disk  appear  in  the  horizon 
after  a  long  night  of  six  months.  This  por- 
tion of  the  sun  would  appear  to  move  quite 
round  the  horizon  every  twenty-four  hours ; 
it  would  gradually  rise  higher  and  higher  till 
the  whole  body  of  the  sun  made  its  appear- 
ance. As  the  season  advanced,  the  sun  would 
appear  to  rise  higher  and  higher  till  he  attained 
the  altitude  of  23^  degrees  above  the  horizon, 
which  would  take  place  on  the  21st  <jf  June; 
after  which  his  altitude  would  gradually  de- 
cline till  the  23d  of  September,  when  he 
would  again  appear  in  the  horizon.  During 
the  whole  of  this  period  oi  six  months  there 
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is  perpetual  day,  Jie  stars  are  never  seen,  and 
the  sun  appears  to  go  quite  round  the  heavens 
every  twenty-four  hours  without  setting,  in 
circles  nearly  parallel  to  the  horizon.  After 
the  23d  of  September  tlie  sun  disappears,  and 
a  night  of  six  months  succeeds,  which  is  oc- 
casionally enlivened  by  the  moon,  the  stars, 
and  tlie  corruscations  of  the  aurora  horealis, 
during  which  period  the  south  pole  enjoys 
all  the  splendour  of  an  uninterrupted  day. 
In  all  places  within  the  polar  circles,  the  length 
of  the  longest  day  varies  from  twenty-four 
hours  to  six  months.  In  the  northern  parts 
of  Lapland,  for  example,  the  longest  day  is 
about  six  weeks ;  during  this  time  the  sun 
appears  to  move  round  the  heavens  without 
setting ;  but  at  noon,  when  he  comes  to  the 
meridian,  he  is  about  40  degrees  above  the 
southern  horizon,  and  twelve  hours  afterward 
he  appears  elevated  about  six  degrees  above  the 
northern  horizon,  from  which  point  he  again 
ascends  till  he  arrives  at  the  southern  meridian. 
Such  are  the  apparent  diur7ial  motions  and 
general  aspects  of  the  sun  in  different  parts 
of  the  earth,  which  are  owing  partly  to  the 
inclination  of  the  axis  of  the  earth  to  the  plane 
of  the  ecliptic,  and  partly  to  the  different  po- 
sitions in  which  a  spectator  is  placed  in  dif- 
ferent zones  of  the  globe.  It  is  ahnost 
needless  to  remark,  that  these  motions  of  the 
sun  are  not  real,  but  only  apparent.  While 
presenting  all  these  varieties  of  motion,  he  is 
still  a  quiescent  body  in  the  centre  of  the  pla- 
netary system.  By  the  rotation  of  the  earth 
round  its  axis,  from  west  to  east,  every  twenty- 
four  hours,  all  these  apparent  motions  of  the 
sun  are  produced.  This  we  have  already  eU" 
deavoured  to  prove  in  chap.  i.  p.  17-19. 
.  Besides  the  apparent  diurnal  motion  now 
described,  there  is  another  apparent  motion 
of  the  sun  in  a  contrary  direction,  which  is 
not  so  much  observed,  and  that  is,  his  appa- 
rent motion  from  west  to  east  through  the 
whole  circle  of  the  heavens,  which  he  accom- 
plishes in  the  course  of  a  year.  This  motion 
manifests  itself  by  the  appearance  of  the 
heavens  during  the  night.  The  stars  which 
lie  near  the  path  of  the  sun,  and  which  set  a 
little  time  after  him,  are  soon  lost  in  his  light, 
and  after  a  short  time  reappear  in  the  east  a 
little  before  his  rising.  This  proves  that  the 
sun  advances  towards  them  in  a  direction  con- 
trary to  his  diurnal  motion ;  and  hence  we  be- 
hold a  different  set  of  stars  in  our  nocturnal 
sky  in  summer  and  in  winter.  This  apparent 
revolution  of  the  sun  is  produced  by  the 
annual  motion  of  the  earth  round  the  sun, 
of  which  I  have  already  given  an  explana- 
tion (chap.  i.  p.  19,)  along  with  certain  de- 
monstrative proofs  that  the  sun  is  the  centre 
of  the  planetary  system,  (see  also  chap.  ii.  p. 
26^31.) 
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Distance  and  Magnitude  of  the  Sun, — To 
find  the  exact  distance  of  the  sun  from  the 
earth  is  an  object  which  has  much  interested 
and  engaged  astronomers  for  a  century  past. 
The  angle  of  parallax  being  so  small  as  about 
eight  and  a  half  seconds,  rendered  it  for  some 
time  difficult  to  arrive  at  an  accurate  determina- 
tion on  this  point,  till  the  transits  of  Venus  in 
1761  and  1769.  From  the  calculations 
founded  upon  the  observations  made  on  these 
transits,  it  has  been  deduced  that  the  distance 
of  the  sun  is  about  95,000,000  of  miles.  This 
distance  is- considered  by  La  Place  and  other 
astronomers  to  be  within  the  1-87  part  of  the 
true  distance,  so  that  it  cannot  be  much  below 
94  milHons  on  the  one  hand,  nor  much  above 
96  millions  on  the  other.  Small  as  this  inter- 
val may  appear  when  compared  with  the  vast 
distances  of  some  of  the  other  celestial  bodies, 
it  is,  in  reality,  a  most  amazing  distance  when 
compared  with  the  spaces  which  intervene  be- 
tween terrestial  objects  ;  a  distance  which  the 
mind  cannot  appreciate  without  a  laborious 
effort.  It  is  thirty-one  thousand  six  hundred 
times  the  space  which  intervenes  between 
Britain  and  America  ;  and  were  a  carriage  to 
move  along  this  apace  at  the  rate  of  480 
miles  every  day,  it  would  require  542  years 
before  the  journey  could  be  accomplished. 

The  magnitude  of  this  vast  luminary  is  an 
object  which  overpowers  the  imagination.  Its 
diameter  is  880,000  miles ;  its  circumference, 
2,764,600  miles ;  its  surface  contains  2,432, 
800,000,000  of  square  miles,  which  is  twelve 
thousand  three  hundred  and  fifty-times  the 
area  of  the  terraqueous  globe,  and  nearly  fifty 
thousand  times  the  extent  of  all  the  habitable 
parts  of  the  earth.  Its  solid  contents  com- 
prehend 356,818,739,200,000,000,*  or  more 
than  three  hundred  and  fifty-six  thousand 
billions  of  cubical  miles.  Were  its  centre 
placed  over  the  earth,  it  would  fdl  the  whole 
orbit  of  the  moon,  and  reach  200,000  miles 
beyond  it  on  every  hand.  Were  a  person  to 
travel  along  the  surface  of  the  sun,  so  as  to 
pass  along  every  square  mile  on  its  surface, 
at  the  rate  of  thirty  miles  every  day,  it  would 
require  more  than  two  hundred  and  twenty 
millions  of  years  before  the  survey  of  this 
vast  globe  could  be  completed.  It  would  con- 
tain within  its  circumference  more  than 
thirteen  hundred  thousand  globes  as  large  as 
the  earth,  and  a  thousand  globes  of  the  size 
of  Jupiter,  which  is  the  largest  planet  of  the 
system.  It  is  more  than  five  hundred  times 
larger  than  all  the  planets,  satellites,  and  comets 
belonging  to  our  system,  vast  and  extensive 
as  some  of  them  are.     Although  its  density  is 

*  In  some  editions  of  the  "  Christian  Philoso- 
pher," under  the  article  .Bstronomii.  this  number  is 
inaccurately  stated;  and  the  number  which  foIlowR, 
two  thousand  millions^  should  be  tioo  hundred  mih 
linns. 
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)5ttle  more  than  that  of  water,  it  would  weigh 
3360  planets  such  as  Saturn,  1067  planets 
such  as  Jupiter,  329,000  globes  such  as  the 
earth,  and  more  than  two  millions  of  globes 
such  as  ]\Iercury,  although  its  density  is  nearly 
e<jual  to  that  of  lead.  Were  we  to  conceive 
of  its  surface  being  peopled  with  inhabitants 
at  the  rate  formerly  stated,  it  would  contain 
681,184,000,000,000,  or  more  than  six  hun- 
dred and  eighty  billions,  which  would  be  equal 
to  the  inhabitants  of  eigJit  hundred  and  fifty 
thousand  worlds  such  as  ours. 

Of  a  globe  so  vast  in  its  dimerisions,  the 
human  mind,  with  all  its  efforts,  can  form  no 
adequate  conception.  If  it  is  impossible  for 
the  mind  to  take  in  the  whole  range  of  the 
terraqueous  globe,  and  to  form  a  comprehen- 
sive idea  of  its  amplitude  and  its  innumerable 
objects,  how  can  we  ever  form  a  conception, 
approaching  to  the  reality,  of  a  body  one  mil- 
lion three  hundred  thousand  times  greater  1 
We  may  express  its  dimensions  in  figures  or 
in  words,  but  in  the  present  state  of  our  limit- 
ed powers  we  can  form  no  mental  image  or 
representation  of  an  object  so  stupendous  and 
sublime.  Gliained  down  to  our  terrestrial 
mansion,  we  are  deprived  of  a  sufficient  range 
of  prospect,  so  as  to  form  a  substratum  to  our 
thoughts,  when  we  attempt  to  form  concep- 
tions of  such  amazing  magnitudes.  The  ima- 
gination is  overpowered  and  bewildered  in  its 
boldest  efforts,  and  drops  its  wings  before  it 
has  reaUzed  the  ten  thousandth  part  of  the 
idea  which  it  attempted  to  grasp.  It  is  not 
improbable  that  the  largest  ideas  we  have  yet 
acquired  or  can  represent  to  our  minds  of  the 
immensity  of  the  universe  are  inferior  to  a 
full  and  comprehensive  idea  of  the  vast  globe 
of  the  sun  in  all  its  connexions  and  dimen* 
sions ;  and,  therefore,  not  only  must  the 
powers  of  the  human  mind  be  invigorated  and 
expanded,  but  also  the  limits  of  our  intellec- 
tual and  corporeal  vision  must  be  indefinitely 
extended,  before  we  can  grasp  the  objects  of 
overpowering  grandeur  which  exist  within 
the  range  of  creation,  and  take  an  enlightened 
and  comprehensive  view  of  the  great  Creator's 
empire.  And  as  such  endowments  cannot  be 
attained  in  the  present  state,  this  very  circum- 
stance forms  a  presumptive  argument  that 
man  is  destined  to  an  immortal  existence, 
where  his  faculties  will  be  enlarged  and  the 
boundaries  of  his  vision  extended,  so  as  to  en- 
able him  to  take  a  large  and  comprehensive 
view  of  the  wonders  of  the  universe,  and  the 
range  of  the  Divine  government.  In  the  mean 
tims,  however,  it  may  be  useful  to  allow  our 
thoughts  to  expatiate  on  such  objects,  and  to 
endeavour  to  form  as  comprehensive  an  idea  as 
possible  of  such  a  stupendous  luminary  as  the 
sun,  in  order  to  assist  us  in  forming  concep- 
tions of  objects  still  more  grand  and  magnifi- 
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cent ;  for  the  sun  which  enlightens  our  day  is 
but  one  out  of  countless  millions  of  similar 
globes  dispersed  throughout  creation,  some  of 
which  may  far  excel  it  in  magnitude  and  glory. 
Rotation  of  the  8un. — This  luminary, 
although  it  is  placed  in  the  centre  of  the  sys- 
tem, in  the  enjoyment  of  perpetual  day,  and 
stands  in  no  need  of  light  from  any  other  orb, 
yet  is  found  to  have  a  rotation  round  its  axis. 
This  circumstance  seems  to  indicate  that  mo- 
tion is  essential  to  all  the  bodies  of  the 
universe,  whether  revolving  in  orbits  around 
another  body,  or  acting  as  the  centres  of  light 
and  attractive  influence.  And  from  what  we 
know  of  the  more  distant  bodies  in  the 
heavens,  we  have  reason  to  beheve  that  there 
is  none  of  them  in  a  state  of  absolute  qui- 
escence, but  that  they  are  all  in  incessant  mo- 
tion, either  round  their  axes  or  around  a 
distant  centre.  The  rotation  of  the  sun  Ivas 
discovered  by  the  motion  of  certain  dark  spots 
across  its  disk.  These  spots  appear  to  enter 
the  disk  on  the  east  side,  to  move  from  thence 
with  a  velocity  continually  increasing  till  tiiey 
arrive  at  the  middle  of  the  disk ;  they  then 
move  slower  and  slower  till  they  go  off  at  the 
sun's  western  limb  ;  after  which  they  disap- 
pear for  about  the  same  space  of  time  they 
occupied  in  crossing  the  disk,  and  then  enter 
again  on  the  eastern  limb  and  move  onward  in 
the  same  track  as  before,  unless  they  suffer  a 
change,  as  frequently  happens,  after  they  disap- 
pear from  the  western  limb.  The  apparent  wze- 
quality  in  the  motion  of  the  spots  is  purely 
optical,  and  is  owing  to  the  oblique  view  we 
have  of  the  parts  of  a  globe  which  are  near  the 
margin  ;  but  the  motion  is  such  as  demonstrates 
that  the  spots  are  carried  round  with  a  uniform 
and  equable  motion.  From  the  motion  of  these 
spots  we  learn,  1.  That  the  sun  is  a  globe,  and 
not  a  flat  surface ;  2.  Thatithas  a  rotation  round 
its  own  axis ;  and,  3.  That  this  rotation  is  per- 
formed in  the  same  direction  as  the  rotation 
of  the  planets  and  their  annual  revolutions, 
namely,  according  to  the  order  of  the  signs  of 
the  zodiac.  The  time  which  a  spot  takes  in 
moving  fi-om  the  eastern  to  the  western  limb  is 
thirteen  days  and  nearly  sixteen  hours,  and, 
consequently,  the  whole  apparent  revolution 
is  twenty-seven  days  and  nearly  eight  hours. 
But  this  is  not  the  true  period  of  the  sun's 
rotation  ;  for  as  the  earth  has,  during  this  time, 
advanced  in  its  orbit  from  east  to  west,  and  in 
some  measure  followed  the  motion  of  the  spot, 
the  real  time  in  which  the  spots  perform  their 
revolutions  is  found,  by  calculation,*  to  be 
twenty-five  days,  ten  hours.  Every  part  of 
the  sun's  equator,  therefore,  moves  at  the  rate 
of  4532  miles  every  hour.  The  axis  of  the  sun, 
*  The  following  is  the  proportion  by  which  the  true 
rotation  is  found  :  3t)5rf  bh.  487/i.  -}-  27rf.  Ik.  37w<,;  or, 
S92^i.  l.U.  25w.:  365rf,  5/t,  48m. :  :  27r/.  7/a.  ^Im.i  2'jd. 
9h.  56m.=  the  true  time  of  the  sun's  rotation. 
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round  which  this  revolution  is  performed,  is 
inclined  7  degrees  20  minutes  to  the  ecliptic. 
The  Solar  Spots,  and  the  Physical  Con- 
struction of  the  Sun. — Although  the  sun  is 
the  fountain  of  light,  and  is  incessantly  pour- 
ing a  flood  of  radiance  over  surrounding 
worlds,  yet  the  nature  of  this  vast  luminary, 
and  the  operations  which  are  going  on  upon 
its  surface  and  adjacent  regions,  are  in  a  great 
measure  involved  in  darkness.  Before  stating 
any  opinions  on  this  subject,  it  maybe  proper, 
in  the  first  place,  to  give  a  brief  description  of 
the  phf^jp'T'  nena  which  have  been  observed  on 
the  surface  of  the  sun.  The  first  and  most 
striking  phenomenon  is  the  dark  spots  to  which 
we  have  alluded.  These  spots  are  of  all  sizes, 
from  one  twenty-fifth  part  of  the  sun's  diame- 
ter to  the  one  five  hundreth  part  and  under. 
The  larger  spots  are  uniformly  dark  in  the 
cefitre,  and  surrounded  with  a  kind  of  border 
or  fainter  shade,  called  a  penumbra.  This 
penumbra,  which  sometimes  occupies  a  con- 
siderable space  around  the  dark  nucleus,  is 
frequently  of  a  shape  nearly  corresponding  to 
that  of  the  black  spot.  Sometimes  two  or 
more  dark  spots,  and  a  number  of  small  ones 
are  included  within  the  same  penumbra)  and 
at  other  times  a  number  of  small  spots  in  a 
train,  forming  a  kind  of  tail,  accompany  the 
larger  ones.  The  number  of  the  spots  is  very 
various;  sometimes  there  are  only  two  or 
three,  sometimes  above  a  hundred,  and  some- 
times none  at  all.  Scheiner,  who  was  among 
the  first  that  observed  these  spots,  remarks, 
that  "from  the  year  1611  to  1629  he  never 
found  the  sun  quite  clear  of  spots,  except  a 
few  days  in  December,  1624;  at  other  times 
he  was  able  to  count  twenty,  thirty,  and  even 
fifty  spots  upon  the  sun  at  a  time."  After- 
ward, during  an  interval  of  twenty  years,  from 
1650  to  1670,  it  is  said  that  scarcely  any  were 
to  be  seen.  But,  since  the  beginning  of  last 
century,  no  year  has  passed,  so  far  as  we 
know,  in  which  spots  have  not  been  seen.  I 
have  had  an  opportunity  of  viewing  the  sun 
with  good  telescopes  several  hundreds  of  times, 
but  have  seldom  seen  his  surface  altogether 
free  of  spots.  In  some  years,  however,  they 
have  been  far  more  numerous  than  in  others. 
In  the  beginning  of  1835  comparatively  few 
were  seen,  but  during  the  latter  part  of  it,  the 
whole  of  1836,  and  up  to  the  present  time 
(September,  1837,)  they  have  been  exceed- 
ingly numerous.  On  the  16th  of  November, 
1835,  with  an  achromatic  telescope,  magnify- 
ing about  a  hundred  times,  I  perceived  about 
ten  different  clusters ;  and,  within  the  limits 
of  two  of  the  clusters,  sixty  different  spots 
were  counted,  and  in  the  whole  of  the  other 
clusters  above  sixty  more  ;  making  in  all  about 
120  spots,  great  and  small.  On  the  19th  of 
October,  1836,  and  the  21st  of  February,  1837, 
(4'^.2) 


I  counted  about  130  ;  and  on  a  late  occasion  I 
perceived  spots  of  all  descriptions  to  the 
amount  of  about  150.  Such  a  number  of 
spots  are  generally  arranged  into  ten  or  twelve 
different  clusters,  each  cluster  having  one  or 
two  large  spots,  surrounded  with  a  number  of 
smaller  ones.  Fig.  68,  represents  the  spots 
of  the  sun  nearly  as  they  appeared  on  the  19  th 
of  October,  1836,  some  of  the  smaller  spots 
being  omitted.  The  larger  spots  are  represent- 
ed on  a  somewhat  larger  scale  than  they 
should  be  in  proportion  to  the  diameter  of  the 
circle ;  but  they  present  nearly  the  same  re- 
lative aspect  they  exhibited  when  viewed 
through  the  telescope  at  the  time  specified. 
Fig.  69  shows  the  large  spot  on  a  larger  scale  ; 
and  Fig.  70  a  large  spot  which  appeared  in  a 
subsequent  observation,  which  had  a  bright 
streak  or  two  in  the  centre. 

The  magnitude  of  some  of  the  solar  spots 
is  astonishing.  One  of  the  spots  seen  Novem- 
ber 16,  1835,  was  found  to  measure  about  the 
fortieth  part  of  the  sun's  diameter  ;  and  as 
that  diameter  is  equal  to  880,000  miles,  the 
diameter  of  the  spot  must  have  been  22,000 
miles,  which  is  nearly  three  times  the  diame- 
ter of  the  earth;  and  if  we  suppose  it  only  a 
fiat  surface,  and  nearly  circular,  it  contained 
380,133,600  square  miles,  which  is  nearly 
double  the  area  of  our  globe.  The  largest  of 
the  spots  in  the  figure,  including  the  penum- 
bra, measured  about  the  one  twenty-first  part 
of  the  sun's  diameter,  and  its  breadth  about 
the  one  fifty -fourth  part  of  the  same  diameter  ; 
consequently  the  length  of  the  spots  and  pe- 
numbra was  41,900  miles,  its  breadth  16,300, 
and  its  area  6,829,700,000  square  miles, 
which  would  afford  room  for  ten  globes  as 
large  as  the  earth  to  be  placed  upon  it.  It 
consisted  of  a  dark  spot  of  a  longish  form, 
about  12,000  miles  in  length,  and  two  or  three 
smaller  spots,  some  of  them  several  thousand 
miles  long,  all  included  within  one  penumbra. 
The  smallest  spots  we  can  discern  on  the  solar 
disk  cannot  be  much  less  than  five  or  six  hun- 
dred miles  in  diameter. 

These  spots  are  subject  to  numerous 
changes.  When  watched  from  day  to  day, 
they  appear  to  enlarge  or  contract,  to  change 
their  forms,  and  at  length  to  disappear  altoge- 
ther, or  to  break  out  on  parts  of  the  solar  sur- 
face where  there  were  none  before.  Hevelius 
observed  one  which  arose  and  vanished  in  the 
space  of  seventeen  hours.  No  spot  has  been 
known  to  last  longer  than  one  that  appeared 
in  the  year  1676,  which  continued  upon  the 
sun  above  seventy  days ;  but  it  is  seldom  that 
any  spots  last  longer  than  six  weeks.  These 
spots  that  are  formed  gradually  are  generally 
gradually  dissolved;  those  which  arise  sud- 
denly are,  for  the  most  part,  suddenly  dissolved. 
Dr.  Long,  in  his  "  Astronomy,"  vol.  ii.  stales, 
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that  "  while  he  was  viewing  the  image  of  the 
mui  cai't  through  a  telescope  upon  white  paper, 
Fig.  68. 
North. 


73  74 

divides  the  nucleus  into  two  or  more  parts. 
These  circumstances  show  that  there  is  a  cer- 
tain connexion  between  the  penumbra  and 
the  nucleus  ;  yet  it  is  observed,  that  when  the 
spots  disappear  the  penumbra  continues  for 
a  short  time  visible  after  the  nucleus  has 
vanished.  It  is  likewise  observed  that  the 
exterior  boundary  of  the  penumbra  never  con- 
sists of  sharp  angles,  but  is  always  curvilinear, 
how  irregular  soever  the  outline  of  the  nucleus 
may  be.  The  portions  of  the  sun  on  which 
spots  of  any  description  are  perceived  lie  from 
thirty  to  fifty  degrees  on  each  side  of  its  equa- 
tor.   jN'o  sp(>ts  are  erei  seen  about  its  polar 


he  saw  one  roundish  sp{*t,  by  estimation  Bot 
much  less  in  diameter  tlian  our  earth,  break 
into  two,  which  immediately 
receded  from  one  another  with 
a  prodigious  velocity."  The 
Rev.  Dr.  Wollaston,  when 
viewing  the  sun  with  a  re- 
flective telescope,  perceived  a 
similar  phenomenon.  A  spot 
burst  in  pieces  while  he  was 
observing  it  like  a  piece  of 
ice,  which,  thrown  upon  a 
frozen  pond,  breaks  in  pieces 
and  slides  in  various  direc- 
^  tions.  On  the  11th  of  Gcto- 
^1  her,  1833,  at  2"  30'  p.  m.,  I 
•^  observed  a  large  spot,  with 
several  smaller  ones  behind 
it,  as  represented  Fig.  71. 
Next  day,  at  0"  30'  p.  m., 
the  small  spots  marked  e  had 
entirely  disappeared,  and  no 
trace  of  them  was  afterwards 
seen.  Each  of  these  spots 
was  more  than  a  thousand 
miles  in  diameter,  yet  they 
were  all  changed  in  the  space 
of  twenty- two  hours.  The 
spot  marked  c?,  near  the  large 
spot,  though  at  least  two  or 
three  thousand  miles  in 
length,  disappeared  about 
three  days  afterward.  When 
any  spot  begins  to  increase 
or  diminish,  the  nucleus,  or 
dark  part,  and  the  penumbra 
contract  and  expand  at  the 
same  time.  During  the  pro- 
cess of  diminution,  the  pe- 
numbra encroaches  gradually 
upon  the  nucleusj  so  that 
the  figure  of  the  nucleus  and 
the  boundary  between  it  and 
the  penumbra  are  in  a  state 
of  perpetual  change  ;  and  it 
sometimes  happens  during 
these  variations,  that  the  en- 
croachment of  the  penumbra 
regions,  though  I  have  sometimes  seen  small 
spots  as  distant  fi:om  the  equator  as  sixty  de- 
grees. 

Fig.  72  shows  the  progress  of  a  spot  across 
the  sun*s  disk,  from  its  eastern  to  its  western 
limb,  as  observed  and  delineated  by  Hevelius 
in  May,  1644.  The  figures  refer  to  the  num 
her  of  days  on  which  the  spot  was  observed 
On  the  first  day  of  the  observation,  when  the 
spot  first  appeared  on  the  eastern  limb,  it  was 
seen  as  represented  at  1  ;  the  second  day  il 
was  not  visible,  by  reason  of  cloudy  weather. 
The  third,  fourth,  and  fifth  days  it  gradually 
increased  in  bulk ;  the  sixth  day  !t  was  noi 
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«een.     On  the  tenth  and  following  days  the 
spot  was  vastly  increased  in  bulk,  with  an  irre- 
gular atmosphere  about  it  and  a  dark  central 
spot.     Figs.  73,  74,  75,  76,  are  representations 
of  spots  by  Sir  W.  Herschel.     Fig.  75  shows 
the  division  of  a  decaying  nucleus  or  opening, 
where  the  luminous  passage  across  the  open- 
ing resembles  a  bridge  thrown  over  a  hollow. 
Besides  the  dark  spots  now  described,  there 
are  other  spots  which  have  a  bright  and  mot- 
tled appearance,  which  were  formerly  termed 
faculae,  and  which  Sir  W.  Herschel   distin- 
guished by  the  terms  Nodules^  Corrugations^ 
and  Ridges.     These  spots  are  chiefly  to  be 
seen  near  the  margin  of  the  sun,  in  the  same 
latitudes   in  which   the  other   spots   appear* 
They  appear  first  on  the  eastern  margin,  and 
continue  visible  for  three  or  four  days,  but  are 
invisible  when  they  arrive  near  the  middle  of 
the  disk,  and  when  they  approach  near  the 
western  limb  they  are  again  distinctly  visible. 
This  circumstance  shows  that  they  are  ridges 
or  elevations,  which  appear  in   profile  when 
near  the  limb,  but  in  front  or  foreshortened 
when  near  the  middle  of  the  disk,  so  as  to  be- 
come invisible.     They  are  generally  seen  in 
the  immediate  neighbourhood  of  dark  spots, 
and  in  the  places  where  spots  have  appeared ; 
and  hence,  for  several  years  past,  when  any 
of  these  faculae  or  ridges  have  appeared  on  the 
eastern  margin,  I  have  uniformly  been  enabled 
to  predict  the  appearance  of  a  large  spot  or 
two  within  the  course  of  twenty-four  or  thirty 
hours ;  and  in  more  than  twenty  or  thirty  in- 
stances I  have  never  been  disappointed.  These 
faculae    and    ridges    present   a   mottled   and 
waving  appearance,  like  that  of  a  country  with 
gentle  elevations  and  depressions,  and  bear  a 
strong  resemblance  to  certain  portions  of  that 
surface  of  the  moon,  particularly  the  more  level 
portions  of  the  orb,  which  present  a  number 
of  gentle  wavings  or  elevations  and  depres- 
sions.    And  as  those  wavings  or  ridges  which 
appear  on  the  sun  are,  in  a  clear  atmosphere, 
as  distinctly  perceptible  as  the  rough  surface 
of  the  moon,  they  must  be  objects  of  immense 
extent  and  of  very  great  elevation,  whether 
they  consist  of  luminous  clouds  or  of  more 
dense  materials.     Some  of    those  spaces  or 
ridges  have  been  found  to  occupy  a  portion  of 
the  solar  disk  equal  to  seventy-five  thousand 
miles.     They  extend  over  a  large  portion  of 
the  sun's  surface,  and  their  shape  and  position 
are  frequently  changing. 

Opinions  and  Deductions  respecting  the 
Nature  and  Constitution  of  the  Sun. — Hav- 
ing described  the  principal  phenomena  con- 
nected with  this  immense  luminary,  we  may 
now  consider  what  conclusions  those  appear- 
ances lead  us  to  deduce  respecting  its  con- 
struction and  the  processes  which  are  going 
on  near  its  surfa  :e.  Very  vague  and  foolish 
(444) 


opinions  have  been  entertained  respecting  th« 
nature  of  the  sun  ever  since  the  invention  of 
the  telescope.  It  has  very  generally  been  con 
sidered  as  a  vast  body  of  liquid  fire  ;  and  in  a 
large  volume  now  before  me,  published  only 
about  a  century  ago,  it  is  considered   as  the 
local  place  of  hell.     A  large  map  of  the  sun, 
copied  from  the  delineations  of  Klrcher  and 
Scheiner,  is  exhibited,  in  which  the  solar  sur- 
face is  represented  as  all  over  covered  with 
flames,  smoke,  volcanoes,   and  "  great  foun- 
tains, or  ebullitions  of  fire  and  light,  spread 
thick  over  the  whole  body  of  it ;  and  in  many 
places    dark    spots,     representing    dens    or 
caverns,  which  may  be  supposed  the  seats  of 
the  blackness  of  darkness."*     In  this  picture 
the  smoke  and  flames  are  represented  as  rising 
beyond  the  margin  of  the  sun  about  a  ninth 
part  of  its  diameter,  or  nearly  90,000  miles ;  a 
picture  as  unlike  the  real  surface  of  the  sun  as 
the  gloom  of  midnight  is  unlike  the  splendours 
of  day.     But,  leaving  such  extravagant  and 
untenable   notions,    even   some   philosophers 
have   held    opinions   altogether  incompatible 
with  reason  and  with  the  phenomena  present- 
ed by  the  sun :  Galileo,  Hevelius,  and  Mau- 
pertius  considered  the  spots  as  scoria  floating 
in  the  inflammable  liquid  matter  of  which  they 
conceived  the  sun  to  be  composed.     Others 
have  imagined  that  the  fluid  which  sends  forth 
light  and  heat  contains  a  nucleus  or  solid  globe, 
in  which  are  several  volcanoes,  like  Etna  or 
Vesuvius  which  from  time  to  time  cast  forth 
quantities  of  bituminous  matter  up  to  the  sur- 
face of  the  sun,  and  form  those  spots  which 
are  seen  upon  it ;  and  that,  as  this   matter  is 
gradually  changed  and  consumed  by  the  lu- 
minous fluid,  the  spots  disappear  for  a  time, 
but  are  seen  to  rise  again  in  the  same  places 
when    those  volcanoes  cast  up  new  m?iiter. 
Others,  again,  have  supposed  that  the  sun  is 
a  fiery  luminous  fluid,  in  which  several  opaque 
bodies  of  irregular  shapes  are  immersed,  and 
that  these  bodies  are  sometimes  buoyed  up  or 
raised  to  the  surface,  where  they  appear  like 
spots  ;  while  others  imagine  that  tliis  luminary 
consists  of  a  fluid  in  continual  agitation,  by  the 
rapid  motion  of  which  some  parts  more  gross 
than  the  rest  are  carried  up  to  the  surface  in 
like  manner  as  scum  rises  on  the  top  of  melted 
metal  or  any  thing  that  is  boiling. 

The  futility  of  all  such  opinions  is  obvious 
when  we  consider  attentively  all  the  varieties 
of  the  solar  phenomena,  and  when  we  reflect 
on  the  immense  magnitude  both  of  the  sun 
itself  and  of  the  spots  which  traverse  its  sur- 
face. What  resemblance  can  there  be  be- 
tween such  volcanoes  as  Etna  and  Vesuvius, 
and  spots  on  the  sun  20,000  miles  in  diame- 

*"An  Inquiry  into  the  Nature  and  Place  of 
Hell."  By  the  Rev.  T.  Swinden,  M.  A.,  Rector  of 
Cuxton,  in  Kent.    2d  edit.,  p.  470.   London,  1727. 
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ter,  and  seveval  times  larger  than  the  whole 
earth?  between  the  vast  and  sublime  opera- 
tions going  forward  in  this  magnificent  globe, 
and  "  the  scum  and  scoria  of  melted  metaH'* 
We  err  most  egregiously  when  we  attempt  to 
compare  the  substances  and  the  puny  opera- 
tions which  we  see  around  us  on  the  globe 
we  inhabit,  with  what  takes  place  on  so  stu- 
pendous a  globe  as  the  sun,  whose  constitution 
must  be  so  immensely  ditferent  from  that  of 
the  planetary  bodies,  and  from  every  thing 
within  the  range  of  our  observation  on  this 
earth.  We  talk  of  volcanoes,  of  scoria,  of 
boiling  metals,  of  bituminous  matter,  of  dens, 
and  caverns,  and  fiery  flames  in  the  sun,  as 
if  they  were  as  common  there  as  with  us; 
whereas  there  is  every  reason  to  believe  that 
nothing  similar  to  any  of  these  is  to  be  found 
in  the  constitution  of  this  vast  luminary.  We 
might,  with  as  good  reason,  attempt  to  com- 
pare the  process  of  vegetation  on  our  globe, 
and  the  tides  and  currents  of  cur  ocean,  with 
what  takes  place  on  the  surface  of  Jupiter  or 
on  the  lings  of  Saturn.  In  all  such  cases,  it 
is  most  becoming  rather  to  acknowledge  our 
ignorance  than  to  caricature  and  degrade  the 
sublimest  works  of  Omnipotence  by  our  pue- 
rile explanations  and  whimsical  theories.  The 
following  are  some  of  the  more  rational  con- 
clusions which  have  been  deduced  in  reference 
to  the  constitution  of  the  sun. 

In  the  first  place,  from  a  variety  of  observa- 
tions, it  is  now  pretty  well  determined  that 
the  solar  spots  are  depressions,  and  not  eleva- 
tions, and  that  the  black  nucleus  of  every 
spot  is  the  opaque  body  of  the  sun  seen 
through  an  opening  in  the  luminous  atmo- 
sphere with  which  it  is  environed.  This  was 
first  ascertained  by  numerous  observations 
made  by  the  late  Dr.  Wilson,  professor  of  as- 
tronomy in  the  university  of  Glasgow.  This 
conclusion  is  founded  on  the  following  facts : 
When  any  spot  is  about  to  disappear  behind 
the  sun's  western  limb,  the  eastern  portion  of 
the  umbra  first  contracts  in  its  breadth,  and 
then  vanishes.  The  nucleus  then  contracts 
and  vanishes,  while  the  western  portion  of 
the  umbra  still  remains  visible.  When  a  spot 
comes  into  view  on  the  sun's  eastern  limb,  the 
eastern  portion  of  the  umbra  first  becomes 
visible,  then  the  dark  nucleus,  and  then  the 
western  part  of  the  umbra  makes  its  appearr 
ance.  When  two  spots  are  near  each  other, 
the  umbra  of  the  one  spot  is  deficient  on  the 
side  next  the  other;  and  when  one  of  the 
spots  is  much  larger  than  the  other,  the  union 
of  the  largest  will  be  completely  wanting  on 
the  side  next  the  small  one.  From  various 
micromctical  estimates  and  calculations  in  re- 
lation to  the  breadth  of  the  umbra,  and  the 
manner  of  their  appearance  and  disappear- 
ance, the  doctor  was  led  to  the  conclusion 


that  the  depth  of  the  nucleus  oi  dark  part  of 
the  spots  was,  in  several  instances,  from  2000 
to  nearly  4000  miles.  In  order  to  confirm 
his  theory,  he  constructed  a  globe  representing 
the  sun,  with  certain  hollows  cut  out  to  repre- 
sent the  spots  or  excavations,  which  were 
painted  black  with  Indian  ink,  and  the  slope 
or  shelving  sides  of  the  excavations  were  dis- 
tinguished from  the  brightness  of  the  external 
surface  by  a  shade  of  the  pencil,  which  in- 
creased towards  the  external  border.  When 
this  artificial  sun  was  fixed  in  a  proper  frame, 
and  examined  at  a  great  distance  with  a  tele- 
scope, the  umbra  and  the  nucleus  exhibited 
the  same  phenomena  which  are  observed  on 
the  real  sun.* 

Sir  William  Herschel,  with  his  powerful 
telescopes,  made  numerous  observations  on 
the  solar  spots,  and  arrived  at  the  same  con- 
clusion as  Dr.  Wilson  had  done,  that  the  dark 
nucleus  of  the  spots  is  the  opaque  body  o^  the 
sun  appearing  through  the  openings  in  its  at- 
mosphere, and  that  the  luminous  surface  of 
the  sun  is  neither  a  liquid  substance  nor  an 
elastic  fluid,  but  luminous  or  phosphoric  clouds 
floating  in  the  solar  atmosphere.  He  con- 
ceives, from  the  uniformity  of  colour  in  the 
penumbra  or  shallows,  that  below  these  self- 
luminous  clouds  there  is  another  stratum  of 
clouds  of  inferior  brightness,,  which  is  intended 
as  a  curtain  to  protect  the  solid  and  opaque 
body  of  the  sun  from  the  intense  brilliancy 
and  heat  of  the  luminous  clouds  ;  and  that 
"  the  luminous  strata  are  sustained  far  above 
the  level  of  the  solid  body  by  a  transparent 
elastic  medium,  carrying  on  its  upper  surface, 
or  at  some  considerably  lower  level  within  its 
depth,  i  cloudy  stratum,  which,  being  strongly 
illuminated  from  above,  reflects  a  considerable 
portion  of  the  light  to  our  eyes,  and  forms  a 
penumbra,  while  the  solid  body,  shaded  by  the 
clouds,  reflects  little  or  none." 

What,  then,  are  the  conclusions  which  may 
be  deduced  in  regard  to  the  constitution  of 
the  sunl  In  the  first  place,  we  must  admit 
that,  at  present,  we  know  very  little  of  the 
nature  of  this  immense  luminary,  and  of  the 
processes  that  are  going  forward  on  its  surface 
or  in  its  atmosphere.  For  there  is  no  similar 
body  with  which  we  are  intimately  acquainted 
with  which  we  can  compare  it,  and  which 
might  enable  us  to  form  some  definite  concep- 
tions of  the  causes  which  produce  the  pheno- 
mena it  presents.  But,  secondly,  it  appears 
highly  probable,  if  not  absolutely  certain,  that 
the  great  body  of  the  sun  consists  of  an 
opaque  solid  globe,  most  probably  diversified 
with  elevations  and  depressions,  but  of  the 

*  See  an  elaborate  paper  on  this  subject  by  Dr. 
Wilson, in  vol.lxiv,  of  the  "Philosophical  Trans- 
actions;" and  another,  in  reply  to  some  objectiona 
of  La  Lande,  in  the  vol  »rne  for  1783. 
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nature  or  qualities  of  this  interior  globe,  and 
the  materials  of  which  it  is  composed,  we  are 
ftltogethex  unacquainted.  Thirdly,  that  this 
opaque  globe  is  surrounded  with  a  body  of 
light,  which  it  diffuses  throughout  the  planet- 
ary system  and  far  beyond  it ;  but  whether  this 
light  consists  of  phosphoric  clouds  in  perpetual 
motion,  or  how  it  is  produced  and  kept  con- 
tinually in  action,  is  only  matter  of  conjecture. 
But,  in  whatever  it  consists,  it  is  pretty  evi- 
dent that  it  forms  a  shell  or  covering  around 
the  dark  body  of  the  sun  of  several  thousand 
miles  in  thickness.  Fourthly,  there  are  stu- 
pendous motions  and  operations  continually 
going  forward  in  connexion  with  the  surface 
or  the  luminous  atmosphere  of  this  immense 
body. 

That  extensive  and  amazing  operations  and 
processes  are  going  forward  on  the  surface  of 
the  sun,  or  in  its  immediate  vicinity,  appears 
from  the  immense  size  of  both  the  dark  and 
luminous  spots,  and  the  sudden  and  extensive 
changes  to  which  they  are  frequently  sub- 
jected. Spots  have  been  observed  on  the 
solar  disk  so  large  as  the  one  twentieth  of  the 
sun's  diameter,  and,  of  course,  44,000  miles 
in  lineal  extent,  comprising  an  area  of  one 
thousand  five  hundred  and  twenty  millions  of 
square  miles.  Now  it  is  known  from  observa- 
tion that  such  spots  seldom  or  never  last 
longer  than  forty-four  days,  and,  consequently, 
their  borders  must  approach  at  the  rate  of  at 
least  a  thousand  miles  every  day,  but  in  most 
cases  with  a  much  more  rapid  motion.  What, 
then,  shall  we  think  of  the  motions  and  ope- 
rations by  which  a  large  spot  has  been  made 
to  disappear  in  the  course  of  twenty-two 
hours,  as  I  have  sometimes  observed,  yea, 
which  have  disappeared  in  the  course  of  a 
single  hour  1  And  what  shall  we  think  of 
the  process  by  which  a  spot  as  large  as  the 
earth  was  broken  into  two  during  the  moment 
of  observation,  and  made  to  recede  from  each 
other,  as  was  observed  bqth  by  Dr.  Long  and 
Dr.  Wollaston  ]  (Seepage  100.)  How  power- 
ful the  forces,  how  rapid  the  motions,  and 
how  extensive  the  changes  which  must  have 
been  produced  in  such  cases !  Whether  we 
consider  such  changes  to  be  produced  in  the 
solid  globe  of  the  sun,  or  merely  in  the  lumi- 
nous atmosphere  with  which  it  is  environed, 
the  scale  on  which  such  movements  and  ope- 
rations must  be  conducted  is  immense,  and 
altogether  overpowering  to  the  imagination. 
What  should  we  think  were  we  to  behold  the 
whole  of  the  clouds  which  float  in  the  earth's 
atmosphere  dissipated  in  a  moment*  the  con- 
tinent of  America  detached  from  its  basis  and 
transported  across  the  Atlantic ;  or  the  vast 
Pacific  Ocean,  in  the  course  of  a  few  days, 
overwhelming  with  its  billows  the  whole  of 
Asia,  Africa,  and  Europe  1  Amazing  as  such 
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changes  and  revolutions  would  appear,  there 
are,  in  all  probability,  operations  and  changes, 
though  of  a  very  different  description,  taking 
place  on  the  solar  surface  or  atmosphere  upon 
a  scale  of  much  larger  extent.  It  is  found  by 
calculation  that  the  smallest  space  containing 
a  visible  area  which  can  be  distinctly  per- 
ceived on  the  sun  with  good  telescopes  is 
about  460  miles ;  and  a  circle  of  this  diameter 
contains  about  166,000  square  miles.  Now 
those  ridges  or  corrugations,  formerly  termed 
faculXf  which  are  seen  near  the  sun's  margin, 
are  more  than  twenty  times  larger  than  such 
a  space ;  they  evidently  appear  to  be  eleva- 
tions and  depressions  on  the  solar  surface, 
and  are  almost  as  distinctly  perceptible  as  the 
wavings  and  inequalities  on  the  surface  of  the 
moon.  How  immensely  large  and  elevated, 
then,  must  such  objects  in  reality  be,  when 
we  perceive  their  inequalities  so  distinctly  at 
the  distance  of  ninety-five  millions  of  miles  ! 
The  elevated  parts  of  such  objects  cannot  be 
less  than  several  hundreds  of  miles  above  the 
level  of  the  valleys  or  depressions,  and  ex- 
tending in  length  several  thousands  of  miles. 
Yet,  sometimes  in  a  few  days,  or,  at  most,  in 
a  few  weeks,  these  extensive  objects  are  either 
dissipated  or  dark  spots  appear  in  their  room. 
It  is  evident,  then,  that  stupendous  powers 
are  in  action,  and  vast  operations  are  going 
on  in  connexion  with  this  august  luminary, 
far  surpassing  every  thing  within  the  range 
of  our  contemplation  in  this  terrestrial  sphere, 
and  of  which  the  human  mind  can  form  no 
distinct  conception.  These  operations  appear 
to  be  carried  forward  in  a  systematic  order, 
and  by  the  regular  influence  of  certain  physi- 
cal agents.  But  what  these  agents  are  ;  how 
they  produce  their  effects ;  wherein  they  differ 
in  their  nature  and  properties  from  the  physi- 
cal agents  connected  with  our  globe ;  whether 
they  be  employed  in  keeping  up  a  constant 
efflux  of  light  and.  heat  to  the  worlds  which 
roll  around;  or  whether  their  activities  have 
any  relation  to  intelligent  beings  connected 
with  the  sun,  arq  questions  which,  in  our  pre- 
sent state,  it  is  impossible  to  resolve.  But  we 
can  easily  conceive  that  scenes  of  overpower- 
ing grandeur  and  sublimity  would  be  pre- 
sented to  view  could  we  suppose  ourselves 
placed  in  the  immediate  vicinity  of  this  lumi- 
nary. Were  we  placed  within  a  hundred 
miles  of  the  solar  luminous  atmosphere,  where 
the  operations  which  we  now  behold  at  a 
remote  distance  would  be  distinctly  perceived, 
we  should  doubtless  behold  a  scene  of  over- 
whelming magnificence  and  splendour,  and  a 
series  of  sublime  phenomena  far  surpassing 
what  "eye  hath  yet  seen,"  or  the  mind  of 
man  can  yet  conceive.  Were  we  placed 
within  this  luminous  atmosphere,  on  the  solid 
surface  of  the  sun,  we  should  doubtless  con- 
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template 'a  scene  altogether  novel,  and  still 
more  brilliant  and  astonishing-.  To  a  spectator 
in  this  position  an  opening  in  the  luminous 
atmosphere  several  thousands  of  miles  in  cir- 
cumference, w^here  none  appeared  before, 
would  be  presented  to  his  view,  through 
which  the  stars  of  heaven  might  possibly  be 
perceived ;  and  in  a  short  time  this  opening 
would  gradually  close,  and  he  would  find 
himself  again  surrounded  with  ineffable  splen- 
dour ;  while,  at  the  same  time,  he  might  have 
a  view  of  the  physical  agents  by  which  these 
astonishing  effects  are  produced.  In  a  short 
time  another  opening  of  a  different  kind 
would  be  perceived,  and  other  scenes  and 
transformations  would  be  exhibited  to  the 
new  in  regular  succession.  That  such  scenes 
would  actually  be  exhibited  is  a  natural  de- 
duction from  the  theory  (which  may  be  con- 
sidered as  established)  that  the  sun  consists 
of  a  solid  globe,  surrounded  with  a  luminous 
atmosphere,  and  that  the  dark  spots  are  tho 
openings  in  that  luminous  fluid. 

It  appears,  then,  that  the  sun  which  we 
daily  behold  is  a  body  of  ineffable  magnitude 
and  splendour,  and  that  the  most  magnificent 
operations  are  incessantly  going  forward  on 
its  surface  or  in  its  immediate  vicinity.  It  is, 
indeed,  a  kind  of  universe  in  itself,  the  magni- 
tude, and  extent,  and  grandeur  of  which,  and 
the  vast  and  sublime  operations  connected 
with  its  physical  constitution,  surpass  the 
powers  of  the  human  mind  to  form  any  ade- 
quate conception.  We  are  destitute  of  a  sub- 
stratum of  thought  for  enabling  us  to  form 
a  comprehensive  conception  on  this  subject. 
When  we  ascend  to  the  top  of  Mount  Etna 
or  Mount  Blanc,  and  survey  the  vast  group 
of  surrounding  objects  which  appear  around 
and  beneath  us  when  the  morning  sun  illumi- 
nates the  landscape,  we  behold  one  of  the 
largest  and  most  expansive  objects  that  can 
meet  our  eye  in  this  sublunary  scene ;  and 
we  can  compare  it  with  objects  that  are 
smaller  and  with  those  that  are  somewhat 
larger.  But  the  amplitude  of  such  a  scene 
extends  only  to  a  hundred  or  a  hundred  and 
fifly  miles  in  every  direction,  which  is  less 
than  the  least  visible  point  or  spot  which  we 
can  perceive  on  the  sun  with,  the  most  power- 
ful telescopes.  Were  we  transported  to  a 
point  five  or  six  thousand  miles  above  the 
surface  of  the  earth,  so  as  to  take  in  nearly  at 
one  view  the  whole  hemisphere  of  our  globe; 
and  were  our  eyes  to  be  strengthened  so  as  to 
be  able  to  perceive  every  part  of  its  surface 
distinctly,  our  ideas  of  magniludevf onld  be 
vastly  enlarged,  and  we  should  be  enabled  to 
form  more  correct  and  comprehensive  concep- 
tions than  we  can  now  do  of  the  still  greater 
magnitudes  of  many  of  the  celestial  bodies. 
But  even  such  an  object  as  the  whole  of  the 


earth's  hemisphere,  seen  at  one  comprehen- 
sive view,  would  afford  us  comparatively  little 
assistance  in  forming  an  adequate  conception 
of  such  a  stupendous  globe  as  the  sun;  it 
would  not  equal  the  idea  of  magnitude  which 
we  ought  to  attach  to  one  of  the  smaller  spots 
on  its  surface.  For  the  area  of  the  solar  sur- 
face is  twenty-four  thousand  seven  hundred 
times  greater ;  so  that  24,700  scenes  equal  in 
magnitude  to  the  hemisphere  of  our>  globe 
must  pass  between  us  in  review  before  we 
could  acquire  a  comprehensive  and  adequate 
idea  of  the  expansive  surface  of  the  sun.  And 
were  a  scene  of  this  description  to  pass  before 
our  eyes  every  two  hours,  till  an  extent  equal 
to  the  area  of  the  sun  passed  under  our  view, 
and  were  twelve  hours  every  day  allotted  for 
the  observation,  it  would  require  more  than 
eleven  years  before  such  a  rapid  survey  of  this 
vast  luminary  could  be  completed.  But,  as 
we  can  have  no  adequate  idea  of  a  scene 
comprehoinding  a  whole  hemisphere  of  our 
globe,  let  us  compare  the  view  from  Mount 
Etna  with  the  amplitude  of  the  sun.  "There 
is  no  point  on  the  surface  of  the  globe,"  says 
Mr.  Brydone,  "that  unites  so  many  awful  and 
sublime  objects  as  the  top  of  Etna,  and  no 
imagination  has  dared  to  form  an  idea  of  so 
glorious  and  magnificent  a  scene.  The  body 
of  the  sun  is  seen  rising  from  the  ocean, 
immense  tracts  both  of  sea  and-  land  inter- 
vening ;  the  islands  of  Pinari,  Alicudi,  Lipari, 
Stromboli,  and  Volcano,  with  their  smoldng 
summits,  appear  under  your  feet,  and  you 
look  down  on  the  whole  of  Sicily  as  on  a 
map,  and  can  trace  every  river  through  all  its 
windings  from  its  source  to  its  mouth.  The 
view  is  absolutely  boundless  on  every  side,  so 
that  the  sight  is  every  where  lost  in  the  im- 
mensity." Yet  this  glorious  and  expansive 
prospect  is  comprised  within  a  circle  about 
240  miles  in  diameter  and  754  in  circum- 
ference, containing  45,240  square  miles,  which 
is  only  1-53,776,608  part  of  the  surface  of  the 
sun ;  so  that  fifty-three  millions,  seven  hun- 
dred and  seventy-six  thousand  landscapes, 
such  as  lieheld  from  Mount  Etna,  behooved 
to  pass  before  us  before  we  could  contemplate 
a  surface  as  expansive  as  that  of  the  sun  ;  and 
if  every  such  landscape  were  to  occupy  two 
hours  in  the  contemplation,  as  supposed 
above,  it  would  require  twenty-four  thouf^and 
Jive  hundred  and  fifty -four  years  before  the 
whole  surface  of  this  immense  globe  could  be 
in  this  manner  surveyed ;  and,  after  all,  we 
should  have  but  a  very  imperfect  conception 
of  the  solid  contents  of  the  sun,  which  contains 
356,818,739,200,000,000  of  cubical  miles, 
which  number  is  146,670  times  greater  than 
the  number  of  square  miles  upon  its  surface. 

What  a  glorious  idea,  then,  does  such  aii 
object  as  the  sun  present  to  us  of  the  Gran- 
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DEUR  of  the  Deity  and  the  Enehgies  of 
Omistpotence  !  There  is  no  single  object 
within  the  range  of  our  knowledge  that  affords 
a  more  striking  and  august  emblem  of  its 
Great  Creator.  In  its  lustre,  in  its  magnitude, 
in  its  energy,  in  its  boundless  influence,  and 
its  beneiicial  effects  on  this  earth  and  on 
surrounding  worlds,  there  is  a  more  bright 
display  of  Divine  perfection  than  in  any  other 
material  being  with  which  we  are  acquainted : 

"Great  source  of  day!  best  image  here  below 
Of  thy  Creator  !  ever  pouring  wide 
From  world  to  world,  the  vital  ocean  round, 
On  Nature  write,  with  every  beam,  his  praise." 

Could  such  a  magnificent  orb  have  been 
produced  by  a  fortuitous  concourse  of  atoms, 
and  placed  in  its  proper  position  to  distribute 
light  and  attractive  influence  to  the  worlds 
which  roll  around  itl  Could  chance  have 
directed  the  distance  at  which  it  should  be 
placed  from  the  respective  planets,  or  the  size 
to  which  it  should  be  expanded,  in  order  to 
diffuse  its  energies  to  the  remotest  part  of  the 
system?  Could  chance  have  impressed  upon 
it  the  laws  requisite  for  sustaining  in  their 
courses  all  the  bodies  dependent  upon  it,  or 
have  endowed  it  with  a  source  of  illumination 
which  has  been  preserved  in  action  from  age 
to  age]  To  affirm  such  positions  would  be 
to  undermine  and  annihilate  the  principles  of 
all  our  reasonings.  The  existence  of  the  sun 
proves  the  existence  of  an  Eternal  and  Supreme 
Divinity,  and  at  the  same  time  demonstrates 
his  omnipotent  power,  his  uncontrollable 
agency,  the  depths  of  his  wisdom,  and  the 
riches  of  his  beneficence.  If  such  a  luminary 
be  so  glorious  and  incomprehensible,  what 
must  its  Great  Creator  be  ]  If  its  splendour 
be  so  dazzling  to  our  eyes,  and  its  magnitude 
so  overpowering  to  our  imagination,  what 
must  He  be  who  lighted  up  that  magnificent 
orb,  and  bade  a  retinue  of  worlds  revolve 
around  it;  who  "dwells  in  light  inaccessible, 
to  which  no  mortal  eye  can  approach?"  If 
the  sun  is  only  one  out  of  many  myriads  of 
similar  globes  dispersed  throughout  the  illimit- 
able tracts  of  creation,  how  great,  how  glorious, 
how  far  surpassing  human  comprehension 
must  be  the  plans  and  the  attributes  of  the 
infinite  and  eternal  Creator !  "  His  greatness 
is  unsearchable,  and  his  ways  past  finding 
out."  Could  we  thoroughly  comprehend  the 
depths  of  his  perfections  or  the  grandeur  of 
his  empire,  he  would  cease  to  be  God,  or  we 
should  cease  to  be  limited  and  dependent 
beings.  But,  in  presenting  to  our  view  such 
magnificent  objects,  it  is  evidently  his  inten- 
tion that  we  should  rise  in  our  contemplations 
from  the  effect  to  the  cause,  from  the  creature 
to  the  Creator,  from  the  visible  splendours 
and  magnificence  of  creation  to  the  invisible 
gla^ies  of  Hinr.  who  sits  on  the  throne  of  the 
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universe,  "whose  kingdom  ru/.<ith  over  all,  ami 
before  whom  all  nations  are  counted  as  less 
than  nothing  and  vanity." 

It  might  here  form  a  subject  of  inquiry, 
whether  there  he  any  reason  to  believe  thai 
the  sun  is  inhabited?  Most  astronom'srs 
have  been  disposed  to  answer  this  question  in 
the  negative.  Sir  W.  Herschel,  however, 
and  several  others,  consider  it  as  not  altoge- 
ther improbable  that  the  sun  is  peopled  with 
rational  beings.  Viewing  this  luminary  as 
consisting  of  a  dark  solid  nucleus,  surrounded 
by  two  strata  of  clouds,  the  outermost  the  re- 
gion of  that  light  and  heat  which  is  diffused 
to  the  remotest  parts  of  the  system,  they  con- 
ceived that  the  interior  stratum  was  intended 
to  protect  the  inhabitants  of  the  sun  from  the 
fiery  blaze  of  the  sphere  of  light  and  heat 
with  which  they  are  surrounded.  On  either 
side  of  this  question  it  becomes  us  to  speak 
with  diffidence  and  modesty.  We  ought  not 
to  set  limits  to  the  wisdom  and  arrangements 
of  the  Creator  by  affirming  that  rational 
beings  could  not  exist  and  find  enjoyment  on 
such  a  globe  as  the  sun,  on  account  of  the 
intensity  of  light  and  heat  which  for  ever  pre- 
vails in  that  region.  For  it  is  probable  that 
the  luminous  matter  that  encompasses  the 
solid  globe  of  the  sun  does  not  derive  its 
splendour  from  any  intensity  of  heat.  If  this 
were  the  case,  the  parts  underneath,  which 
are  perpetually  in  contact  with  that  glowing 
matter,  would  be  heated  to  such  a  degree  as 
to  become  luminous  and  bright,  whereas  we 
find  that  they  have  uniformly  a  dark  appear- 
ance :  so  that  it  is  possible  the  interior  region 
of  the  sun  may  be  in  a  state  of  comparatively 
low  temperature.  For  any  thing  we  know  to 
the  contrary  or  can  demonstrate,  the  sun  may 
be  one  of  the  most  splendid  and  delightful 
regions  of  the  universe,  and  scenes  of  magnifi- 
cence and  grandeur  may  be  there  displayed 
far  surpassing  any  thing  that  i."  to  be  found 
in  the  planets  which  revolve  around  it,  and  its 
population  may  as  far  exceed  in  number  that 
of  other  worlds  as  the  immense  size  of  this 
globe  exceeds  that  of  all  the  other  bodies  in 
the  system.  But,  on  the  other  hand,  we 
know  too  little  of  the  nature  and  constitution 
of  the  sun,  and  the  plans  of  Divine  Wisdom, 
to  warrant  us  to  make  any  positive  assertions 
on  this  point.  Although  no  intelligent  beings 
were  connected  with  this  great  luminary,  its 
boundless  influence  in  the  planetary  system ; 
its  being  the  soul  and  centre  of  surrounding 
worlds;  its  diffusing  light,  and  heat,  and 
genial  influences  of  various  kinds,  to  all  the 
tribes  of  their  inhabitants ;  and  its  cementing 
them  all  by  its  attractive  energy  in  one  har- 
monious system,  are  reasons  sufficient  for  the 
creation  of  this  vast  globe,  without  the  influ* 
ence  of  which  perpetual  darkness  would  en- 
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me.,  the  planets  would  start  from  their  spheres, 
fend  the  whole  system  soon  become  one  uni- 
versal wreck. 

It  is  owing  ^o  the  existence  of  the  sun  that 
our  globe  is  a  nabitable  world  and  productive 
Bf  enjoyment.  Almost  all  the  benign  agen- 
cies which  are  going  forward  in  the  atmo- 
sphere, the  waters,  and  the  earth,  derive  their 
origin  from  its  powerful  and  perpetual  influ- 
ence. Its  light  diffuses  itself  over  every  region, 
and  produces  all  that  diversity  of  colourhig 
which  enlivens  and  adorns  the  landscape  of 
the  world,  without  which  we  should  be  unable 
to  distinguish  one  object  from  another.  By 
its  vivifying  action,  vegetables  are  elaborated 
from  inorganic  matter,  the  sap  ascends  through 
their  myriads  of  vessels,  the  flowers  glow  with 
the  richest  hues,  the  fruits  of  autumn  are  ma- 
tured, and  become,  in  their  turn,  the  support 
of  animal sf  and  of  man.  By  its  heat  the 
waters  of  the  rivers  and  the  ocean  are  atten- 
uated and  carried  to  the  higher  regions  of  the 
atmosphere,  where  they  circulate  in  the  form 
of  vapour  till  they  again  descend  in  showers, 
to  supply  the  sources  of  the  rivers  and  to  fer- 
tilize the  soil.  By  the  same  agency  all  winds 
are  produced,  which  purify  the  atmosphere  by 
keeping  it  in  perpetual  motion,  which  propel 
our  ships  across  the  ocean,  dispel  noxious  va- 
pours, prevent  pestilential  effluvia,  and  rid  our 
habitations  of  a  thousand  nuisances.  By  its 
attractive  energy  the  tides  of  the  ocean  are 
modified  and  regulated,  the  earth  conducted 
in  its  annual  course,  and  the  moon  sustained 
and  directed  in  her  motions.  Its  influence 
descends  even  to  the  mineral  kingdom,  and  is 
felt  in  the  chymical  compositions  and  decom- 
positions of  the  elements  of  nature.  The 
disturbances  in  the  electric  equilibrium  of  the 
atmosphere,  which  produce  the  phenomena  of 
thunder,  lightning,  and  rain,  and  the  varieties 
of  terrestrial  magnetism;  the  slow  degrada- 
tion of  the  solid  constituents  of  the  globe  and 
their  diffusion  among  the  waters  of  the  ocean, 
may  all  be  traced,  either  directly  or  indirectly, 
to  the  agency  of  the  sun.  It  illuminates  and 
cheers  all  the  inhabitants  of  the  earth  from 
the  polar  regions  to  the  torrid  zone.  When 
its  rays  gild  the  eastern  horizon  after  the  dark- 
ness of  the  night,  something  like  a  new  crea- 
tion appears.  The  landscape  is  adorned  with 
a  thousand  shades  and  colours ;  millions  of 
insects  awake  and  bask  in  its  rays ;  the  birds 
start  from  their  slumbers,  and  fill  the  groves 
with  their  melody ;  the  flocks  and  herds  ex- 
press their  joy  in  hoarser  acclamations  ;  "  man 
goeth  forth  to  his  work  and  to  his  labour;" 
all  nature  smiles,  and  "  the  hills  rejoice  on 
every  side.^*  Without  the  influence  of  this 
august  luminary,  a  universal  gloom  would  en- 
sue, and  surrounding  worlds,  with  all  their 
trains  of  satellites,  would  be  shrouded  in  per- 
67 


petual  darkness.  This  earth  would  become  a 
lifeless  mass,  a  dreary  waste,  a  rude  lump  of 
inactive  matter,  without  beauty  or  order.  No 
longer  should  we  behold  the  meadows  clothed 
with  verdure,  the  flowers  shedding  their  per- 
fumes, or  "the  valleys  covered  with  corn." 
The  feathered  songsters  would  no  .enger 
chant  their  melodious  notes ;  all  human  acti- 
vity would  cease ;  universal  silence  would 
reign  undisturbed,  and  this  huge  globe  of  land 
and  water  would  return  to  its  original  chaos. 

Hence  it  appears  that  there  is  a  sufficient 
reason  for  the  creation  of  this  pow^erful  lumi- 
nary, although  no  sensitive  or  intelhgent 
beings  of  any  description  were  placed  on  its 
surface.  But,  at  the  same  time,  when  we 
consider  the  infinite  wisdom  and  intelligence 
of  the  Divine  mind,  and  that  the  thoughts  and 
the  ways  of  God  as  far  surpass  the  thoughts  of 
man  as  the  heavens  in  height  surpass  the  earth ; 
when  we  consider  that  animated  beings  on 
our  own  globe  are  found  in  situations  where 
we  should  never  have  expected  them ;  that 
every  puddle  and  marsh,  and  almost  every 
drop  of  water,  is  crovv'ded  with  living  beings ; 
and  that  even  the  very  viscera  in  the  larger 
animals  can  afford  accommodation  for  sentient 
existence,  it  would  be  presumptuous  in  man 
to  affirm  that  the  Creator  has  not  placed  in- 
numerable orders  of  sentient  and  intelligent 
beings,  with  senses  and  constitutions  accom 
modated  to  their  situations,  throughout  the 
expansive  regions  of  the  sun. 

It  has  been  a  question  which  has  exercised 
the  attention  of  some  astronomers,  whether 
the  solar  phenomena  have  any  effect  upon 
the  weather,  or  the  productiveness  of  our  sea- 
sons. Sir  W.  Herschel  was  of  opinion,  that 
when  the  corrugations  and  openings  of  the 
solar  atmosphere  are  numerous,  the  heat  emit- 
ted by  the  sun  must  be  proportionably  in- 
creased, and  that  this  augmentation  must  be 
perceptible  by  its  effects  on  vegetation ;  and, 
by  comparing  the  solar  appearances  as  given 
by  La  Lande  with  the  table  of  the  price  of 
wheat  in  Smith's  "  Wealth  of  Nations,"  he 
obtained  results  which  he  considered  as  fa- 
vourable to  his  hypothesis.  But  it  is  evident 
that  we  are  not  yet  in  possession  of  such  a 
series  of  facts  in  relation  to  this  subject  as 
will  warrant  us  to  draw  any  general  conclu- 
sions. Besides,  we  know  too  little  of  the 
construction  of  the  sun,  and  the  nature  of 
those  processes  which  are  going  on  in  its 
atmosphere,  to  be  able  to  determine  the  pro- 
portion of  light  and  heat  which  particular 
phenomena  indicate.  So  far  as  my  own  ob- 
servation goes,  I  should  be  disposed  to  adopt 
an  opposite  conclusion,  namely,  that  in  those, 
years  when  the  spots  of  the  sun  are  numerous, . 
the  seasons  are  colder  and  more  unproductive 
of  vegetation.  This  was  remarkably  the  case 
2  p  2  (449) 
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in  the  year  1816,  when  the  solar  spots  were 
extremely  numerous,  and  when  the  harvest 
was  so  late  and  scanty  that  the  price  of  all 
kinds  of  grain  was  more  than  double  what  it 
had  been  before  or  what  it  has  been  since. 
The  year  1836,  and  the  present  year,  1837, 
afford  similar  examples  ;  for,  during  eighteen 
months  past,  the  solar  spots  have  been  more 
jiumerous  than  in  any  other  period  in  my  re- 
collection ;  and  the  cold  of  the  summer  and 
harvest  of  1836,  and  of  the  winter  and  spring 
of  1837,  and  its  unfavourable  effects  on  vege- 
tation, were  greater  than  what  had  been  expe- 
rienced for  more  than  twenty  years  before. 
But  on  this  point  we  are  not  yet  warranted 
to  draw  any  positive  conclusions.  Before  we 
can  trace  any  general  connexion  between  the 
solar  spots  and  the  temperature  and  vegeta- 
tion of  our  globe  in  any  particular  season,  we 
must  endeavour  to  ascertain  the  effects  pro- 
duced on  vegetation  not  only  in  two  or  three 
particular  countries  which  lie  adjacent  to 
each  other,  but  over  all  the  regions  of  the 
earth.  It  may  be  proper  to  direct  our  future 
observations  to  this  point,  as  they  might  pro- 
bably lead  to  some  important  results ;  but  a 
«X)nsiderable  period  behooved  to  elapse  before 
we  could  be  warranted  to  deduce  any  definite 
conclusions. 

Whether  the  sun  has  a  progressive  motion 
in  absolute  space  is  another  question  which 
has  engaged  the  attention  of  astronomers.  If 
the  sun  have  such  a  motion  directed  to  any 
quarter  of  the  heavens,  the  stars  in  that  quar- 
ter must  apparently  recede  from  each  other, 
while  those  in  the  opposite  region  will  seem 
gradually  to  approach.  Sir  W.  Herschel  ionnd 
that  the  apparent  proper  motion  of  forty-four 
stars  out  of  fifty-six  are  very  nearly  in  the 
direction  which  should  result  from  a  motion 
of  the  sun  towards  the  constellation  Hercules, 
or  to  a  point  of  the  heavens  whose  right  ascen- 
sion is  250°  52|',  and  north  declination  49° 
38'.  "No  one,"  says  Sir  John  Herschel, 
**  who  reflects  with  due  attention  on  the  sub- 
ject, will  be  inclined  to  deny  the  high  proba- 
bility, nay,  certainty^  that  the  sun  has  a  proper 
motion  in  some  direction."  But  it  appears  to 
he  yet  undetermined  by  modern  astronomers 
to  what  point  in  the  heavens  this  motion  is 
directed,  and  whether  it  be  in  a  straight  line 
or  in  a  portion  of  the  circumference  of  an  im- 
mense circle.  If  the  sun,  then,  has  a  proper 
motion  in  space,  all  the  planetary  bodies  and 
tlieir  satellites,  along  with  the  comets,  must 
partake  of  it ;  so  that,  besides  their  own  pro- 
per motions  around  this  luminary,  they  are 
fifcewise  carried  along  with  the  sun  through 
tile  depths  of  infinite  space  with  a  velocity 
perhaps  as  great  as  that  with  which  they  are 
carried  round  in  their  orbits.  Our  earth  will 
Mj&srefore  partake  of  three  motions  :  one  round 


its  axis,  another  round  the  sun,  and  a  third  iirs 
the  direction  in  which  the  sun  is  moving , 
and,  consequently,  it  is  probable  that  we  shall 
never  again  ocrapy  that  portion  of  absolute 
space  through  which  we  are  now  passing 
throughout  all  the  succeeding  periods  of  eter- 
nity. 

The  Zodiacal  Light. — The  zodiacal  light 
is  a  phenomenon  which  has  been  generally 
considered  as  connected  with  the  sun.  The 
light  appears  to  have  been  noticed  by  Mr.  Chil- 
drey  about  the  year  1660;  but  it  was  after- 
ward more  particularly  noticed  and  described 
by  Cassini  in  the  spring  of  1083,  which  was 
the  first  time  he  had  seen  it,  and  he  observed 
it  for  about  eight  days.  It  appears  generally 
in  a  conical  form,  having  its  base  directed  to- 
wards the  body  of  the  sun  and  its  point  towards 
some  star  in  the  zodiac.  Its  light  is  like  the 
milky  way,  or  that  of  the  faint  twilight,  or  the 
tail  of  a  comet,"  thin  enough  to  let  the  stars  be 
seen  through  it,  and  seems  to  surround  the 
sun  in  the  form  of  a  lens,  the  plane  of  which 
is  nearly  coincident  with  the  plane  of  the  sun's 
equator.  The  apparent  angular  distance  of 
its  vertex  from  the  sun  varies  from  40  to  90 
degrees,  and  the  breadth  of  its  base,  perpendi- 
cular to  its  axis,  from  8  to  30  degrees.  It  is 
supposed  to  extend  beyond  the  orbit  of  Mer- 
cury, and  even  as  far  as  that  of  Venus,  but 
never  so  far  as  the  orbit  of  the  earth.  This 
light  is  weaker  in  the  morning  when  day  is 
coming  on  than  at  night  when  darkness  is  in- 
creasing, and  it  disappears  in  full  moonlight 
or  in  strong  twilight.  In  north  latitudes  it  is 
most  conspicuous  after  the  evening  twilight 
about  the  end  of  February  and  the  beginning 
of  March  ;  and  before  the  appearing  of  the 
morning  twilight,  about  the  beginning  of  Oc- 
tober ;  for  at  those  times  it  stands  most  erect 
above  the  horizon,  and  is  therefore  furthest 
removed  from  the  thick  vapours  and  the  twi- 
light. About  the  time  of  the  winter  solstice 
it  may  likewise  be  seen  in  the  mornings  ;  but 
it  is  seldom  perceptible  in  summer  on  account 
of  the  long  twilights.  It  is  more  easily  and 
more  freqently  perceived  in  tropical  climates, 
and  particularly  near  the  equator,  than  in  our 
country,  because  in  those  parts  the  obliquity 
of  the  equator  and  zodiac  to  the  horizon  is 
less,  and  because  the  duration  of  twilight  is 
much  shorter.  Humboldt  observed  this  light 
at  Caraccas  on  the  18tb  ef  January,  afler 
se\(in  o^clock  in  the  evening.  The  point  of 
the  pyramid  was  at  the  height  of  53  degrees  ; 
and  the  light  totally  disappeared  about  half 
past  nine,  about  3 J  hours  after  sunset,  without 
any  diminution  in  the  serenity  of  the  sky.  On 
the  15th  of  February  it  disappeared  2  hours 
and  50  minutes  after  sunset,  and  the  altitude 
of  the  pyramid  on  both  these  occasions  was  50 
degrees.  The  following  figure  exhibits  a  view 
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of  this  phenomenon  as  it  is  seen  about  the  be- 
ginning^ of  Marcn,  at  seven  o'clock  in  the  even- 
Fig.  77. 


ing,  when  the  twilight  is  ending,  and  the 
equinoctial  point  in  the  horizon.  A  B  repre- 
sents the  horizon ;  C  D  the  base  of  the  lumi- 
nous triangle ;  and  Eits  apex,  pointing  towards 
the  Pleiades  or  the  star  Aldebaran,  its  axis 
forming  an  angle  of  between  60  and  70  de- 
grees with  the  horizon. 

Various  opinions  have  been  entertained  as 
to  the  cause  of  this  phenomenon ;  but  as  it 


uniformly  accompanies  the  sun,  it  has  been 
generally  ascribed  to  an  atmosphere  of  im- 
mense extent  surrounding  that  luminary,  and 
extending  beyond  the  orbit  of  Mercury.  Ac- 
cording to  this  opinion,  the  zodiacal  light  is 
considered  as  a  section  of  this  atmosphere ; 
but  this  opinion  now  appears  extremely  du- 
bious. Professor  Olmsted,  of  Yale  ■  College, 
the  celebrated  Arago,  Biot,  and  others,  arc 
now  disposed  to  identify  this  phenomenon 
with  the  cause  that  produces  the  "  November 
Meteors,"  or  shooting  stars,  which  have,  of 
late,  excited  so  great  a  degree  of  public  atten- 
tion. It  appears  highly  probable  that  these 
meteors  derive  their  origin  from  a  nebulous 
body  which  revolves  round  the  sun,  and  which, 
in  certain  parts  of  its  course,  comes  very  near 
the  orbit  of  the  earth,  so  as  to  be  within  its 
attractive  power ;  and  if  such  a  body  be  the 
source  whence  these  meteors  proceed,  it  may 
also  account  for  the  phenomena  of  the  zodi- 
acal light.  The  subject  is  worthy  of  particular 
attention,  and  future  observations  may  not 
only  throw  light  on  this  particular  phenome- 
non, but  open  to  our  view  a  species  of  celestial 
bodies  with  which  we  were  formerly  unac- 
quainted. 


CHAPTER  IV, 

On  the  secondary  Planets  or  Moons, 


HATTiirG,  in  the  preceding  chapter,  given  a 
detailed  account  of  the  phenomena  connected 
with  the  sun  and  the  primary  planets  of  our 
system,  I  shall  now  proceed  to  a  brief  descrip- 
tion of  what  is  known  in  reference  to  the  sa- 
tellites or  moons  which  accompany  several  of 
the  primary  planets. 

A  secondary  planet  or  satellite  is  a  body 
which  revolves  around  a  primary  planet  as 
the  centre  of  its  motion,  and  which  is  at  the 
same  time  carried  along  with  its  primary  round 
the  sun.  The  satellites  form  a  system,  in  con- 
nection with  their  primaries,  similar  to  that 
which  the  planets  form  in  connexion  with  the 
sun.  They  revolve  at  different  distances  from 
their  primaries  ;  they  are  regulated  according 
to  the  laws  of  Kepler  formerly  alluded  to ;  their 
orbits  are  circles  or  ellipses  of  very  moderate 
eccentricity;  in  their  motions  around  their 
primaries  they  describe  areas  very  nearly  pro- 
portional to  the  times ;  and  the  squares  of  the 
periodical  times  of  all  the  satellites  belonging 
to  each  planet  are  in  proportion  to  each  other 
as  the  cubes  of  their  distances,  (see  page  27.) 
The  planets  around  which  satellites  have  been 
discovered  are,  the  earth,  Jupiter,  Saturn,  and 
Uranus.     Of  the  satellites  belonging  to  these 


bodies  I  shall  present  a  brief  sketch  in  the 
order  in  which  they  are  here  mentioned. 

1.  OF  THT.  earth's  SATELLITE,  OR  THE  MOOH. 

Before  proceeding  to  a  particular  descrip- 
tion of  this  nocturnal  luminary,  I  shall  present 
a  brief  sketch  of  its  apparent  motions. 

The  moon,  like  all  the  other  celestial  bodies, 
appears  daily  to  rise  in  an  easterly  direction, 
and  to  set  in  the  western  parts  of  the  horizon. 
Its  apparent  motion  in  this  respect  is  similar 
to  that  of  the  sun,  formerly  described,  and  is 
owing  to  the  diurnal  motion  of  the  earth.  Its 
real  motion  round  the  earth  is  in  a  contrary 
direction,  namely,  from  west  to  east,  or  in  the 
same  direction  in  which  all  the  planets  move 
round  the  sun.  This  motion  may  be  traced 
every  lunation,  but  more  distinctly  during  the 
spring  months,  when  the  moon,  in  the  iSrst 
quarter,  appears  in  a  high  degree  of  north 
declination,  and  when  its  crescent  is  some- 
times visible  within  thirty-six  hours  of  th« 
change.  About  this  period,  on  the  second  or 
third  day  of  the^  moon's  age,  it  will  be  seen  in 
the  west  after  sunset  at  a  small  elevation  above 
the  horizon,  and   exhibiting  the   form  of  a 
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slender  crescent.  On  the  next  evening  it 
will  appear  at  a  still  higher  elevation  at  the 
same  hour,  having  moved  about  thirty  degrees 
further  to  the  east,  and  its  crescent  will  appear 
somewhat  larger.  Every  succeeding  day  it 
will  appear  at  a  greater  elevation,  and  further 
to  the  east  than  before,  and  its  crescent  will 
appear  larger,  till  about  the  seventh  or  eighth 
day,  when  it  will  be  seen  in  the  south  when 
the  sun  is  setting  in  the  west,  at  which  time 
it  assumes  the  appearance  of  a  semicircle,  or 
half  moon.  During  this  period  the  horns  of 
the  crescent  point  towards  the  east,  the  en- 
lightened part  of  the  lunar  disk  bemg  turned 
towards  the  sun.  After  the  first  quarter,  or 
the  period  of  half  moon,  the  lunar  orb  still 
keeps  on  its  course  to  the  eastward,  and  the 
portion  of  its  enlightened  disk  is  gradually 
enlarged,  till  about  the  fifteenth  day  of  the 
moon's  age,  when  it  appears  as  a  full  en- 
lightened hemisphere,  and  rises  in  the  east 
about  the  time  when  the  sun  is  setting  in  tbe 
west.  In  this  position  it  is  said  to  be  in  oppo- 
sition to  the  sun,  and  passes  the  meridian 
about  midnight.  After  this  period  the  enlight- 
ened part  of  its  disk  gradually  diminishes,  and 
it  rises  at  a  late  hour,  till,  in  the  course  of 
seven  days,  it  is  again  reduced  to  a  semicircle, 
and  is  seen  only  during  one  half  of  the  night. 
Some  nights  after  it  appears  reduced  to  a 
crescent,  having  its  points  or  horns  turned 
towards  the  west,  the  sun  being  then  to  the 
east  of  it.  After  this  it  rises  but  a  little  time 
before  the  sun,  and  is  seen  only  early  in  the 
morning;  and  its  crescent  daily  diminishes 
till  it  at  length  disappears,  when  it  rises  at 
the  same  time  with  the  sun;  and  after  having 
been  invisible  for  two  or  three  days,  it  reap- 
pears in  the  evening  in  the  west  a  little  after 
sunset.  During  this  period  the  moon  has 
made  a  complete  circuit  round  the  heavens 
from  west  to  east,  which  is  accomplished  in 
twenty-nine  days  and  a  half,  in  which  period 
it  passes  through  all  the  phases  now  described. 
The  progressive  motion  from  west  to  east, 
every  day,  may  be  traced  by  observing  the 
stars  which  lie  nearly  in  the  line  of  the  moon's 
course.  If  a  star  be  observed  considerably  to 
the  eastward  of  the  moon  on  any  particular 
evening,  on  the  following  evening  it  will 
appear  about  thirteen  degrees  nearer  the  star, 
and  will  afterward  pass  to  the  eastward  of 
it,  and  every  succeeding  day  will  approach 
nearer  to  all  the  other  stars  which  lie  near 
the  line  of  its  course  to  the  eastward.  The 
reason  why  the  moon  appears  under  the  differ- 
ent phases  now  described  will  appear  from 
the  following  figure. 

In  this  diagram  S  represents  the  sun;  E 

the  earth;  and  M,  A,  B,  CD,  Fy  G,  H, 

the  rnoon  in  different  positions  in  ils  orbit 

round  the  earth.    When  the  moon  is  at  M, 

(452) 


as  seen  from  the  earth,  her  dark  side  is  com 
pletely  turned  to  the  earth ;  and  she  is  conse- 
quently invisible,  as  at  /,  being  nearly  in  ths 

Fig.  78. 


same  part  of  the  heavens  with  the  sun.  She 
is  in  this  position  at  the  period  termed  new 
moon,  when  she  is  also  said  to  be  in  conjunct 
tion  with  the  sun.  When  she  has  moved 
from  /If  to  ^  a  small  part  of  her  enlightened 
hemisphere  is  turned  towards  the  earth,  when 
she  appears  in  the  form  of  a  crescent,  as  at  K, 
In  moving  from  A  io  B  d^  larger  portion  of  her 
enlightened  hemisphere  is  gradually  turned 
towards  the  earth;  and  when  she  arrives  at  3 
the  one  half  of  her  enlightened  hemisphere  is 
turned  to  the  earth,  and  she  assumes  the  figure 
of  a  half  moon,  as  at  L.  When  arrived  at  C 
she  appears  under  what  is  called  a  gibbous 
phase,  as  at  iV,  more  than  one  half  of  her 
enlightened  disk  being  turned  to  the  earth. 
At  D  her  whole  enlightened  hemisphere  is 
turned  to  our  view,  and  she  appears  a  full 
moon,  as  at  0.  After  this  period  she  again 
decreases,  turning  every  day  less  and  less  of 
her  enlightened  hemisphere  to  the  earth,  so 
that  at  F  she  appears  as  at  P ;  at  G  a  half 
moon  on  the  decline,  as  at  Q ;  at  /f  a  crescent, 
as  at  ii  ;  and  at  M  she  is  again  in  conjunction 
with  the  sun,  when  her  dark  side  is  turned  to 
the  earth  as  before.  The  moon  passes  through 
all  these  changes  in  twenty-nine  days,  twelve 
hours,  and  forty-four  minutes,  at  an  average, 
which  is  termed  her  sy nodical  revolution. 
But  the  time  which  she  takes  in  making  one 
revolution  round  the  earth,  from  a  fixed  star 
to  the  same  again,  is  only  twenty-seven  days, 
seven  hours,  and  forty-three  minutes,  which 
is  called  hsx  periodical  revolution.    For,  alie? 
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one  revolution  is  finished,  she  has  a  small  arc 
to  describe  in  o?der  to  get  between  the  sun 
and  the  earth ;  because,  in  consequence  of  the 
earth's  motion  in  the  same  direction,  the  sun 
appears  to  be  advancing  forward  in  the  eclip- 
tic, and,  of  course,  the  moon  requires  some 
time  to  overtake  him,  after  having  finished  a 
revolution.  This  surplus  of  motion  occupies 
two  days,  five  hours,  and  one  minute,  which, 
added  to  the  periodical,  make  the  synodical 
revolution,  or  the  period  between  one  new  or 
full  moon  and  another.  This  might  be  illus- 
trated by  the  revolution  of  the  hour  and 
minute-hands  of  a  watch  or  clock.  Suppose 
the  hour-hand  to  represent  the  sun,  and  a 
complete  revolution  of  it  to  represent  a  year; 
suppose  the  minute-hand  to  represent  the 
moon,  and  its  circuit  round  the  dial-plate  a 
month,  it  is  evident  that  the  moon  or  minute- 
hand  must  go  more  than  round  the  circle 
where  it  was  last  conjoined  with  the  sun  or 
hour-hand  before  it  can  again  overtake  it.  If, 
for  example,  they  were  in  conjunction  at  12, 
the  minute-hand  or  moon  must  make  a  com- 
plete revolution  and  above  one-twelfth  before 
they  can  meet,  a  little  past  I. ;  for  the  hour- 
hand,  being  in  motion,  can  never  be  overtaken 
by  the  minute-hand  at  that  point  from  which 
they  started  at  their  last  conjunction. 

To  a  spectator  placed  on  the  lunar  surface, 
the  earth  would  every  month  exhibit  all  the 
phases  of  the  moon,  but  in  a  reverse  order 
from  what  the  moon  exhibits  to  the  earth  at 
the  same  time.  Thus  (Fig.  78,)  when  the 
moon  is  at  Z>  only  the  dark  hemisphere  of  the 
earth  is  turned  towards  the  moon,  and,  conse- 
quently, the  earth  would  be  then  invisible ;  so 
that  when  it  is  full  moon  to  us,  it  is  new  moon 
to  a  lunar  inhabitant ;  as  the  earth  will  then 
be  in  conjunction  with  the  sun,  and  nothing 
but  its  dark  hemisphere  presented  to  view. 
When  the  moon  is  at  P  a  small  portion  of 
the  enlightened  half  of  the  earth  is  turned 
towards  the  moon,  and  it  appears  as  a  crescent. 
When  she  is  at  Q  the  earth  appears  as  a  half 
moon  ;  when  at  R  a  gibbous  phase  ;  and  when 
she  is  at  7,  the  time  of  new  moon  to  us,  the 
earth  then  shines  on  the  dark  side  of  the  moon 
with  a  full  enlightened  hemisphere.  It  is 
owing  to  this  circumstance,  that  when  the 
new  moon  first  appears  like  a  slender  crescent, 
her  dark  hemisphere  is  seen  illuminated  with 
a  faint  light,  perceptible  even  to  the  naked 
eye;  and  with  the  help  of  a  telescope  we  are 
enabled,  by  this  faint  illumination,  to  distin- 
guish the  prominent  spots  on  this  portion  of 
the  lunar  disk.  This  faint  light,  therefore,  is 
nothing  else  than  the  moonlight  of  the  moon, 
produced  by  the  earth  shining  with  nearly  a 
full  face  upon  the  dark  surface  of  the  moon. 
And  as  the  surface  of  the  earth  is  thirteen 
dmes  larger  than  the  surface  of  the  moon,  the 


light  reflected  from  the  earth  will  be  nearly 
equal  to  that  of  thirteen  full  moons.  As  the 
age  of  the  moon  increases,  this  secondary  light 
is  gradually  enfeebled,  and  after  the  seventh  or 
eighth  day  from  the  change  it  is  seldom  \isible. 
This  arises  from  the  diminution  of  the  enlight>- 
ened  part  of  the  earth,  which  then  appears 
only  like  a  half  moon,  approaching  to  a  cres- 
cent, and,  consequently,  throws  a  more  feeble 
light  upon  the  moon,  which  is  the  more  diffi- 
cult to  be  perceived  as  the  enlightened  part 
of  the  moon  increases. 

Rotation  of  the  Moon, — While  the  moon 
is  performing  her  revolution  round  the  earth 
every  month,  she  is  also  gradually  revolving 
round  her  axis ;  and  it  is  somewhat  remarkable 
that  her  revolution  round  her  own  axis  is  per- 
formed in  the  same  time  as  her  revolution 
round  the  earth.     This  is  inferred  from  the 
circumstance  that  the  moon  always  turns  the 
same  face  to  the  earth,  so  that  we  never  see 
the  other  hemisphere  of  this  globe.     For  if 
the  moon  had  no  rotation  upon  an  axis,  she 
would  present  every  part  of  her  surface  to 
the  earth.     This  does  not,  at  first  sight,  appear 
obvious  to  those  who  have  never  directed  their 
attention  to  the  subject.     Any  one,  however, 
may  convince  himself  of  the  fact  by  standing 
in  the  centre  of  a  circle,  and  causing  another 
person  to  carry  round  a  terrestrial  globe,  with- 
out turning  it  on  its  axis,  when  he  will  see 
every  part  of  the  surface  of  the  globe  in  suc- 
cession ;  and  in  order  that  one   hemisphere 
only  should  be  presented  to  his  view,  he  will 
find  that  the  globe  will  require  to  be  gradually 
turned  round  its  axis,  so  as  to  make  a  com- 
plete rotation    during   the  time  it  is  carried 
round  the  circle.     The  axis  of  the  moon  is 
inclined  88°  29'  to  the  ecliptic,  so  that  it  is 
nearly   perpendicular    to   it.     Although   the 
moon   presents  nearly  the  same   side  to  the 
earth  in  all  its  revolutions  around  it,  yet  there 
is  perceived  a  certain  slight  variation  in  ^his 
respect.     When  we   look   attentively  at  the 
disk  of  the  moon  with  a  telescope,  we  some- 
times observe  the  spot's  on  her  eastern  limb, 
which  were  formerly  visible,  concealed  behind 
her  disk,  while  others  appear  on  her  wertern 
limb  which  were  not  seen  before.     The  npots 
which  appear  on  the  western  limb  withdraw 
themselves  behind  the  limb,  while  the  spots 
which  were  concealed  behind  the  eastern  limb 
again  appear.     The  same  phenomena  are  ob- 
served  in   the  north  and  south  limb  of  the 
moon,  so   that  the  spots   sometimes  change 
their  positions  about   three  minutes  on  the 
moon's  disk,  or  about  the  eleventh  part  of  her 
diameter.     This  is  termed  the  lihration  of  the 
moon,'   the  one  her  libration  in  longitude^ 
and  the  other  her  libration  in  latitude. 

From  what  we  have  stated  above  in  rela- 
tion to  the  phases  and  motions  of  the  moon, 
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it  is  evident  that  the  moon  is  a  dark  body,  like 
the  earth,  and  derives  all  its  light  from  the 
sua,  for  its  enlightened  side  is  always  turned 
towards  that  luminary.  It  likewise  derives  a 
faint  light  by  the  reflection  of  the  sun's  rays 
from  the  earth,  in  the  same  way  as  we  derive 
a  mild  light  from  the  moon.  And  as  the 
earth  has  an  uneven  surface,  composed  of 
mountains  and  vales,  so  the  moon  is  found  to 
be  diversilied  with  similar  inequalities.  It  is 
owing  to  these  inequalities,  or  the  roughness 
of  the  moon's  surface,  that  the  light  of  the  sun 
is  reflected  from  it  in  every  direction  ;  for,  if 
the  surface  of  the  moon  were  perfectly  smooth, 
like  a  polished  globe  or  speculum,  her  orb 
would  be  invisible  to  us;  except,  perhaps,  at 
certain  times,  when  the  image  of  the  sun,  re- 
flected from  it,  would  appear  like  a  bright 
lucid  point.  This  may  be  illustrated  by  the 
following  experiment.  Place  a  silver  globe, 
perfectly  polished,  about  two  inches  diameter, 
in  the  sun ;  the  rays  which  fall  upon  it  being 
reflected  variously,  according  to  their  several 
incidences,  upon  the  convex  surface,  will 
come  to  our  eye  only  from  one  point  of  the 
globe,  which  will  therefore  appear  a  small 
bright  spot,  but  the  rest  of  the  surface  will 
appear  dark.  Let  this  globe  then  be  boiled 
in  the  liquor  used  for  whitening  silver,  and 
placed  in  the  sun ;  it  will  appear  in  its  full 
dimensions  all  over  luminous;  for  the  effect 
of  that  liquor  is  to  take  off  the  smoothness  of 
the  polish,  and  make  the  surface  rough,  and 
then  every  point  of  it  will  reflect  the  rays  of 
light  in  every  direction. 

The  moon  is  nearest  to  the  earth  of  all  the 
celestial  bodies,  and  is  a  constant  attendant 
upon  it  at  all  seasons.  Her  distance  from  the 
centre  of  the  earth  is,  in  round  numbers,  240,- 
000  miles,  or  somewhat  less  than  a  quarter  of 
a  million ;  which  is  little  more  than  the  fourth 
part  of  the  diameter  of  the  sun.  Small  as 
this  distance  is  compared  with  that  of  the 
other  planets,  it  would  require  five  hundred 
days,  or  sixteen  months  and  a  half,  for  a 
steam-carriage  to  move  over  the  interval  which 
separates  us  from  the  lunar  orb,  although  it 
were  moving  day  and  night  at  the  rate  of 
twenty  miles  every  hour.  In  her  motion 
round  the  earth  every  month,  she  pursues  her 
course  at  the  rate  of  2300  miles  an  hour. 
But  she  is  carried  at  the  same  time,  along 
with  the  earth,  round  the  sun  every  year,  so 
that  her  real  motion  in  space  is  much  more 
rapid  than  what  has  now  been  stated ;  or 
while  she  accompanies  the  earth  in  its  motion 
round  the  sun,  which  is  at  the  rate  of  68,000 
miles  an  hour,  she  also  moves  thirteen  times 
found  the  earth  during  the  same  period,  which 
is  equal  to  a  course  of  nearly  twenty  millions 
of  miles. 

The  moon's  orbit  is  inchned  to  the  ecliptic 
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in  an  angle  of  5°  9' ;  so  that,  in  one  part  of 
her  course,  she  is  above,  and  in  another  below 
the  level  of  the  earth's  orbit.  It  is  owing  to 
this  circumstance  that  this  orb  is  not  eclipsed 
at  every  full  moon  and  the  sun  at  eyeiy  new 
moon,  which  would  regularly  happen  did  the 
moon  move  in  an  orbit  exactly  coincident 
with  the  plane  of  the  ecliptic.  The  moon's 
orbit,  of  course,  crosses  the  orbit  of  the  earth 
in  two  opposite  points,  called  her  nodes ,-  and 
it  is  only  when  the  new  or  full  moon  happens 
at  or  near  these  nodes  that  an  eclipse  of  the 
sun  or  moon  can  take  place ;  for  it  is  only 
when  she  is  in  such  a  position  that  the  sun^ 
the  moon,  and  the  earth  are  nearly  in  a 
straight  line,  and  that  the  shadow  of  the  one 
can  fall  upon  the  other.  The  shadow  of  the 
moon  falling  upon  any  part  of  the  earth  pro- 
duces an  eclipse  of  the  sun,  and  the  shadow 
of  the  earth  falling  upon  the  moon  causes  an 
eclipse  of  the  moon.  An  eclipse  of  the  moon 
can  only  take  place  at  full  moon,  when  the 
earth  is  between  the  sun  and  the  moon ;  and 
an  eclipse  of  the  sun  can  only  happen  at  new 
moon,  when  the  moon  comes  between  the  sun 
and  the  earth.  Lunar  eclipses  are  visible  in 
all  parts  of  the  earth  which  have  the  moon 
above  their  horizon,  and  are  every  where  of 
the  same  magnitude  and  duration  ;  but  a  solar 
eclipse  is  never  seen  throughout  the  whole 
hemisphere  of  the  earth  where  the  sun  is 
visible;  as  the  moon's  disk  is  too  small  to 
hide  the  whole,  or  any  part  of  the  sun  from 
the  whole  disk  or  hemisphere  of  the  earth. 
Nor  does  an  eclipse  of  the  sun  appear  the 
same  in  all  parts  of  the  earth  where  it  is 
visible,  but  when  in  one  place  it  is  total,  in 
another  it  is  only  partial. 

The  moon's  orbit,  like  those  of  the  othef 
planets,  is  in  the  form  of  an  ellipse,  the  eccen-* 
tricity  of  which  is  12,960  miles,  or  about 
1-37  part  of  its  longest  diameter.  The  moon 
is,  therefore,  at  different  distances  from  the 
earth  in  different  parts  of  her  orbit.  When 
at  the  greatest  distance  from  the  earth,  she  is 
said  to  be  in  her  apogee ,-  when  at  the  least 
distance,  in  her  perigee.  The  nearer  the 
moon  is  to  the  periods  of  full  or  change,  the 
greater  is  her  velocity ;  and  the  nearer  to  the 
quadratures,  or  the  periods  of  half  moon,  the 
slower  she  moves.  When  the  earth  is  in  its 
perihelion,  or  nearest  the  sun,  the  periodical 
time  of  the  moon  is  the  greatest.  The  earth 
is  at  its  perihelion  in  winter,  and,  conse- 
quenly,  at  that  time  the  moon  will  describe 
the  largest  circle  about  the  earth,  and  her 
periodical  time  will  be  the  longest ;  but  when 
the  earth  is  in  its  aphelion,  or  furthest  from 
the  sun,  which  happens  in  summer,  she  will 
describe  a  smaller  circle,  and  her  periodical 
time  will  be  the  least,  all  which  circumstanc  es 
are  found  to  agree  with  observation.     Thesj© 
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Mid  many  other  irregularities  in  the  motion 
of  this  orb,  which  it  would  be  too  tedious  to 
particularize,  arise  from  the  attractive  influ- 
ence of  the  sun  upon  the  lunar  orb  in  dif- 
ferent circumstances  and  in  different  parts  of 
its  course,  so  as  to  produce  different  degrees 
of  accelerated  and  retarded  motion.  The 
irregularities  of  the  moon's  motion  have  fre- 
(juently  puzzled  astronomers  and  mathemati- 
cians, and  they  render  the  calculations  of  her 
true  place  in  the  heavens  a  work  of  consi- 
derable labour.  No  less  than  thirty  equations 
require  to  be  applied  to  Hie  mean  longitude 
in  order  to  obtain  the  truf-.  and  about  twenty- 
four  equations  for  her  latitude  and  parallax ; 
but  to  enter  minutely  into  such  particulars 
would  afford  little  satisfaction  to  general 
readers. 

Description  of  the  surface  of  the  Moon,  as 
seen  through  telescopes. — Of  all  the  celestial 
bodies,  the  telescopic  view  of  the  moon  pre- 
sents the  most  interesting  and  variegated  ap- 
pearance. We  perceive,  as  it  were,  a  map  or 
model  of  another  world,  resembling  in  some 
of  its  prominent  features  the  world  in  which 
we  dwell,  but  differing  from  it  in  many  of  its 
minute  arrangements.  It  bears  a  certain  ana- 
logy to  the  earth  in  some  of  the  mountains 
and  vales  which  diversify  its  surface ;  but  the 
general  form  and  arrangement  of  these  eleva- 
tions and  depressions,  and  the  scenery  they 
present  to  a  spectator  on  the  lunar  surface, 
are  very  different  from  what  we  behold  in  our 
terrestrial  landscapes.  When  we  view  the 
moon  with  a  good  telescope  when  about  three 
days  old,  we  perceive  a  number  of  elliptical 
spots  with  slight  shadows,  evidently  indicating 
elevations  and  depressions ;  we  also  perceive 
a  number  of  bright  specks  or  studs  in  the 
dark  hemisphere,  immediately  adjacent  to  the 
enlightened  crescent,  and  the  boundary  be- 
tween the  dark  and  the  enlightened  portion 
of  the  disk  appears  jagged  and  uneven.  At 
this  time,  too,  we  perceive  the  dark  part  of 
the  moon  covered  with  a  faint  light ;  so  that 
the  whole  circular  outline  of  the  lunar  hemi- 
sphere may  be  plainly  discerned.  When  we 
take  a  view  of  the  lunar  surface,  at  the  period 
of  half  moon,  we  behold  a  greater  variety  of 
objects,  and  the  shadows  of  the  mountains 
and  caverns  appear  larger  and  more  promi- 
nent. This  is,  on  the  whole,  the  best  time 
for  taking  a  telescopic  view  of  the  surface  of 
the  moon.  When  we  view  her  when  ad- 
vanced to  a  gibbous  phase,  we  see  a  still 
greater  extent  of  the  surface,  but  the  shadows 
of  the  different  objects  are  shorter  and  less 
distinct.  At  the  time  of  full  moon,  no  sha- 
dows either  of  the  mountains  or  caverns  are 
perceptible,  but  a  variety  of  dark  and  bright 
streaks  and  patches  appear  distributed  in  dif- 
ferent shapes  over  all  its  surface.     If  we  had 


no  other  view  of  the  moon  but  at  this  period, 
we  should  scarcely  be  able  to  determine  who 
ther  mountains  and  vales  existed  on  this  orb. 
The  view  of  the  full  moon,  therefore,  how- 
ever beautiful  and  variegated,  can  give  us  no 
accurate  idea  of  the  mountains,  vales,  caverns, 
and  other  geographical  arrangements  which 
diversify  its  surface. 

Lunar  Mountains. — That  the  surfice  of 
the  moon  is  diversified  with  movm tains  or  high 
elevations,  is  evident  from  an  inspection  of  its 
disk,  even  with  a  common  telescope.  They 
are  recognized  from  various  circumstances 
1.  From  the  appearance  of  the  boundary 
which  separates  the  dark  from  the  enlightened 
hemisphere  of  the  moon.  This  boundary  is 
not  a  straight  line  or  a  regular  curve,  as  it 
would  be  if  the  moon  were  a  perfectly  smooth 
globe,  but  uniformly  presents  an  uneven  or 
jagged  appearance,  cut,  as  it  were,  into  nume- 
rous notches  and  breaks  somewhat  resembling 
the  teeth  of  a  saw,  which  appearance  can 
only  be  produced  by  elevations  and  depres- 
sions on  the  lunar  surface  (Fig.  79.>     2.  Ad 

Fig.  79. 


jacent  to  the  boundary  between   light  aad 
darkness,   and  vjithin   the   dark  part  of  the 
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moon,  there  are  seen,  in  almOvSt  every  stage  of 
the  moon's  Ficrease  and  decrease,  a  number 
of  shining  pohds  like 
Fig.  80.  stars,  completely  sepa- 

rated from  the  enlight- 
ened partSj  and  some- 
times other  small 
spaces  or  streaks 
which  join  to  the  en- 
lightened surface,  but 
run  out  into  the  darli: 
side,  which  gradually 
change  their  figure 
till  at  length  they 
come  wholly  with- 
in the  enlightened 
boundary.  These  shining  points  or  streaks 
are  ascertained  to  be  the  tops  or  highest 
ridges  of  mountains  which  the  sun  first 
enlightens   before   his    rays    can   reach    the 

Fig.  81. 


Fig.  82. 


valleys  ;  just  as  the  beams  of  the  rising  sun 
irradiate  our  mountain  tops  before  the  lower 
parts  of  the  landscape  are  enlightened.  3.  The 
shadows  of  the  mountains,  when  they  are  fully 
enlightened,  are  distinctly 
seen  near  the  border  of  the 
illuminated  part  of  the 
moon,  as  the  shadows  of 
elevated  objects  are  seen 
on  the  terrestrial  land- 
scape. These  shadows  are 
longest  and  most  distinctly 
marked  about  the  time  of 
half  moon  ;  and  they  grow 
shorter  as  the  lunar  orb  ad- 
vances to  the  period  of  full 
moon,  in  the  same  way  as 
the  shadows  of  terrestrial  objects  in  summer 
gradually  shorten  as  the  sun  approaches  the 
meridian.  These  considerations  demonstrate, 
beyond  the  possibility  of  doubt,  that  mountains 
oi  very  considerable  altitude  and  in  vast  va- 
:iety  of  forms  abound  in  almost  every  region 
of  the  moon, 
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The  lunar  mountains  in  general  exhibit  ar. 
arrangement  and  an  aspect  very  different  from 
the  mountain  scenery  of  our  globe.  They 
may  be  arranged  into  the  four  following  va- 
rieties: 1.  Insulated  mountains,  wUich  rise 
from  plains  nearly  level,  like  a  sugar  loaf 
placed  on  a  table,  and  which  may  be  supposed 
to  present  an  appearance  somewhat  similar  to 
Mount  Etna  or  the  peak  of  Teneriffe.  Tiie 
shadows  of  these  mountains,  in  certain  phases 
of  the  moon,  are  as  distinctly  perceived  as  the 
shadow  of  an  upright  staff  when  placed  oppo- 
site to  the  sun  ;  and  their  heights  can  be  cal- 
culated from  the  length  of  their  shadows.  The 
heights  and  the  length  of  the  base  of  more 
than  seventy  of  these  mountains  have  been 
calculated  by  M.  Schroeter,  who  had  long  sur- 
veyed the  lunar  face  with  powerful  telescopes, 
and  who  some  time  ago  published  the  result 
of  his  observations  in  a  work  entitled  "  Frag- 
ments of  Selenography."  Thirty  of  these  in- 
sulated mountains  are  from  2  to  5  miles  in 
perpendicular  height;  thirteen  are  above  4 
miles  ;  and  about  forty  are  from  a  quarter  of  a 
mile  to  two  miles  in  altitude.  The  length  of 
their  bases  varies  from  3^  to  96  miles  in  ex- 
tent. Some  of  these  mountains  will  present 
a  very  grand  and  picturesque  prospect  around 
the  plains  in  which  they  stand.  2.  Manges 
of  mountains,  extending  in  length  two  or 
three  hundred  miles.  These  ranges  bear  a 
distant  resemblance  to  our  Alps,  Apennines, 
and  Andes,  but  they  are  much  less  in  extent, 
and  do  not  form  a  very  prominent  feature  of 
the  lunar  surface.  Some  of  them  appear  very 
rugged  and  precipitous,  and  the  highest  ranges 
are,  in  some  places,  above  four  miles  in  per- 
pendicular altitude.  Li  some  instances  they 
run  nearly  in  a  straight  line  from  north-east  to 
south-west,  as  in  that  range  called  the  Apen- 
nines ,'  in  other  cases  they  assume  the  form 
of  a  semicircle  or  a  crescent.  3.  Another 
class  of  the  lunar  mountains  is  the  circular 
ranges  which  appear  Kin  almost  every  part  of 
the  moon's  surface,  particularly  in  its  southern 
regions.  This  is  one  of  the  grand  peculiarities 
of  the  lunar  ranges,  to  which  we  have  nothing 
similar  in  our  terrestrial  arrangements.  A 
plain,  and  sometimes  a  large  cavity,  is  sur- 
rounded with  a  circular  ridge  of  mountains, 
which  encompasses  it  hke  a  mighty  rampart. 
These  annidar  ridges  and  plains  are  of  all  di- 
mensions, from  a  mile  to  forty  or  fift}  miles  in 
diamete ',  and  are  to  be  seen  in  great  numbers 
over  every  region  of  the  moon's  surface.  The 
mountains  which  form  these  ridges  are  of  dif- 
ferent elevations,  from  one  fifth  of  a  mile  to  3^ 
miles  in  altitude,  and  their  shadows  sometimea 
cover  the  one  half  of  the  plain.  These  plains 
are  sometimes  on  a  level  with  the  general  sur- 
face of  the  moon,  and  in  other  cases  they  are 
sunk  a  mile  or  more  below  the  level  of  the 
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fi:round  which  surrounds  the  exterior  circle  of 
the  mountains.  In  some  of  these  circular 
ridges  i  have  perceived  a  narrow  pass  or  open- 
ing, as  if  intended  to  form  an  easy  passage  or 
communication  between  the  interior  plain  and 
the  regions  beyond  the  exterior  of  the  moun- 
tains. 4.  The  next  variety  is  the  central 
mountains,  or  those  which  are  placed  in  the 
middle  of  circular  plains.  In  many  oi  the 
plains  and  cavitic.3  surrounded  by  annular 
mountains  thei-e  is  an  insulated  mountain, 
which  rises  from  the  centre  of  the  plain,  and 
whose  shadow  sometimes  extends,  in  a  pyra- 
midal form,  across  the  semidiameter  of  the 
plain  to  the  opposite  ridges.  These  central 
mountains  are  generally  from  half  a  mile  to  a 
mile  and  a  half  in  perpendicular  altitude.  In 
some  instances  they  have  two  and  sometimes 
three  separate  tops,  whose  distinct  shadows 
can  be  easily  distinguished.  Sometimes  they 
are  situated  towards  one  side  of  the  plain  or 
cavity,  but,  in  the  great  majority  of  instances, 
their  position  is  nearly  or  exactly  central.  The 
lengths  of  their  bases  vary  from  five  to  about 
fifteen  or  sixteen  miles. 

The  preceding  figures  may  perhaps  convey 
a  rude  idea  of  some  of  the  objects  now  de- 
Fig.  83. 
Nortli, 


would  require  to  be  ^-ngraved  on  a  much  more 
extensive  scale  than  our  page  admits  to  show 
distinctly  the  elevations  and  depressions  at 
the  boundary  between  light  and  darkness. 
Fig.  85  (Nos.  1  and  2)  represent  some  de- 
tached spots  near  the  line  which  separated 
the  dark  and  enlightened  parts  of  the  Jiioon. 
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scribed  ;  but  it  is  impossible,  by  any  delinea- 
tions, to  convey  an  itiea  of  the  peculiarities 
and  the  vast  variety  of  scenery  which  the 
lunar  surface  presents,  such  as  is  exhibited 
by  a  powerful  telescope  during  the  differ- 
ent stages  of  the  increase  and  decrease  of  the 
moon. 

Fig.  79  represents  the  moon  in  a  crescent 
phase,  for  the  purpose  of  showing  how  the 
enlightened  tops  of  the  mountains  appear  on 
the  dark  part  of  the  moon,  detached  as  it 
were  from  the  enlightened  part,  and  likewise 
to  show  how  the  boundary  between  the  light 
and  darkness  appears  jagged  and  uneven^ 
indicating  the  existence  of  elevations  and 
depressions  upon  its  surface.  Fig.  80  repre- 
sents a  circular  or  elli})tical  range  of  moun- 
tains, surrounding  a  plain  of  the  same  shape, 
where  the  shadow  of  that  side  of  the  range 
which  is  opposite  to  the  sun  appears  covering 
the  half  of  the  plain.  Fig.  81  represents  a 
circular  plain,  with  tbe  shadow  of  one  side 
of  the  mountains  which  encompass  it,  and  a 
central  mountain  with  its  shadow  in  the  same 
direction.  Fig.  82  exhibits  another  of  these 
circular  ridges  and  plains.  Several  hundreds 
of  these  circular  cavities  and  plains  are  dis- 
tributed over  the  lunar  surface, 
but  they  are  most  abundant  in  the 
southern  regions. 

Fig.  83  exhibits  a  pretty  correct 
view  of  the  full  moon,  as  seen 
through  a  telescope  magnifying 
above  a  hundred  times,  in  which 
the  darker  shades  represent,  foi 
the  most  part,  the  level  portions 
of  the  moon's  surface,  and  the 
lighter  shades  those  which  are 
more  elevated  or  mountainous. 
The  bright  spot  near  the  bottom, 
from  which  streaks  or  streams  of 
light  seem  to  proceed,  is  called 
Tycho  by  some,  and  Mount  Etna 
by  others.  It  consists  of  a  large 
irregular  cavity,  surrounded  by 
mountains;  and  the  streaks  of  light 
are  the  elevated  ridges  of  ranges 
of  mountains,  which  seem  to  con- 
verge towards  it  as  to  a  centre. 
This  is  the  most  variegated  and 
mountainous  region  of  the  lunar 
surface.  Fig.  84  is  a  view  of  the 
moon,  hastily  taken,  when  in  a 
gibbous  phase.  The  shadows  w*^ re 
then  comparatively  short,  and  it 
From  what  has  been  now  stated  respecting 
the  lunar  mountains,  it  will  evidently  appear 
that  there  must  be  a  great  variety  of  sublime 
and  picturesque  scenery  connected  with  the 
various  landscapes  of  the  moon.  If  the  sur- 
face of  that  orb  be  adorned  with  a  diversity  of 
colour  and  with  something  analogous  to  the 
2  Q  ^457) 
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vegetation  of  our  glo')8,  there  must  be  present-    variety  of  scenes  altogether  dissimilar  to  those 
ed  to  the  view  of  a  spectator  in  the  moon  a    which   we   can   contemplate   on    this   earth. 


Fig.  84. 


Tig.  85.  (No.  1.)  Fig.  8.5.  (No.  2.) 

same  time,  be  opened  of  a  portion  of  those  re- 
gions which  lie  beyond  the  exterior  boundary 
of  the  mountains  (see  Fig.  81.)  A  diversity 
of  scenery  will  likewise  be  presented  by  the 
shadows  of  the  circular  range  and  the  central 
mountain.  When  the  sun  is  in  the  horizon,  the 
whole  plain  will  be  enveloped  in  the  shadows 
of  the  mountains,  even  after  daylight  begins 
to  appear.     These  shadows  will  grow  shorter    south-west  part  of  the  moon. 


The  circular  plains  and  moun- 
tains will  present  three  or  four 
varieties  of  prospect,  of  which 
we  have  no  examples  on  our 
globe.  In  the  first  place,  a 
spectator  near  the  middle  of  tiie 
plane  will  behold  his  view 
bounded  on  every  hand  by  a 
chain  of  loft^  mountains,  at  the 
distance  of  5,  10,  15,  or  20 
miles,  according  to  the  diaineter 
of  the  plain;  and  as  the  tops  of 
these  mountains  are  at  different 
elevations,  they  will  exhibit  a 
variety  of  mountain  scenery.  In 
the  next  place,  when  standing 
on  the  top  of  the  central  moun- 
tain, the  whole  plain,  with  its 
diversified  objects,  will  be  open 
to  his  view,  which  will  likewise 
take  in  all  the  variety  of  objects 
connected  with  the  circular 
mountain-range  which  bounds 
his  prospect.  A  third  variety 
of  view  will  be  presented  in 
travelling  round  the  plain,  where 
tlie  various  aspects  of  the  central 
mountain  will  present,  at  every 
stage,  a  new  landscape  and  a 
diversity  of  prospect.  Another 
view,  still  more  extensive,  will 
be  obtained  by  ascending  to  the 
summit  of  the  circular  range, 
where  the  whole  plain  and  its 
central  mountain  will  be  full  in 
view,  and  a  prospect  will,  at  the 
sublim?.  mountain-scenery,  and  of  picturesque 
objects  connected  with  it,  on  the  lunar  surface, 
than  what  is  presented  to  our  view  in  terres- 
trial landscapes. 

The  Lunar  Caverns. — These  form  a  very 

peculiar  and  prominent  feature  of  the  moon's 

surface,  and  are  to  be  seen  throughout  almost 

every  region  ;  but  are  most  numerous  in  the 

Nearly  a  hun- 


and  shorter  as  the  sun  rises  in  the  heavens ; 
but  a  space  of  time  equal  to  one  or  two  of  our 
days  will  intervene  before  the  body  of  the  sun 
is  seen  from  the  opposite  side  of  the  plain, 
rising  above  the  mountain  tops ;  and  a  still 
longer  space  of  time  before  his  direct  rays  are 
seen  at  (he  opposite  extremity.  These  shadows 
are  continually  varying ;  during  the  increase 
of  the  moon  they  are  thrown  in  one  direction, 
and  during  the  decrease  in  a  direction  exactly 
opposite ;  and  it  is  only  about  the  time  of  full 
moon  that  every  part  of  the  plain,  and  the 
mountains  which  surround  it,  are  fully  en- 
lightened, and  the  shadows  di^jappear.  There 
must,  thei;efore,  be  a  far  greater  variety  of 
i458) 


dred  of  them,  great  and  smill,  may  be  distin- 
guished in  that  quarter.  They  are  all  nearly 
of  a  circular  shape,  and  appear  like  a  very 
shallow  egg-cup.  The  soialler  cavities  aj  pear 
within  almost  like  a  hollow  cone,  with  Lhe 
sides  tapering  towards  the  centre ;  but  the 
larger  ones  have,  for  the  most  part,  flat  bot- 
toms, from  the  centre  of  which  there  frequently 
rises  a  small  steep  conical  hill,  which  gives 
them  a  resemblance  to  the  annular  ridges  and 
central  mountains  above  described.  In  some 
instances  their  margins  are  level  with  the 
general  surface  of  the  moon,  but  in  most  cases 
they  are  encircled  with  a  high  annular  ridge 
of  mountains  marked  with  lofty  peaks.    Som© 
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of  the  larger  of  these  cavities  contain  smaller 
cavities  of  the  same  kind  and  form,  particu- 
larly in  their  sides.     The  mountainous  ridges 
which    surround    these    cavities    reflect    the 
greatest  quantity  of  light;   and   hence  that 
region  of  the  moon  in  which  they  abound 
appears  brighter  than  any  other.     From  tiieir 
lying  in  every  possible  direction,  they  appear, 
at  and  near  the  time  of  full  moon,  like  a 
number    of   brilliant    streaks    or    radiations. 
I'hcse  radiations  appear  to  converge  towards 
a  large  brilliant  spot  surrounded  by  a  faint 
shade,  near  the  lower  part  of  the  moon,  v/hich 
is  known  by  the  name  of  Ti/cho,  and  which 
every  one  who  views  the  full  moon,  even  with 
a  common  telescope,  ma}  easily  distinguish. 
In  regard  to  their  dimensions,  they  are  of  all 
sizes,  from  three  miles  to  fifty  miles  in  dia- 
meter at  the  top ;  and  their  depth  below  the 
general  level  of  the  lunar  surface  varies  from 
one-third  of  a  mile  to  three  miles  and  a  half. 
Twelve   of  these   cavities,   as   measured   by 
Schroeter,  were  found  to  be  above  two  miles 
in  perpendicular  depth.     These  cavities  con- 
stitute a  peculiar  feature  in  the  scenery  of 
the  moon,  and  in  her  physical  constitution, 
which  bears  scarcely  any  analogy  to  what  we 
observe  in  the  physical  arrangements  of  our 
globe.     But,  however  different  such  arrange- 
ments may  appear  from  what  we  see  around 
us  in  the  landscapes  of  the  earth,  and  however 
unlikely  it  may  at  first  sight  appear  that  such 
places    should   be    the    abode   of  intelligent 
beings,  I  have  no   doubt   that,  in  point  of 
beauty,  variety,  and  sublimity,  these  spacious 
hollows,  with  all  their  assemblage  of  circular 
and  central  mountain-scenery,  will  exceed  in 
interest  and  grandeur  any  individual  scene  we 
can  contemplate  on  our  globe.    We  have  only 
to  conceive  thai  such  places  are  diversified  and 
adorned  with  all  the  vegetable  scenery  which 
we   reckon    beautiful   and  picturesque   in    a 
terrestrial  landscape,  and  with  objects  which 
are  calculated  to  reflect  v^^ith  brilliancy  the 
solar  rays,  in  order  to  give  such  an  idea  of 
the  grandeur  of  the  scene.     And  that  the  ob- 
jects connected  with  these  hollows  are  formed 
o^  substances  fitted  to  reflect  the  rays  of  the 
sun  with  peculiar   lustre,  appears   from  the 
brilliancy  which  most  of  them  exhibit  when 
cither  partially  or  wholly  enlightened;  pre- 
senting to  view,  especially  at  full  moon,  the 
most  luminous  portions  of  the  lunar  surface, 
so  that  former  astronomers  were  led  to  com- 
pare fhem  to  rocks  of  diamond. 

Whether  there  he  any  evidence  of  Volca- 
noes in  the  Moon. — From  a  consideration  of 
the  broken  and  irregular  ground,  and  the  deep 
caverns  which  appear  in  dififerent  parts  of  the 
moon's  surface,  several  astronomers  were  led 
to  conjecture  that  such  irregularities  were  of 
"rGlcanic  origin.     These  conjectures  were  sup- 


posed to  be  confirmed  by  the  appearance  o/ 
certain  luminous  points,  which  were  occasion- 
ally  seen  on  the  dark  part  of  the  moon.  Dur- 
ing the  annular  eclipse  of  the  sun  on  the  24th 
of  June,  1778,  Don  UUoa  perceived,  near  the 
north-west  limb  of  the  moon,  a  bright  white 
spot,  which  he  imagined  to  be  the  light  of  the 
sun  shining  through  an  opening  in  the  moon. 
This  phenomenon  continued  about  a  minute 
and  a  quarter,  and  was  noticed  by  three  differ- 
ent observers.  Beccaria  observed  a  similar 
spot  in  1772.  M.  Bode,  of  Berlin,  M.  de 
Villeneuve,  M.  Nouet,  Captain  Kater,  and 
several  others,  at  different  times  observed  simi- 
lar phenomena,  some  of  which  had  the  ap- 
pearance of  a  small  nebula,  or  a  star  of  the 
sixth  magnitude,  upon  the  dark  part  of  the 
lunar  disk.  Sir  W.  Herschel,  in  1787,  ob- 
served similar  phenomena,  which  he  ascribes 
to  the  eruption  of  volcanoes.  The  following 
is  an  extract  from  his  account  of  those  pheno- 
mena :  "April  19,  1787,  Wi,  36m.  I  per- 
ceive three  volcanoes  in  different  places  of  the 
dark  part  of  the  new  moon.  Two  of  them 
are  already  nearly  extinct,  or  otherwise  in  a 
state  of  going  to  break  out ;  the  third  shows 
an  eruption  of  fire  or  luminous  matter.  The 
distance  of  the  crater  from  the  northern  limb 
of  the  moon  is  3'  57'';  its  light  is  much  brighter 
than  the  nucleus  of  the  comet  which  M.  Me- 
chain  discovered  at  Paris  on  the  10th  of  this 
month."  "April  20,  10//,.  The  volcano  burns 
with  greater  violence  than  last  night ;  its  dia- 
meter cannot  be  less  than  three  seconds ;  and 
hence  the  shining  or  burning  matter  must  be 
above  three  miles  in  diameter.  The  appear- 
ance resembles  a  small  piece  of  burning  char- 
coal when  it  is  covered  by  a  very  thin  coat 
of  white  ashes,  and  it  has  a  degree  of  bright- 
ness about  as  strong  as  that  with  which  such 
a  coal  would  be  seen  to  glow  in  faint  day- 
light." 

Such  are  some  of  the  phenomena  from 
which  it  has  been  concluded  that  volcanoes 
exist  in  the  moon.  That  such  appearances 
indicate  the  existence  of  fire  or  some  species 
of  luminosity  on  the  lunar  surface,  is  readily 
admitted  ;  but  they  by  no  means  prove  that 
any  thing  similar  to  terrestrial  volcanoes  exist 
in  that  orb.  We  err  egregriously  when  we 
suppose  that  the  arrangements  of  other  worlds 
must  be  similar  to  those  on  our  globe,  espe- 
cially when  we  perceive  the  surface  of  the  moon 
arranged  in  a  manner  so  very  different  from 
that  of  the  earth.  We  have  no  right  to  con- 
clude that  burning  mountains  abound  in  the 
moon  because  these  are  the  only  large  streams 
of  fire  that  occasionally  burst  forth  from  cer- 
tain points  on  our  globe.  For  there  are  many 
other  causes  of  which  we  are  ignorant,  and 
which  maybe  peculiar  to  the  moon,  which 
may  produce  the  occasional  gleams  or  illumi* 
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Rstions  to  wliich  vfe  allude.  The  conflagra- 
tion of  a  large  forest,  such  as  happened  a  few 
years  ago  at  Miramichi,  the  blazuig  of  large 
tracts  of  burning  heath,  the  illumination  of  a 
large  town,  or  the  conflagration  of  such  a  city 
as  Moscow,  would,  in  all  probability,  present 
to  a  spectator  in  the  moon  luminous  specks 
such  as  those  which  astronomers  have  ob- 
served on  the  dark  portion  of  the  lunar  orb. 
Such  luminosities  in  the  moon  may  possibly 
be  of  a  phosphoric  nature,  or  a  mere  display 
of  some  brilliant  artificial  scenery  by  the  in- 
habitants of  that  planet.  Schroeter  is  of  opi- 
nion that  juost  of  these  appearances  are  to 
be  ascribed  to  the  light  reflected  from  the  earth 
to  the  dark  part  of  the  moon's  disk,  which  re- 
turns it  from  the  tops  of  the  mountains  under 
various  angles,  and  with  different  degrees  of 
brightness ;  and  from  various  observations  I 
have  made  on  the  dark  portion  of  the  moon, 
when  about  two  or  three  days  old,  and  from 
the  degree  of  brightness  with  which  some  of 
the  small  spots  have  frequently  appeared,  I 
am  disposed  to  consider  this  opinion  as  highly 
probable. 

The  existence  of  volcanoes  on  our  globe  is 
scarcely  to  be  considered  as  a  part  of  its  ori- 
ginal constitution.  Such  appalling  and  de- 
structive agents  appear  altogether  inconsistent 
with  the  state  of  an  innocent  being  formed 
after  the  Divine  image ;  and,  therefore,  we 
have  no  reason  to  believe  that  they  existed  in 
the  primitive  age  of  the  world,  while  man  re- 
mained in  his  paradisiacal  state,  but  began 
to  operate  only  after  the  period  of  the  uni- 
versal deluge,  when  the  primitive  constitution 
of  our  globe  was  altered  and  deranged,  and 
when  earthquakes,  storms,  and  tempests  began, 
at  the  same  time,  to  exert  their  destructive 
energies.  They  are  thus  to  be  considered  as 
an  evidence  or  indication  that  man  is  no  longer 
in  a  state  of  moral  perfection  and  that  his  ha- 
bitation now  corresponds  with  his  character  as 
a  sinner.  To  suppose,  therefore,  that  such  de- 
structive agents  exist  in  the  moon,  would  be 
virtually  to  admit  that  the  inhabitants  of  that 
planet  are  in  the  same  depraved  condition  as 
the  inhabitants  of  this  world.  The  same  thing 
may  be  said  with  regard  to  a  pretended  dis- 
covery which  was  announced  some  years  ago, 
that  "  there  are  fortifications  in  the  moon  ;" 
for,  if  such  objects  really  existed,  it  would  be 
a  plain  proof  that  the  inhabitants  were  engaged 
in  wars  and  contentions,  and,  animated  with 
the  same  diabolical  principles  of  pride,  ambi- 
tion, and  revenge,  which  have  ravaged  our 
globe  and  demoralized  its  inhabitants. 

Whether  there  he  Seas  in  the  Moon  is  a 
question  which  has  engaged  the  attention  of 
astronomers,  and  which  demands  a  few  re- 
marks. When  we  view  the  moon  through  a 
good  telescope,  we  perceive  a  number  of  large 
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dark  spots,  of  different  dimensions,  somo  of 
which  are  visible  to  the  naked  eye.  These 
spots,  in  the  early  observations  of  the  moon  with 
telescopes,  were  generally  supposed  to  be  large 
collections  of  water  similar  to  our  seas,  and 
the  names  given  them  by  Hevelius,  such  as 
IMare  Crisium,  Mare  Imbrium,  &c.,  aro 
founded  on  this  opinion.  The  general  smooth* 
ness  of  these  obscure  regions,  and  the  con» 
sideration  that  water  reflects  less  light  than  the 
land,  induced  some  astronomers  to  draw  this 
conclusion.  But  there  appears  no  solid  ground 
for  entertaining  such  an  opinion  ;  for,  in  the 
first  place,  when  these  dark  spots  are  viewed 
v/ith  good  telescopes,  they  are  found  to  con- 
tain numbers  of  cavities,  whose  shadows  are 
distinctly  perceived  falling  within  them,  which 
can  never  happen  in  a  sea  or  smooth  liquid 
body  ;  and  besides,  several  insulated  moun- 
tains, whose  shadows  are  quite  perceptible,  are 
found  here  and  there  in  these  supposed  seas. 
In  the  next  place,  when  the  boundary  of  light 
and  darkness  passes  through  these  spots,  it  is 
not  exactly  a  straight  line  or  a  regular  curve, 
as  it  ought  to  be  were  those  parts  perfectly 
level  hke  a  sheet  of  water,  but  appears  slightly 
jagged  or  uneven.  I  have  inspected  these 
spots  hundreds  of  times,  with  powers  of  150, 
180,  and  230  times,  and  in  every  instance, 
and  in  every  stage  of  the  moon's  increase  and 
decrease,  gentle  elevations  and  depressions 
were  seen,  similar  to  the  wavings  or  inequali- 
ties which  are  perceived  upon  a  plain  or  coun- 
try generally  level.  There  are  scarcely  any 
parts  of  these  spots  in  which  slight  elevations 
may  not  be  seen.  In  many  of  them  the  light 
and  shade,  indicating  the  inequality  of  sur- 
face, are  quite  perceptible  ;  and  in  certain  parts 
ridges  nearly  parallel,  of  slight  elevation,  with 
interjacent  plains,  are  distinctly  visible.  These 
dark  spots,  therefore,  must  be  considered  as 
extensive  plains  diversified  with  gentle  eleva- 
tions and  depressions,  and  consisting  of  sub- 
stances calculated  to  reflect  the  light  of  the 
sun  with  a  less  degree  of  intensiiii  than  the 
other  parts  of  the  lunar  surface.  These  plains 
are  of  different  dimensions,  from  40  or  50  to 
700  miles  in  extent,  and  they  occupy  more 
than  one-third  of  that  hemisphere  of  the  moon 
which  is  seen  from  the  earth,  and,  consequent- 
ly, will  contain  nearly  three  millions  of  square 
miles.  As  the  moon,  therefore,  is  diversified 
with  mountains  and  cavities  of  forms  altoge- 
ther different  from  those  of  our  globe,  so  the 
plains  upon  the  surface  of  that  orb  are  far 
more  varied  and  extensive  than  the  generality 
of  plains  which  are  found  on  the  surface  of 
the  earth.  It  is  a  globe  diversified  with  an 
immense  variety  of  mountain  scenery,  and, 
at  the  same  time,  abounding  with  plains  and 
valleys  of  vast  extent.  But  there  appear  to 
be  no  seas,  oceans,  or  any  large  collections  of 
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^ater,  though  it  is  possible  that  small  lakes 
Of  rivers  may  exist  on  certain  parts  of  its  sur- 
face. As  we  see  only  one  side  of  the  moon 
fi'om  the  earth,  we  cannot  tell  what  objects  or 
arrangements  may  exist  on  its  opposite  hemi- 
sphere, though  it  is  probable  that  that  hemi- 
sphere does  not  differ  materially  in  its  scenery 
and  arrangements  from  those  which  are  seen 
on  the  side  which  is  turned  towards  the  earth. 
AtiHospliere  of  the  Moon. — Whether  the 
moon  has  an  atmosphere,  or  body  of  air  simi- 
lar to  that  which  surrounds  the  earth,  has  been 
a  subject  of  dispute  among  astronomers.  On 
the  one  side,  the  existence  of  such  an  atmo- 
sphere is  denied,  because  the  stars  which  dis- 
appear behind  the  body  of  the  moon  retain 
their  full  lustre  till  they  seem  to  touch  its 
very  edge,  and  then  they  vanish  in  a  moment ; 
which  phenomenon,  it  is  supposed,  would  not 
happen  if  the  moon  were  encompassed  with 
an  atmosphere.  On  the  other  hand,  it  has 
been  maintained  that  the  phenomena  frequent- 
ly attending  eclipses  of  the  sun  furnish  argu- 
ments for  the  existence  of  a  lunar  atmosphere. 
It  has  been  observed  on  different  occasions 
that  the  moon  in  a  solar  eclipse  was  sur- 
rounded with  a  luminous  ring,  which  was 
most  brilliant  on  the  side  nearest  the  moon  ; 
that  the  sharp  horns  of  the  solar  crescent  have 
been  seen  blunted  at  their  extremities  during 
total  darkness ;  that,  preceding  the  emersion,  a 
long  narrow  streak  of  dusky  red  light  has 
been  seen  to  colour  the  western  limb  of  the 
moon ;  and  that  the  circular  figure  of  Jupiter, 
Saturn,  and  the  fixed  stars  has  been  seen 
changed  into  an  elliptical  one  when  they  ap- 
proached either  the  dark  or  the  enlightened 
limb  of  the  moon  ;  all  which  circumstances  are 
considered  as  indications  of  a  lunar  atmo- 
sphere. The  celebrated  M.  Schroeter,  oi 
Lilienthal,  made  numerous  observations  in 
order  to  determine  this  question,  and  many 
respectable  astronomers  are  of  opinion  that  his 
observations  clearly  prove  the  existence  of  an 
atmosphere  around  the  moon.  He  discovered 
near  the  moon's  cusps  a  faint  gray  light  of  a 
pyramidal  form,  extending  from  both  cusps 
into  the  dark  hemisphere,  which,  being  the 
moon's  twilight,  must  necessarily  arise  from 
its  atmosphere.  It  would  be  too  tedious  to 
detail  all  the  observations  of  Schroeter  on  this 
point;  but  the  following  are  the  general  con- 
clusions :  "  That  the  inferior  or  more  dense 
part  of  the  moon's  atmosphere  is  not  more 
than  1500  English  feet  highland  that  the 
height  of  the  atmosphere  where  it  could  affect 
the  brightness  of  a  fixed  star,  or  inflect  the 
solar  rays,  does  not  exceed  5742  feet,'*  or  little 
more  than  an  English  mile.  A  fixed  star  will 
pass  over  this  space  in  less  than  two  seconds 
of  time;  and  if  it  emerge  at  a  part  of  the 
moon's  limb  where  there  is  a  ridge  of  moun- 


tains, scarcely  any  obscuiation  can  be  per- 
ceptible. 

On  the  whole,  it  appears  most  probable  that 
the  moon  is  surrounded  with  a  fluid  which 
serves  the  purpose  of  an  atmosphere,  although 
this  atmosphere,  as  to  its  nature,  composition, 
and  refractive  power,  may  be  very  ditlevent 
from  the  atmosphere  which  surrounds  the 
earth.  It  forms  no  proof  that  the  moon  or  any 
of  the  planets  is  destitute  of  an  atmosphere 
because  its  constitution,  its  density,  and  its 
power  of  refracting  the  rays  of  light  are  differ- 
ent from  ours.  An  atmosphere  ma}'^  surround 
a  planetary  body,  and  yet  its  parts  be  so  fine 
and  transparent  that  the  rays  of  ligiit  from  a 
star  or  any  other  body  may  pass  through  it 
without  being  in  the  least  obscured  or  chang- 
ing their  direction.  In  our  reasonings  on  this 
subject  we  too  frequently  proceed  on  the  false 
principle  that  every  thing  connected  with  othei 
worlds  must  bear  a  resemblance  to  those  on 
the  earth.  But  as  we  have  seen  that  the  sur- 
face of  the  moon,  in  respect  to  its  mountains, 
caverns,  and  plains,is  very  differently  arranged 
from  what  appears  on  the  landscape  of  our 
globe,  so  we  have  every  reason  to  conclude 
that  the  atmosphere  with  which  that  orb  may 
be  surrounded  is  materially  different  in  its 
constitution  and  properties  from  that  body  of 
air  in  which  we  move  and  breathe ;  and  it  is 
highly  probable,  from  the  diversity  of  arrange- 
ments which  exists  throughout  the  planetary 
system,  that  the  atmospheres  of  all  the  planets 
are  variously  constructed,  and  have  properties 
different  from  each  other.  Whatever  may  be 
the  nature  of  the  moon's  atmosphere,  it  is  evi- 
dent that  nothing  similar  to  clouds  exists  in  it, 
otherwise  they  would  be  quite  perceptible  by 
the  telescope  ;  and  hence  we  may  conclude 
that  neither  hail,  snow,  rain,  nor  tempests  dis- 
turb its  serenity ;  for  all  the  parts  uniformly 
present  a  clear,  calm,  and  serene  aspect,  as  if 
its  inhabitants  enjoyed  a  perpetual  spring. 

Magnitude  of  the  Moon. — The  distance  of 
the  moon  from  the  earth  is  determined  from 
its  horizontal  parallax  ;  and  this  distance,  com- 
pared with  its  apparent  angular  diameter, 
gives  its  real  or  linear  diameter.  The  mean 
horizontal  parallax  is  fifty-seven  minutes, 
thirty-four  seconds,  and  the  mean  apparent 
diameter  thirty-one  minutes,  twenty-six  se- 
conds. From  these  c?«to  it  is  found  that  the 
real  diameter  of  the  moon  is  2180  miles,  which 
is  little  more  than  the  one  fourth  of  the  diame- 
ter of  the  earth.  The  real  magnitude  of  the 
moon,  therefore,  is  only  about  one  forty-ninth 
part  of  that  of  the  earth.  This  is  found  by 
dividing  the  cube  of  the  earth's  diameter  by 
the  cube  of  the  moon's,  and  the  quotient  will 
express  the  number  of  times  that  the  bulk  of 
the  earth  exceeds  that  of  the  moon  ;  for  th^" 
real  bulk  of  globes  is  in  proportion  to  the  cu!)es 
2  Q  2  (46 1> 
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of  their  diameters.  Although  the  apparent 
size  of  the  moon  appears  equal  to  that  of  the 
(Bun,  yet  the  difference  of  their  real  bulk  is 
very  great,  for  it  would  require  more  than 
sixty-three  millions  of  globes  of  the  size  of  the 
moon  to  form  a  globe  equal  in  magnitude  to 
that  of  the  sun.  Its  surface,  notwithstanding, 
contains  a  very  considerable  area,  comprising 
nearly  15,000,000  of  square  miles,  or  about 
one  third  of  the  habitable  parts  of  our  globe  ; 
and  were  it  as  densely  peopled  as  England,  it 
would  contain  a  population  amounting  to  four 
tlwusand  two  hundred  millions,  which  is 
more  than  five  times  the  population  of  the 
earth ;  so  that  the  moon,  although  it  ranks 
among  the  smallest  of  the  celestial  bodies, 
may  contain  a  population  of  intelligent  beings 
far  more  numerous,  and  perhaps  far  more  ele- 
vated in  the  scale  of  intellect,  than  the  inhabit- 
ants of  our  globe. 

Whether  it  may  he  possible  to  discover  the 
inhabitants  of  the  moon  is  a  question  which 
has  been  sometime^  agitated.  To  such  a 
question  I  have  no  hesitation  in  replying, 
that  it  is  highly  improbable  that  we  shall  ever 
obtain  a  direct  view  of  any  living  beings  con- 
nected with  the  moon  by  means  of  any  tele- 
scopes which  it  is  in  the  power  of  man  to  con- 
struct. The  greatest  magnifying  power  which 
has  ever  been  applied,  with  distinctness,  to 
the  moon,  does  not  much  exceed  a  thousand 
times ;  that  is,  makes  the  objects  in  the  moon 
appear  a  thousand  times  larger  and  nearer  to 
the  naked  eye.  But  even  a  power  of  a  thou- 
sand times  represents  the  objects  on  the  lunar 
surface  at  a  distance  of  240  miles,  at  which 
distance  no  living  beings,  although  they  were 
nearly  of  the  size  of  a  kraken,  could  be  per- 
ceived. Even  although  w^e  could  apply  a 
power  of  ten  thousand  times,  lunar  objects 
would  still  appear  24  miles  distant ;  and  at 
such  a  distance  no  animal,  even  of  the  size  of 
an  elephant  or  a  whale,  could  be  discerned. 
Besides,  we  ought  to  consider  that  we  have 
only  a  bird^s-eye  view  of  the  objects  on  the 
moon ;  and,  consequently,  supposing  any 
beings  resembling  man  to  exist  on  that  orb, 
we  could  only  perceive  the  diameter  of  their 
heads,  as  an  aeronaut  does  when  he  surveys 
the  crowds  beneath  him  from  an  elevated  bal- 
loon. Nay,  though  it  were  possible  to  con- 
struct a  telescope  with  a  power  of  one  hun- 
dred thousand  times,  which  would  cause  the 
moon  to  appear  as  if  only  two  and  a  half 
miles  distant,  it  is  doubtful  if,  even  with  such 
an  instrument,  living  beings  could  be  per- 
ceived. We  ought  also  to  consider  that  nature 
has  set  certain  limits  to  the  magnifying  power 
m  telescopes ;  for,  although  we  could  apply 
such  powers  as  now  stated  to  any  telescope, 
the  vapours  and  undulations  of  the  atmo- 
«j>here,  and  the  diurnal  motion  of  the  earth, 
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would  interpose  a  barrier  to  distinct  vision 
and  as  the  quantity  of  light  is  diminished  in 
proportion  to  the  magnifying  power,  the  loss 
of  light  in  such  high  powers  would  prevent 
the  distinct  perception  of  any  object. 

But  although  we  can  never  hope  to  see  any 
of  the  inhabitants  of  the  moon  by  anj  instru' 
ment  constructed  by  human  ingenuity,  yet 
wo  may  be  able  to  trace  the  operations  of 
sentient  or  intelligent  beings,  or  those  effects 
which  indicate  the  agency*  of  living  beings. 
A  navigator  who  approaches  within  a  certain 
distance  of  a  small  island,  although  he  per- 
ceives no  human  beings  upon  it,  can  judge 
with  certainty  that  it  is  inhabited  if  he  per- 
ceive human  habitations,  villages,  corn-fields, 
or  traces  of  cultivation.  In  like  manner,  if 
we  could  perceive  changes  or  operations  in 
the  moon  which  could  be  traced  to  the  agency 
of  intelHgent  beings,  we  should  then  obtain 
demonstrative  evidence  that  such  beings  exist 
on  that  planet;  and  I  have  no  doubt  that  it  is 
possible  to  trace  such  operations.  A  telescope 
which  magnifies  1200  times  will  enable  us  to 
perceive,  as  a  visible  point  on  the  surface  of 
the  moon,  an  object  whose  diameter  is  only 
about  100  yards  or  300  feet.  Such  an  object 
is  not  larger  than  many  of  our  public  edifices ; 
and,  therefore,  were  any  such  edifices  rearing 
in  the  moon,  or  were  a  town  or  city  extend- 
ing its  boundaries,  or  were  operations  of  this 
description  carrying  on  in  a  district  where  no 
such  edifices  had  previously  been  erected, 
such  objects  and  operations  might  probably 
be  detected  by  a  minute  inspection.  Were  a 
multitude  of  Uving  creatures  moving  from 
place  to  place  in  a  body,  or  were  they  encamp- 
ing in  an  extensive  plain  like  a  large  army, 
or  like  a  tribe  of  Arabs  in  the  desart,  and 
afterward  removing,  it  is  possible  that  such 
movements  might  be  traced  by  the  difference 
of  shade  or  colour  which  such  movements 
would  produce.  In  order  to  detect  such 
minute  objects  and  operations,  it  would  be 
requisite  that  the  surface  of  the  moon  should 
be  distributed  among  at  least  a  bundled  astro- 
nomers, each  having  a  spot  or  two  allotted 
him  as  the  object  of  his  more  particular 
investigation,  and  that  the  observations  be 
continued  for  a  period  of  at  least  thirty  or 
forty  years,  during  which  time  certain  changes 
would  probably  be  perceived,  arising  either 
from  physical  causes  or  from  the  opeiitions 
of  Uving  agents.  But  although  no  such 
changes  should  ever  be  detected,  it  would 
form  no  proof  that  the  moon  is  destitute  of 
inhabitants;  for,  in  other  worlds,  intelligent 
beings  may  probably  enjoy  all  the  happiness 
congenial  to  their  natures  without  those  edi- 
fices or  artificial  accommodations  which  are 
requisite  for  man  in  this  terrestrial  abode.  In 
reference  to  the  subject  under  consideration 
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Bf.  Olbers  is  fully  of  opinion  "  that  the  moon 
is  inhabited  by  rational  creatures,  and  that 
its  surface  is  more  or  less  covered  with  a 
vegetation  not  very  dissimilar  to  that  of  our 
own  earth."  Gruithuisen  maintains  that  he 
has  discovered,  by  means  of  his  large  achro- 
matic telescope,  "  great  artificial  works  in  the 
moon,  erected  by  the  lunarians."  And  lately, 
another  foreign  observer  maintains,  from  actual 
observation,  "  that  great  edifices  do  exist  in  the 
aioon."  I  am  of  opinion  that  all  such  an- 
nouncements are  premature  and  uncertain. 
Without  calling  in  question  the  accuracy  of 
the  descriptions  published  by  these  astrono- 
mers, there  is  some  reason  to  suspect  that 
what  they  have  taken  for  "edifices"  and 
*'  artifical  works"  are  only  small  portions  of 
natural  scenery,  of  which  an  immense  variety, 
in  every  shape,  is  to  be  found  on  the  surface 
of  the  moon.  Future  and  more  minute 
observations  may,  however,  enable  us  to  form 
a  definite  opinion  on  this  subject.* 

It  has  sometimes  been  a  subject  of  specula- 
tion whether  it  might  be  possible,  by  any  sym- 
bols, to  correspond  with  the  inhabitants  of 
the  moon.  "Gruithuisen,  in  a  conversation 
with  the  great  continental  astronomer  Gauss, 
after  describing  the  regular  figures  he  had 
discovered  in  the  moon,  spoke  of  the  possi- 
bility of  a  correspondence  with  the  lunar 
inhabitants.  He  brought  to  Gauss'  recollec- 
tion the  idea  he  had  communicated  many 
years  ago  to  Zimmerman.     Gauss  answered, 

*  A  short  time  ago  a  hoax  was  attempted  to  be 
played  off  on  the  public  in  relation  to  this  subject. 
An  article  entitled  "Wonderful  Discoveries  in 
the  Moon,  by  Sir  John  Herschel,"  was  copied  into 
most  of  the  American,  French,  and  British  news- 
papers and  other  periodicals,  and  was  likewise 
published  in  a  separate  pamphlet.  It  is  not  a  little 
astonishing  how  easily  the  public  is  gulled  by 
such  extravagant  descriptions  as  were  contained 
in  this  pamphlet,  and  it  shows  the  ignorance  which 
still  prevails  among  the  great  mass  of  the  commu- 
nity in  every  country  in  relation  to  astronomy  and 
optics,  that  such  pretended  discoveries  should 
have  been  listened  to  even  for  a  moment.  For 
even  some  editors  of  newspapers  treated  the 
affair  in  a  grave  manner,  and  only  expressed  their 
doubts  on  the  subject,  plainly  indicating  that  they 
had  far  less  knowledge  of  the  science  of  astronomy 
than  many  schoolboys  now  acquire.  The  title  of 
the  pamphlet  was  sufficient  to  convince  any  man 
of  common  understanding,  who  directed  his  atten- 
tion for  a  moment  to  the  subject,  that  the  whole 
was  a  piece  of  deception;  for  it  stated  that  "the 
object-glass  weighed  seven  tons,^^  and  had  "a 
magiiifying  power  of  42,000  times."  Now,  sup- 
posing such  a  power  had  been  used,  the  objects 
on  the  surface  of  the  moon  would  still  have 
Hppeared  more  than  five  miles  and  two-thirds 
distant;  and  how  could  an  animal,  even  of  the 
largest  size,  be  seen  at  such  a  distance  1  Yet  the 
writer  of  the  pamphlet  declares  that  animals  such 
as  sleep,  and  cranes,  and  small  birds  were  not 
only  distinguished,  but  the  shape  and  colour  of 
their  horns,  eyes,  beard,  and  the  difference  of 
■exes,  were  perceived.  To  perceive  such  objects 
it  was  requisite  that  they  should  have  been 
brought  within  six  yards  instead  of  six  miles. 
The  author  might  have  rendered  his  description 


that  the  plan  of  erecting  a  geometrical  figure 
on  the  plains  of  Siberia  corresponded  with 
his  opinion,  because,  according  to  his  view,  a 
correspondence  with  the  inhabitants  of  the 
moon  could  only  be  begun  by  means  of  such 
mathematical  contemplations  and  ideas  which 
we  and  they  must  have  in  common."-f-  Were 
the  inhabitants  of  the  moon  to  recognize  such 
a  figure,  erected  on  an  immense  scale,  as  a 
signal  of  correspondence,  they  might  perhaps 
erect  a  similar  one  in  reply.  But  it  is  ques- 
tionable whether  the  intention  of  such  a  signal 
would  be  recognized  ;  and  our  terrestrial  sove- 
reigns are  too  much  engaged  in  plunder  and 
warfare  to  think  of  spending  their  revenues  in 
so  costly  an  experiment;  and,  therefore,  it  is 
likely  that,  for  ages  to  come,  we  shall  remain 
in  ignorance  of  the  genius  of  the  lunar  in- 
habitants. Schemes,  however,  far  more  foolish 
and  preposterous  than  the  above  have  been 
contrived  and  acted  upon  in  every  age  of  the 
world.  The  millions  which  are  now  wasting 
in  the  pursuits  of  mad  ambition  and  destructive 
warfare  might,  with  far  greater  propriety,  be 
expended  in  constructing  a  large  triangle  or 
ellipsis,  of  many  miles  in  extent,  in  Siberia  or 
any  other  country,  which  might  at  the  same 
time  accommodate  thousands  of  inhabitants 
who  are  now  roaming  the  desarts  like  the 
beasts  of  the  forest. 

Whatever  may  be  the  arrangements  of  the 
the  moon  or  the  genius  of  its  inhabitants,  we 
know  that  it  forms  a  most  beautiful  and  bene- 

more  consistent  by  putting  a  power  of  300,000 
times  upon  his  imaginary  telescope,  since  he  had 
every  power  at  his  command,  so  as  to  have 
brought  the  objects,  at  least,  within  the  distance 
of  a  mile.  The  author  of  this  deception,  I  under- 
stand, is  a  young  man  in  the  city  of  New  York, 
who  makes  some  pretensions  to  scientific  acquire- 
ments, and  he  may  perhaps  be  disposed  to  con- 
gratulate himself  on  the  success  of  his  experiment 
on  the  public.  But  it  ought  to  be  remembered  that 
all  such  attempts  to  deceive  are  violations  of  the 
laws  of  the  Creator,  who  is  the  "God  of  truth," 
and  who  requires  "truth  in  the  inward  parts;" 
and,  therefore,  they  who  wilfully  and  deliberately 
contrive  such  impositions  ought  to  be  ranked  in 
the  class  of  liars  and  deceivers.  The  "Law  of 
TrvtV  ought  never  for  a  moment  to  be  sported 
with.  On  the  universal  observance  of  this  law 
depend  the  happiness  of  the  whole  intelligent  sys- 
tem and  the  foundations  of  the  throne  of  the  Eter- 
nal. The  greatest  part  of  the  evils  which  have 
afflicted  our  world  have  risen  from  a  violation  of 
this  law,  and  were  it  to  be  universally  violated, 
the  inhabitants  of  all  worlds  would  be  thrown 
into  a  state  of  confusion  and  misery,  and  creation 
transformed  into  a  chaos.  Besides,  the  propaga- 
tion of  such  deceptions  is  evidently  injurious  to 
the  interests  of  science.  For  when  untutored 
minds  and  the  mass  of  the  community  detect  such 
impositions,  they  are  apt  to  call  in  question  the 
real  discoveries  of  •cience,  as  if  they  were  only 
attempts  to  impose  on  their  credulity  It  is  to  be 
hoped  that  the  author  of  the  deception  to  which 
I  have  adverted,  as  be  advances  in  years  and  in 
wisdom,  will  perceive  the  folly  and  the  immorality 
of  such  conduct. 

+  Edinburgh    New  Philosophical   Journal   for 
October,  1826,  p.  390. 
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jScial  appendage  to  our  globe.  When  the 
Bun  has  descended  below  the  western  horizon, 
the  moon  hghts  up  her  lamp  in  the  azure 
firmament,  and  diiTuses  a  mild  radiance  over 
the  landscape  of  the  world.  She  pours  her 
lustre  on  spacious  cities  and  lofty  mountains, 
glittering  on  the  ocean,  the  lakes,  and  rivers, 
and  opening  a  prospect  wide  as  the  eye  can 
reach,  which  would  otherwise  be  involved  in 
the  deepest  gloom.  As  the  son  of  Sirach 
has  observed,  '•  Siie  is  the  beauty  of  heaven, 
the  glory  of  the  stars,  an  ornament  giving 
light  in  the  high  places  of  the  Lord."  She 
cheers  the  traveller  in  his  journeys,  the  shep- 
herd while  tending  his  fleecy  charge,  and  the 
mariner  while  conducting  llis  vessel  at  mid- 
night through  the  boisterous  ocean.  She  re- 
turns to  us,  during  night,  a  portion  of  the 
solar  light  whicti  we  had  lost,  and  difiuses  a 
brilliancy  far  superior  to  that  which  we  derive 
from  all  the  stars  of  heaven.  If  we  intend  to 
prosecute  our  journeys  after  the  sun  has  left 
our  hemisphere,  the  moon,  in  her  increase, 
serves  as  a  magnificent  lamp  to  guide  our 
footsteps.  If  we  wish  to  commence  our  pro- 
gress at  an  early  hour  in  the  morning,  the 
moon,  in  her  decrease,  diffuses  a  mild  radiance 
in  the  east,  and  enables  us  to  anticipate  the 
dawn ;  and  if  we  choose  to  defer  our  journey 
till  the  period  of  full  moon,  this  celestial  lamp 
enables  us  to  enjoy,  as  it  were,  an  uninter- 
rupted day  of  twenty-four  hours  long.  By 
this  means  we  can  either  avoid  the  burning 
heats  of  summer,  or  despatch  such  business 
as  may  be  inexpedient  during  the  light  of  day. 
While  the  apparent  revolution  of  the  sun 
marks  out  the  year  and  the  course  of  the 
seasons,  the  revolution  of  the  moon  round  the 
heavens  marks  out  our  months;  and,  by  re- 
gularly changing  its  figure  at  the  four  quarters 
of  its  course,  subdivides  the  month  into  periods 
of  weeks;  and  thus  exhibits  to  all  the  nations 
of  the  earth  a  "  watchlight"  or  signal,  which 
every  seven  days  presents  a  form  entirely  new, 
for  marking  out  the  shorter  periods  of  duration. 
By  its  nearness  to  the  earth,  and  the  conse- 
quent increase  of  its  gravitating  power,  it 
produces  currents  in  the  atmosphere,  which 
direct  the  course  of  the  winds  and  purify  the 
aerial  fluid  from  noxious  exhalations;  it 
raises  the  waters  of  the  ocean,  and  penetrates 
the  regular  returns  of  ebb  and  flow,  by  which 
the  liquid  element  is  preserved  from  filth  and 
putrefaction.  It  extends  its  sway  even  over 
the  human  frame,  and  our  health  and  dis- 
orders are  sometimes  partially  dependent  on 
its  influence.  Even  its  eclipses,  and  those 
it  produces  of  the  sun,  are  not  without  their 
use.  They  tend  to  arouse  mankind  to  the 
study  of  astronomy  and  the  wonders  of  the 
firmament;  they  serve  to  confirm  the  deduc- 
tions of  chronology,  to  direct  the  navigator, 


and  to  settle  the  geographical  positions  ol 
towns  and  countries;  they  assist  the  aBtrono- 
mer  in  his  celestial  investigations,  and  ex  hibil 
an  agr(;eable  variety  of  phenomena  in  the 
scenery  of  the  heavens.  In  short,  there  are 
terrestrial  scenes  presented  in  moonlight, 
which,  in  point  of  solemnity,  grandeur,  and 
picturesque  beauty,  far  surpass  in  interest,  to 
a  poetic  imagination,  all  the  brilliancy  and 
splendours  of  noonday.  Hence,  in  all  ages, 
a  moonlight  scene  has  been  regarded,  by  all 
ranks  of  men,  with  feelings  of  joy  and  senti- 
ments of  admiration.  The  following  descrip- 
tion of  Homer,  translated  into  English  verse 
by  Mr.  Pope,  has  been  esteemed  one  of  tlie 
finest  night-pieces  in  poetry. 

"  Behold  the  moon,  refulgent  lamp  of  night, 
O'er  heaven's  clear  azure  spread  her  sacred  light, 
When  not  a  breath  distur[)s  the  deep  serene, 
And  not  a  cloud  o'ercasts  the  solemn  scene  ; 
Around  her  throne  the  vivid  planets  roll, 
And  stars  unnumbered  gild  the  glowing  pole; 
O'er  the  dark  trees  a  yellower  verdtire  shed, 
And  tip  with  silver  every  mountain's  head  ; 
Then  shine  the  vales  ;  the  rocks  in  prospect  rise  ; 
A  flood  of  glory  bursts  fr(*m  all  the  skies. 
The  •'onscious  swains,  rejoicing  in  the  sight. 
Eye  the  blue  vault,  and  bless  the  useful  light." 

Without  the  light  of  the  moon,  the  inha- 
bitants of  the  polar  regions  would  be  for 
weeks  and  months  immersed  in  darkness. 
But  the  moon,  like  a  kindly  visitant,  returns 
at  short  intervals  in  the  absence  of  the  sun, 
and  cheers  them  with  her  beams  for  days  and 
weeks  together.  So  that,  in  this  nocturnal 
luminary,  as  in  all  the  other  arrangements  of 
nature,  we  behold  a  display  of  the  paternal 
care  and  beneficence  of  that  Almighty  Being 
who  ordained  "  the  moon  and  stars  to  rule  the 
night,"  as  an  evidence  of  his  superabundant 
goodness,  and  of  "his  mercy,  which  endureth 
for  ever." 

II.    ox  THE  SATELLITES  OP  JUPITER. 

There  are  four  moons  or  satellites  attending 
the  planet  Jupiter,  which  revolve  around  it 
from  west  to  east,  according  to  the  order  of 
the  signs,  or  in  the  same  direction  as  the  moon 
revolves  round  the  earth  and  the  planets 
round  the  sun.  They  are  placed  at  diflferent 
distances  from  the  centre  of  Jupiter;  they  re- 
volve round  it  in  different  periods  of  time, 
and  they  accompany  the  planet  in  its  twelve 
years'  revolution  round  the  sun,  without  de- 
viating in  the  least  in  their  distances  from  the 
planet,  as  the  more  immediate  centre  of  their 
motions.  These  bodies  were  discovered  by 
Galileo,  w^ho  first  applied  the  telescope  to  ce- 
lestial observations.  Three  of  them  were  first 
seen  on  the  night  of  the  7th  of  January, 
1  CIO,  and  were  at  first  supposed  to  be  tele- 
scopic stars ;  but  by  the  observations  of  three 
or  four  subsequent  evenings,  he  discovered 
them  to  be  attendants  on  the  planet  Jupiter 
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On  the  13th  of  the  same  month  he  saw  the 
fourth  satellite,  and  continued  his  observations 
till  Marcti  2,  when  he  sent  his  drawings  of 
them,  and  an  account  of  his  observations,  to 
his  patron,  Cosmo  Medici,  Great  Duke  of 
Tuscany,  in  honour  of  whom  he  called  them 
the  Medicean  stars.  This  discovery  soon  ex- 
cited the  attention  of  astronomers,  and  every 
one  hastened  with  eagerness  to  view  the  new 
celestial  wonders.  The  senators  of  Venice, 
who  were  eminent  for  their  learning,  invited 
Gahleo  to  come  to  the  tower  of  St.  Mark,  and 
in  their  presence  make  a  ^rial  of  his  new  in- 
struments. He  compUed  with  their  request, 
and  in  a  fine  night,  neither  cold  nor  cloudy, 
showed  them  with  his  instrument  the  new 
phenomena  which  had  excited  attention ;  the 
satellites  of  Jupiter,  the  crescent  of  Venus, 
the  triple  appearance  of  Saturn,  and  the  in- 
equalities on  the  surface  of  the  moon,  which 
many  of  the  learned  refused  to  admit,  because 
they  overthrew  the  system  of  the  schools  and 
the  philosophical  notions  which  had  previously 
prevailed.  At  this  conference  with  the  Vene- 
tian senators  Galileo  demonstrated  the  truth 
of  the  Copernican  system,  and  showed  how 
all  his  discoveries  had  a  tendency  to  prove 
that  the  earth  is  a  moving  body,  and  that  the 
sun  is  the  centre  of  the  planetary  motions. 

The  following  are  the  respective  distances 
of  the  satellites  of  Jupiter,  in  round  numbers, 
and  the  periodic  times  in  which  they  revolve 
around  that  planet.  The  mean  distance  of 
the  first  satellite  from  the  centre  of  Jupiter  is 
260,000  miles,  or  somewhat  more  than  the 
distance  of  the  moon  from  the  earth ;  and  it 
revolves  around  the  planet  in  1  day,  18  hours, 
S7|^  minutes.  The  second  satellite  is  distant 
420,000  miles,  and  finishes  its  revolution  in 
3  days,  13  hours,  13f  minutes.  The  third  is 
distant  670,000  miles,  and  performs  its  revo- 
lution in  7  days,  3  hours,  42^  minutes.  The 
fourth  sateUite  is  distant  1,180,000  miles,  or 
more  than  four  times  the  distance  of  the  first, 
and  requires  16  days,  16  hours,  and  32  mi- 
nutes to  complete  its  revolution.  These  satel- 
lites suffer  numerous  eclipses  in  passing 
through  the  shadow  of  Jupiter,  as  our  mooii 
is  eclipsed  in  passing  through  the  shadow  of 
the  earth.  But  as  their  orbits  are  very  little 
inclined  to  the  orbit  of  Jupiter,  their  eclipses 
are  much  more  frequent  than  those  of  our 
moon.  The  first  three  satellites  are  eclipsed 
every  time  they  are  in  opposition  to  the  sun. 
The  first  satellite  is  in  opposition  once  in  42^ 
hours,  and,  consequently,  suffers  an  eclipse 
about  eighteen  times  every  month.  The  se- 
cond suffers  eight  or  nine  eclipses,  and  the 
third  about  four  eclipses  every  month.  But 
the  fourth  sateUite  frequently  passes  through 
its  opposition  without  being  involved  in  the 
shadow  of  Jupiter,  and,  consequently,  its 
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eclipfjes  are  less  frequent  than  th  \s^  of  the 
other  three,  only  a  few  of  them  happening  in 
the  course  of  a  year.  As  those  satellites  are 
opaque  globes  like  our  moon — when  they  are 
in  their  inferior  conjunction,  or  in  a  line  be- 
tween Jupiter  and  the  sun — their  bodies  are 
interposed  between  the  sun  and  certain  parts 
of  the  disk  of  the  planet,  so  as  to  cause  an 
eclipse  of  the  sun  to  those  places  over  which 
their  shadow  passes.  These  eclipses,  or  the 
shadows  of  the  satellites  passing  across  the 
body  of  Jupiter,  are  perceived  by  powerful 
telescopes.  Sometimes  the  satellites  them- 
selves may  be  seen  crossing  the  disk  like  lu- 
minous spots  ;  and  sometimes  the  body  of  the 
planet  interposes  between  our  eye  and  the 
satelhtes,  when  they  are  said  to  suffer  an  oc- 
ciiltation.  It  has  been  ascertainrd,  by  the 
calculations  and  investigations  of  La  Place, 
that  the  whole  number  of  these  moons  can 
never  be  eclipsed  at  the  same  time,  and  that 
scarcely  ever  more  than  two  of  them  can  bo 
echpsed  at  once. 

The  following  diagram  (Fig.  86,)  exhibits 
the  system  of  Jupiter's  satellites  nearly  in  the 
proportion  of  their  distances  from  the  planet. 
The  small  circles  on  the  orbit  of  the  third  satel- 
lite represent  the  enlightened  side  of  the  satel- 
lites turned  towards  the  sun,  and  the  dark 
side  in  an  opposite  direction.  The  enlight- 
ened side  of  every  satellite  is  always  very 
nearly  turned  towards  the  earth ;  but  in  their 
revolutions  round  Jupiter  they  present  to  that 
planet  all  the  phases  of  the  moon,  as  repre« 
sen  ted  in  the  figures  marked  on  the  orbit  of 
the  fourth  satellite.  In  the  direction  A,  when 
in  opposition  to  the  sun,  they  appear  like  fall 
moons;  in  the  direction  B  they  assume  a 
gibbous  phase;  at  C  they  appear  like  ^half 
moon;  at  D  like  a  cresce?? if ,-  at  £^,  the  dark 
side  being  turned  towards  the  planet,  the  satel- 
hte  becomes  invisible;  at  jP,  G,  and  H,  it 
again  successively  appears  under  a  crescent, 
a  half  moon,  and  a  gibbous  phase.  In  the 
direction  A  the  satellites  are  in  opposition  to 
the  sun,  as  seen  from  Jupiter,  at  which  time 
they  pass  through  his  shadow,  and  are  eclipsed 
for  the  space  of  more  than  two  hours,  with 
the  exception  of  the  fourth,  which  sometimes 
passes  the  point  of  its  opposition  without  fall- 
ing into  the  shadow.  At  £  the  shadow  of 
the  satellite  passes  across  the  disk  of  Jupiter, 
producing  a  solar  eclipse  to  all  those  regions 
on  his  surface  over  which  the  shadow  moves. 

These  satellites,  when  viewed  from  the 
earth,  do  not  appear  to  revolve  round  Jupiter 
in  the  manner  here  represented,  but  seem  to 
oscillate  backward  and  forward  nearly  in  a 
straight  line.  This  is  owing  to  our  being 
nearly  on  a  level  with  the  plane  of  their  crbita. 
When  the  earth  is  in  one  of  the  geocentric 
nodes  of  a  satellite,  the   plane  of  its  orbit 
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passes  through  our  eye,  and  dierefore  it  ap- 
pears to  be  a  straight  line,  as  a  b,  (Fig.  87,) 
Ko  that,  in  passing  the  half  of  its  orbit  which 
ia  most  distant  from  the  earth,  it  first  seems 
to  move  from  b  to  c,  when  it  is  hidden  for 
jsome  time  by  the  planet,  and  then  from  d  to  a, 
the  point  of  its  greatest  elongation ;  after 
which  it  seems  to  return  again  in  tlie  same 
line,  passing  between  us  and  the  disk  of  the 
planet,  till  it  arrives  at  its  greatest  elongation 
at  b.  In  every  other  situation  of  the  earth, 
the  orbit  of  a  satellite  appears  as  an  eliipsis 
more  or  less  oblong,  as  represented  in  Fig. 
88.  When  it  passes  through  its  superior 
semicircle,  or  that  which  is  more  distant  from 
the  earth  than  Jupiter  is,  as  e,f,  g,  its  motion 
as  diredi  or  according  to  the  order  of  the 
signs ;  when  it  is  in  its  inferior  semicircle, 
nearer  to  us  than  Jupiter,  as  A,  ^,  k,  its  appar- 
ent motion  is  in  the  opposite  direction,  or 
retrograde.  Hence  these  satellites,  as  seen 
tiirough  a  telescope,  appear  nearly  in  a  straight 
line  from  the  body  of  Jupiter,  as  represented 
'm  Fig.  89. 

Fig.  86. 


Magnitude  of  the  Satellites.-— These  bodies, 
Ihough  invisible  to  the  naked  eye,  are  never- 
theless of  a  considerable  size.  The  following 
are  their  diameters  in  miles,  as  stated  by 
Struve.  The  first  satellite  is  2508  miles  in 
diameter,  which  is  considerably  larger  than 
our  moon.  The  second  is  2068  miles  in  di- 
ameter, or  about  the  size  of  the  moon.  The 
third  is  3377  miles  in  diameter,  which  is  more 
fiian  seven  times  the  bulk  of  the  moon.  The 
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fourth  is  2890  miles  in  diameter,  or  abciil 
three  times  the  bulk  of  the  moon  ;  so  that  the 
v/hole  of  Jupiter's  satellites  are  equal  to  nearly 
thirteen  of  our  moons.*  The  superficial  con- 
tents of  the  first  sateUite  is  19,760,885  square 
miles;  of  the  second,  13,435,442;  of  ih<3 
third,  35,827,211  ;  and  of  the  fourth,  26,23S,« 
957  square  miles.     Ti; 


lie  number  oi  squaie 
miles  on  all  the  satellites  is.  therefore,  G5,- 
262.475,  or  more  than  ninety-five  niiilions  of 
square  miles,  which  is  about  double  the  quari" 
tity  of  surface  on  all  the  habitable  parts  of 
our  globe.  At  the  rate  of  280  iuhabitanta 
to  every  square  rnile,  these  satellites  would, 
therefore,  be  capable  of  containing  a  popula- 
tion of  26,073  7]iilUons,  which  is  thirty-threo 
times  greater  than  the  population  of  the  earth., 

The  satellites  of  Jupiter  may  be  seen  with  a 
telescope  magnifying  about  thirty  times;  h\i% 
in  order  to  perceive  their  eclipses  with  advan- 
tage, a  power  of  one  hundred  or  one  hundred 
and  fifty  times  is  requisite.  When  the  bril- 
liancy of  the  satellites  is  examiried  at  diiferenS 
times,  it  appears  to  undergo  a  considerable 
change.  By  comparing  the  mutual  positions 
of  the  satellites  with  the  times  when  they 
acquire  their  maximum  of  light,  Sir  W, 
Herschel  concluded  that,  like  the  moon,  they 
all  turned  round  their  axis  in  the  same 
time  that  they  performed  their  revolution 
round  Jupiter.  The  same  conclusion  had 
been  deduced  by  former  astronomeis  in  refer- 
ence  to  the  fourth  satellite.  This  satellite 
was  sometimes  observed  to  take  but  half  the 
usual  time  in  its  entrance  on  the  disk  of  Jupi= 
ter  or  its  exit  from  it,  which  was  supposed  to 
be  owing  to  its  having  a  dark  spot  upon  it 
that  covered  half  its  diameter;  and,  by  ob- 
serving the  period  of  its  variations,  it  wss  con- 
eluded  that  it  had  a  rotation  round  its  axiso 
These  circumstances  form  a  presumptive  proof 
that  the  surface  of  these  satellites,  like  our 
moon^  are  divei-sified  with  objects  of  different 
descriptions,  and  with  varieties  of  light  and 
shade.  Cassini  suspected  the  first  satellite  to 
have  an  atmosphere,  because  the  shadow  of 
it  could  not  be  seen,  when  he  was  sure  it 
should  have  been,  upon  the  disk  of  Jupiter^ 
if  it  had  not  been  shortened  by  its  atniof^pherev 
as  is  the  case  in  respect  to  th^j  shadow  t>f  tli*? 
earth  in  lunar  eclipses. 

From  what  has  been  stated  respecting  i\.B 
motions,  magnitudes,  and  eclipses  of  ^hfj-si'i 
satellites,  it  is  evident  they  will  present  a  mosJ 

*  Fonner  astronomers  rerkoiix^d  the  bulk  of  th« 
satellites  fareer  than  the  dimensions  here  stated. 
Cassini  and  Maraldi  reckoned  the  diameter  of  thg 
third  satellite  to  be  one-eis;hteenth  of  the  diametef 
of  Jupiter,  and.roTisequently,  nearly  5000  miles  h\ 
diameter;  and  th(»  first  and  second  to  be  one.» 
twentieth  of  Jupiter's  diameter,  or  about  4450 
miles  ;  which  estimation  would  make  the  magpi- 
tudes  of  these  hodses  much  Jarger  than  stated  b^ 
Struve. 
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diveriiified  and  sublime  scenery  in  the  firma- 
ment of  Jupiter.  The  first  satellite  moves 
along  a  circumference  of  1,633,632  miles  in 
the  space  of  42^  hours,  at  the  rate  of  38,440 
miles  an  hour,  which  is  a  motion  sixteen  times 
more  rapid  than  that  of  the  moon  in  its  circuit 
round  the  earth.  During  this  short  period  it 
presents  to  Jupiter  all  the  appearances  of  a 
new  moon,  crescent,  half  moon,  gibbous  phase, 
and  full  moon,  both  in  the  increase  and  de- 
crease ;  so  that,  in  the  course  of  twenty-one 
hours,  it  passes  through  all  the  phases  which 
our  moon  exhibits  to  us ;  besides  suffering  an 
eclipse  in  passing  through  the  shadow  of  the 
planet,  and  producing  either  a  partial  or  total 
eclipse  of  the  sun  to  certain  regions  of  Jupiter 
on  which  its  shadow  fails.  The  rapidity  of 
its  motion  through  the  heavens  will  also  be 
very  striking ;  as  it  will  move  tbrough  the 
whole  hemisphere  of  the  heavens  in  the  course 
of  twenty-one  hours,  besides  its  daily  apparent 
motion,  in  consequence  of  the  diurnal  rotation 
of  Jupiter.  The  other  three  satellites  will 
exhibit  similar  phenomena,  but  in  different 
periods  of  time.  Sometimes  two  or  three  of 
these  moons,  and  sometimes  all  the  four,  will 
be  seen  shining  in  the  firmament  at  the  same 
time ;  one  like  a  crescent,  one  like  a  half 
moon,  and  another  in  all  its  splendour  as  a 
full  enlightened  hemisphere ;  one  entering  into 
an  eclipse,  another  emerging  from  it ;  one  in- 
terposing between  the  planet  and  the  sun,  and 
for  a  short  time  intercepting  his  rays;  one 
advancing  from  the  eastern  horizon,  and  ano- 
ther setting  in  the  west;  one  satellite  causing 
the  shadows  of  objects  on  Jupiter  to  be  thrown 
in  one  direction,  and  another  satellite  causing 
them  to  be  projected  in  another,  or  in  an  op-: 
posite  direction ;  while  the  rapid  motions  of 
these  bodies  among  the  fixed  stars  will  be 
strikingly  perceptible.  Eclipses  of  the  satel- 
lites and  of  the  sun  will  be  almost  an  every- 
day phenomenon,  and  occultations  of  the  fixed 
stars  will  be  so  frequent  and  regular  as  to 
serve  as  an  accurate  measure  of  time. 

The  eclipses  of  Jupiter's  satellites  afford 
signals  of  considerable  use  for  determining  the 
longitude  of  places  on  the  earth.  For  this 
purpose  tables  of  these  eclipses,  and  of  the 
times  at  which  the  satellites  pass  across  the 
disk  of  J  upiter  or  behind  his  body,  are  calcu- 
lated and  inserted  in  the  nautical  and  other 
almanacs.  These  tables  are  adapted  to  the 
meridian  of  the  Royal  Observatory  at  Green- 
wich ;  and  by  a  proper  use  of  them,  in  con- 
nexion with  observations  of  the  eclipses,  the 
true  meridian,  or  the  distance  of  a  place  east 
or  west  from  Greenwich,  may  be  ascertained. 
For  example  :  suppose,  on  the  27th  of  Decem- 
ber, 1837,  the  immersion  of  Jupiter's  first  sa- 
tellite be  observed  to  happen,  in  an  unknown 
meridian,  at  15hourS;23  minutes,  10  seconds, 


I  find  by  the  tables  that  this  immersion  will 
happen  at  Greenwich  at  13  hours,  34  minutes, 
50  seconds  of  the  same  day.  The  difference 
of  the  time  is  1  hour,  48  minutes,  20  seconds, 
which,  being  converted  into  degrees  of  the 
equator  (allowing  15  degrees  for  an  hour,) 
will  make  27  degrees,  5  minutes,  which  is  the 
longitude  of  the  place  of  observation.  This 
longitude  is  east  of  Greenwich,  because  the 
time  of  observation  was  in  advance  of  the 
time  at  the  British  observatory.  Had  the 
time  of  observation  been  behind  tha  t  of  Green- 
wich, for  example,  at  13  hours,  4  minutes,  50 
seconds,  the  place  must  then  ha^e  been  7^ 
degrees  west  of  the  Royal  Observatory.  Before 
Jupiter's  opposition  to  the  sun,  or  when  he 
passes  the  meridian  in  the  morning,  the  shadow 
is  situated  to  the  wcist  of  the  planet,  and  the 
immersions  happen  on  that  side ;  but  after 
the  opposition  the  emersions  happen  to  the 
east.  These  eclipses  cannot  be  observed  with 
advantage  unless  Jupiter  be  eight  degrees 
above,  and  the  sun  at  least  eight  degrees  below 
the  horizon. 

The  eclipses  of  Jupiter's  moons  first  sug- 
gested the  idea  of  the  motiori  of  light.  As 
the  orbit  of  the  earth  is  concentric  with  that 
of  Jupiter,  the  mutual  distance  of  these  two 
bodies  is  continually  varying.  In  the  following 
figure  let  S  represent  the  sun ;  B,  C,  D,  E, 
Fig.  90.  the  orbit  of  the  earth; 

and  G,  H,  a  portion 
of  the  orbit  of  Jupi- 
\  ter.      It    is    evident 

'"/"■"'""■"-■--^  that  when  the  earth 
is  at  E  and  Jupiter 
at  A,  the  earth  will 
be  the  semidiameter 
of  its  orbit  nearer 
Jupiter  than  when  it 
is  at  J5  or  jD  ;  and 
when  at  C  it  will  be 
the  whole  diameter 
of  its  orbit,  or  190,- 
000,000  of  miles  fur- 
ther from  Jupiter 
than  when  it  is  at  E, 
Now  if  light  were 
instantaneous,  the  sa- 
tellite i,  to  a  specta- 
,jj  tor  at  Bf  would  ap- 
pear to  enter  into 
Jupiter's  shadow,  k 
i,  at  the  same  mo- 
ment of  time  as  to 
another  spectator  at  E.  But,  from  numer- 
ous observations,  it  was  found,  that  when 
the  earth  was  at  E,  the  immersion  of  the 
satellite  into  the  shadow  happened  sooner 
by  eight  minutes  and  a  quaiter  than  when 
the  earth  was  at  J5,  and  sixteen  minutes  and 
a  half  sooner  than  when   the  earth  was  at 
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C.  It  v,as  tlierefore  concluded  that  light  is 
not  instantaneous,  but  requires  a  certain  space 
of  time  to  pass  from  one  region  of  the  universe 
to  another,  and  that  the  time  it  takes  in  passing 
from  the  sun  to  the  earth,  or  across  the  semi- 
diametei  of  the  earth's  orbit,  is  eight  minutes 
and  a  quarter,  or  at  the  rate  of  192,000  miles 
every  second,  which  is  more  than  ten  hundred 
thousand  times  swifter  than  a  cannon  ball  the 
moment  it  is  projected  from  the  mouth  of  the 
cannon  ;  and  therefore  it  is  the  swiftest  move- 
ment vi^ith  which  we  are  acquainted  in  nature. 
It  follows  that,  if  the  sun  was  annihilated,  we 
should  set  him  for  eight  minutes  afterward ; 
and  if  he  were  again  created,  it  would  be  eight 
minutes  before  his  light  would  be  perceived. 
The  motion  of  light  deduced  from  the  eclipses 
of  Jupiter's  satellites  has  been  confirmed  by 
Br.  Bradley's  discovery  of  the  aberration  of 
light  produced  by  the  annual  motion  of  the 
earth,  from  which  it  appears  that  the  light 
from  the  fixed  stars  moves  with  about  the 
same  velocity  as  the  light  of  the  sun. 

III.  ON^  THE  SATELLITES  OF  SATURJf. 

Saturn  is  surrounded  with  no  less  than 
seven  satellites,  which  revolve  around  him,  at 
different  distances,  in  a  manner  similar  to 
those  of  Jupiter.  As  they  are  more  difficult 
to  be  perceived  than  the  satellites  of  Jupiter, 
owing  to  the  great  distance  of  Saturn  from  the 
earth,  none  of  them  were  discovered  till  the 
telescope  was  considerably  improved ;  and 
more  than  a  century  intervened  after  the  first 
five  satellites  till  the  sixth  and  seventh  were 
detected.  As  was  to  be  supposed,  the  larger 
satellites  were  first  discovered.  In  the  year 
1665,  about  forty  five  years  afler  the  inven- 
tion of  the  telescope,  M.  Huygens,  a  celebrated 
Dutch  mathematician  and  astronomer,  dis- 
covered the  fourth  satellite,  which  is  the 
largest,  with  a  telescope  twelve  feet  long. 
Four  of  the  others  were  discovered  by  Cas- 
sini ;  the  fifth  in  1671,  which  is  next  in  bright- 
ness to  the  fourth ;  the  third  in  December, 
1673  ;  and  the  first  and  second  in  the  month 
of  March,  1684.  These  four  satellites  were 
first  observed  by  common  refracting  telescopes 
of  100  and  136  feet  in  length  ;  but,  after  being 
acquainted  with  them,  he  could  see  them  all, 
in  a  clear  sky,  with  a  tube  of  thirty-four  feet. 
The  sixth  and  seventh  satellites,  were  dis- 
covered by  Sir  W.  Herschel  in  August,  1789, 
soon,  after  his  large  forty  feet  reflecting  tele- 
scope was  completed.  These  are  nearer  to 
Saturn  than  the  other  five ;  but,  to  avoid  con- 
ftision.  they  are  named  in  the  order  of  their 
discovery.  The  following  is  the  order  of  the 
iateliites  ia  respect  of  their  distance  from  Sa- 
turn . 

Jleveoth.  Sixth.  First.  Second.Third.  Fourth.  Fifth. 
12         3  4  5  6         7 
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The  motions  and  distances  of  these  hodim 
have  not  been  so  accurately  ascertained  as 
those  of  Jupiter.  The  following  statement 
contains  a  near  approximation  of  their  periods 
and  distances.  The  seventh  satellite,  or  that 
nearest  to  Saturn,  is  distant,  120,000  miles 
from  the  centre  of  the  planet,  about  80,000 
from  its  surface,  and  only  about  18,000  miles 
beyond  the  edge  of  the  outer  ring.  It  in: res 
round  the  planet  in  twenty-two  hours,  thirv^- 
seven  minutes,  a  circuit  of  377,000  miles,  at 
the  rate  of  16,755  miles  an  hour.  The  sixth 
satellite,  or  the  second  from  Saturn,  is  distant 
150,000  miles,  and  finishes  its  revolution  in 
one  day,  eight  hoars,  fifty-three  minutes.  The 
first  of  the  old  satellites,  or  the  third  from  Sa- 
turn, fini:^hes  its  periodical  revolution  in  one 
day,  twenty-one  hours,  eighteen  minutes,  at 
the  distance  of  190,000  miles.  The  second 
(or  fourth  from  Saturn,)  in  two  days,  seven-" 
teen  hours,  forty-four  and  three  quarter 
minutes,  at  the  distance  of  243,000  miles. 
The  third  (fifth  from  Saturn,)  in  four  days, 
twelve  hours,  fifty-five  minutes,  at  the  distance 
of  340,000  mdes.  The  fourth  (sixth  from 
Saturn,)  in  fifteen  days,  twenty-two  hours 
fifty-one  minutes,  at  the  distance  of  788,000 
miles.  The  fifth  (seventh  from  Saturn,)  in 
seventy-nine  days,  seven  hours,  and  fifty-four 
and  a  half  minutes,  at  the  distance  of  2,297,- 
000  miles. 

The  orbits  of  the  six  inner  satellites  are  in- 
dined  about  thirty  degrees  to  the  plane  of  Sa- 
turn *s  orbit,  and  lie  almost  exactly  in  the  plane 
of  the  rings,  and  therefore  they  appear  to  move 
in  ellipses  similar  to  the  ellipses  of  the  rings. 
But  the  orbit  of  the  fifth  or  outer  satellite, 
makes  an  angle  with  the  plane  of  Saturn^s 
orbit  of  24  degrees,  45  minutea.  These  satel- 
lites, having  their  orbits  inclined  sit  so  great 
angles  to  Saturn,  cannot  cross  the  body  of  that 
planet,  or  go  behind  it,  or  pass  through  its 
shadow,  as  Jupiter's  satellites  do,  except  on 
rare  occasions,  and  hence  they  very  seldom 
suflfer  eclipses  or  occultations.  T'he  only  time 
when  eclipses  happen  is  near  the  periods  when 
the  ring  is  seen  edgewise.  The  fifth  or  most 
distant  satellite  is  sometimes  invisible  in  the 
eastern  part  of  its  orbit,  which  is  supposed  to 
arise  from  one  part  of  the  satellite  being  less 
luminous  than  the  rest.  Sir  W.  Herschel  oh- 
served  this  satellite  through  all  the  variations 
of  its  light,  and  concluded,  as  Cassini  had  done 
before,  that  it  turned  round  its  axis  like  our 
moon,  in  the  same  time  that  it  performed  its 
revolution  round  Saturn.  In  consequence  of 
this  rotation,  the  obscure  part  of  its  disk  h 
turned  towards  the  earth  when  in  the  part  of 
its  orbit  east  of  Saturn ;  and  the  luminous  por- 
tion of  its  surface  is  turned  to  the  earth  and 
becomes  visible  while  it  passes  through  thf 
western  part  of  its  course. 
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Of  these  satellites  the  two  innermost  are  the 
gmailest  and  the  most  difficult  to  be  perceived. 
They  have  never  been  discerned  but  with  the 
most  powerful  telescopes,  and  then  under  pecu- 
liar circumstances.  At  the  time  of  the  disap- 
pearance of  the  ring,  "  they  have  been  seen 
threading,  like  beads,  the  most  infinitely  thin 
fibre  of  light  to  which  it  is  then  reduced,  and, 
for  a  short  time,  advancing  off  it  at  either  end." 
Few  astronomers  besides  Sir  W.  Herschel  and 
his  son  have  been  able  to  detect  these  small 
bodies.  The  ce'ebrated  Schroeter  and  Dr. 
Harding,  on  the  17th,  20th,  21st,  and  27th  of 
February,  1798,  obtained  several  views  of  the 
sixth  satellite  (the  second  from  Saturn)  by 
means  of  a  reflecting  telescope  13  feet  long, 
carrying  a  power  of  288.  Their  observations 
fully  confirmed  the  accuracy  of  Sir  W.  Her- 
schel's  statement  of  the  period  of  its  revolu- 
tion. The  first  and  second  satellites  (third 
and  fourth  from  Saturn)  are  the  next  smallest ; 
the  third  (fifth  from  Saturn)  is  greater  than 
the  first  and  second ;  the  fourth  (sixth  from 
Saturn)  the  most  conspicuous  and  the  most 
distant  satellite,  according  to  Sir  John  Her- 
schel, is  by  far  the  largest,  although  it  is  not 
60  conspicuous  in  one  part  of  its  orbit.  In 
order  to  see  any  of  the  satellites  of  this  planet, 
a  good  telescope,  with  a  power  of  at  least  70 
or  80  times,  is  requisite,  and  with  such  a  power 
only  the  two  outermost  satellites  will  be  per- 
ceived. To  perceive  all  the  five  old  satellites 
requires  a  power  of  at  least  200  times,  and  a 
considerable  quantity  of  light. 

Magnitude  of  Saturn^s  Satellites. — The 
precise  bulk  of  these  satellites  has  not  yet  been 
accurately  determined.  Sir  John  Herschel 
estimates  the  most  distant  satellite,  which  he 
thinks  the  largest,  as  not  much  inferior  in  size 
to  the  planet  Mars,  which  is  4200  miles  in 
diameter.  The  fourth  satellite,  which  is  the 
most  conspicuous,  cannot  be  supposed  to  be 
much  inferior  to  it  in  bulk.  But  as  the  precise 
dimensions  of  most  of  the  inner  satellites 
cannot  be  estimated  with  accuracy,  we  shall 
not,  perhaps,  exceed  the  dimensions  of  these 
oodiesifwe  suppose  for  the  whole  a  general 
average  of  3000  miles  diameter  for  each.  On 
this  assumption,  the  surface  of  each  satellite 
will  contain  28,274,400  of  square  miles,  which 
is  nearly  double  the  area  of  our  moon.  The 
area  of  all  the  seven  satellites  will  therefore 
amount  to  197,920,800  square  miles,  which  is 
four  times  the  quantity  of  surface  on  all  the 
habitable  parts  of  the  earth.  At  the  rate  of 
280  inhabitants  to  the  square  mile,  these  satel- 
lites would  therefore  contain  55,417,824,000, 
or  more  than  fifty-five  thousand  millions  of 
inhabitants,  which  is  sixty-nine  times  the  po- 
pulation of  our  globe. 

These  satellites  will  present  a  beautiful  and 
variegated  appearance  in  the  firmament  of  Sa- 


turn ;  the  nearest  satellite,  being  only  80,000 
miles  from  the  surface  of  the  planet,  which  19 
only  the  one  third  of  the  distance  of  the  moon 
from  the  earth,  will  exhibit  a  very  large  and 
splendid  appearance.  Supposing  it  to  be  only 
about  the  diameter  of  our  moon,  it  will  present 
a  surface  nearly  nine  times  larger  than  the 
moon  does  to  us  ;  and  in  the  course  of  twenty- 
two  and  a  half  hours  will  exhibit  all  the  phases 
of  a  crescent,  half  moon,  full  moon,  &c.,  v\  hich 
the  moon  presents  to  Us  in  the  course  of  a 
month  ;  so  that  almost  every  hour  its  phase 
will  be  sensibly  changed,  and  its  motion  round 
the  heavens  will  appear  exceedingly  rapid. 
While,  in  consequence  of  the  diurnal  rotation 
of  Saturn,  it  will  appear  to  move  from  east  to 
west,  it  will  also  be  seen  moving  with  a  rapid 
velocity  among  the  stars  in  a  contrary  direc- 
tion, and  will  pass  over  a  whole  hemisphere 
of  the  heavens  in  the  course  of  eleven  hours. 
The  next  satelhte  in  order  from  Saturn,  being 
only  110,000  miles  from  his  surface,  will  also 
present  a  splendid  appearance,  much  larger 
than  our  moon,  and  will  exhibit  all  the  phases 
of  the  moon  in  the  course  of  sixteen  hours. 
All  the  other  satellites  will  exhibit  somewhat 
similar  phenomena,  but  in  different  periods  of 
time.  They  will  appear,  when  viewed  from 
the  surface  of  Saturn,  of  different  sizes;  some 
of  them  nine  times  larger  than  the  moon  ap- 
pears to  us,  some  three  times,  some  double  the 
size,  and  it  is  probable  that  even  the  most  dis- 
tant satellites  will  appear  nearly  as  large  as 
our  moon,  so  that  a  most  beautiful  and  subHme 
variety  of  celestial  phenomena  will  be  pre- 
sented to  a  spectator  in  the  heavens  of  Saturn, 
besides  the  diversified  aspects  of  the  nngs  to 
which  we  formerly  adverted,  all  displaying 
the  infinite  grandeur  and  beneficence  of  the 
Creator, 

IV.  ON  THE  SATELLITES  OF  URANUS. 

This  planet  is  attended  by  six  satellites,  all 
of  which  were  discovered  by  Sir  W.  Herschel, 
to  whom  we  owe  the  discovery  of  the  planet 
itself.  The  second  and  fourth  satellites  were 
detected  in  January,  1787,  about  six  years 
after  the  planet  was  discovered  ;  the  othe  r  four 
were  discovered  several  years  afterward,  but 
their  distances  and  periodical  revolutions  have 
not  been  so  accurately  ascertained  as  those  of 
the  two  first  discovered. 

The  first  of  these  satellites,  or  the  nearest 
to  Uranus,  completes  its  sidereal  revolution  in 
5  days,  21  hours,  and  25  minutes,  at  the  dis- 
tance of  224,000  miles  from  the  centre  of  the 
planet.  The  second  in  8  days,  17  hours,  at 
the  distance  of  291,000  miles.  The  third  in 
10  days,  23  hours,  at  the  distance  of  340,000 
miles.  The  fourth  in  13  days,  11  hours,  at 
the  distance  of  390,000  miles.  The  fifth  in 
38  days,  one  hour,  48  minutes,  at  the  distance 
2  R  (469> 


Hosted  by  Google 


128 


CELESTIAL  SCENERY. 


of  777,000  miles.  The  sixth  in  107  days,  16 
hours,  40  minutes,  at  the  distance  of  1,556,000 
miles. 

These  bodies  present  to  our  view  some  re- 
markable and  unexpected  peculiarities.  Con- 
trary to  the  analogy  of  the  whole  planetary 
system,  the  planes  of  their  orbits  are  nearly 
perpendicular  to  the  ecliptic,  being  inclined 
no  less  than  79  degrees  to  that  plane.  Their 
motions  in  these  orbits  are  likewise  found  to 
be  retrograde,  so  that,  instead  of  advancing 
from  west  to  east  round  Uranus,  as  all  the 
other  planets  and  satellites  do,  they  move  in 
the  opposite  direction.  Their  orbits  are  quite 
circular,  or  very  nearly  so,  and  they  do  not 
appear  to  have  undergone  any  material  change 
of  inclination  since  the  period  of  their  disco- 
very. "  These  anomalous  peculiarities,"  says 
Sir  John  Herschel,  "  seem  to  occur  at  the  ex- 
treme limits  of  the  system,  as  if  to  prepare  us 
for  further  departure  from  all  its  analogies  in 
other  systems  which  may  yet  be  disclosed  to 
us"  in  the  remoter  regions  of  space. 

The  satellites  of  Uranus  are  the  most  diffi- 
cult objects  to  perceive  of  any  within  the 
boundary  of  the  planetary  system,  excepting 
the  two  interior  satellites  of  Saturn ;  and 
therefore  few  observers,  excepting  Sir  William 
and  Sir  John  Herschel,  have  obtained  a  view 
of  them.  Their  magnitudes,  of  course,  have 
never  been  precisely  determined  ;  but  there  is 
every  reason  to  believe  that  they  are,  on  an 
average,  as  large  as  the  satellites  of  Saturn, 
if  not  larger,  otherwise  they  could  not  be  per- 
ceived at  the  immense  distance  at  which  they 
are  placed  from  our  globe.  Supposing  them, 
on  an  average,  to  be  3000  miles  in  diameter — 
and  they  can  scarcely  be  conceived  to  be  less 
— the  surfaces  of  all  the  six  satellites  will 
contain  169,646,400  square  miles,  or  about 
3^  times  the  area  of  all  the  habitable  portions 
of  the  earth ;  and  which,  at  the  rate  formerly 
stated,  would  afford  scope  for  a  population  of 
47,500,992,000,  or  above  forty-seven  thousand 
millions,  which  is  about  sixty  times  the  pre- 
sent number  of  the  inhabitants  of  the  earth. 

The  satellites  of  Uranus  seldom  suffer 
ecHpses ;  but  as  the  plane  in  which  they  move 
must  pass  twice  in  the  year  through  the  sun, 
there  may  be  eclipses  of  them  at  those  times ; 
but  they  can  be  seen  only  when  the  planet  is 
near  its  opposition.  Some  eclipses  were  visi- 
ble hi  1799  and  1818,  when  they  appeared  to 


ascend  through  the  shadow  of  the  planet  m  a 
direction  almost  perpendicular  to  the  plane  oi 
its  orbit.  It  is  probable  that  this  plaup-t  in 
attended  with  more  satellites  than  those  which 
have  yet  been  discovered.  It  is  not  unlikely 
that  two  satellites  at  least  revolve  between  the 
body  of  the  planet  and  the  first  satellite ;  for 
the  third  satellite  of  Saturn  is  not  nearly  w 
far  distant  from  the  surface  of  that  planet  as 
the  first  satellite  of  Uranus  is  from  its  rent  re. 
But  as  the  inner  satellites  may  be  supposed 
to  be  the  smallest,  and  yet  present  as  large  a 
surface  to  the  planet  as  the  exterior  ones,  it  is 
probable  that,  on  account  of  their  diminutive 
size,  they  may  never  be  detected.  It  is  like- 
wise not  improbable  that  two  satellites  may 
exist  in  the  large  spaces  which  intervene  be- 
tween the  orbits  of  the  fourth  and  fifth,  and 
the  fifth  and  sixth  satellites.  All  these  satel- 
lites will  not  only  pour  a  flood  of  light  on 
this  distant  planet,  but  will  exhibit  a  splendid 
and  variegated  appearance  in  its  nocturnal 
firmament. 

The  sateUites  of  Jupiter,  Saturn,  and  Ura- 
nus, of  which  we  have  given  a  brief  descrip- 
tion in  the  preceding  pages,  form,  as  it  were, 
so  many  distinct  plaiietary  systems  in  con- 
nexion with  the  great  system  of  the  sun.  The 
same  laws  of  motion  and  gravitation  which 
apply  to  the  primary  planets  are  also  appli- 
cable to  the  secondary  planets  or  moons.  The 
squares  of  their  periodical  times  are  in  pro- 
portion to  the  cubes  of  their  distances.  They 
are  subject  to  the  attraction  of  their  primaries, 
as  all  the  primary  planets  are  attracted  by  the 
sun ;  and  as  the  sun,  in  all  probabdity,  is  car- 
ried round  a  distant  centre  along  with  all  his 
attendants,  so  the  satellites  are  carried  round 
the  sun  along  with  their  respective  planets ; 
partly  by  the  influence  of  these  planets,  and 
partly  by  the  attractive  power  of  the  great 
central  luminary.  Each  of  these  secondary 
systems  forms  a  system  by  itself,  far  more 
grand  and  extensive  than  the  whole  planetary 
system  was  conceived  to  be  in  former  times. 
Even  the  system  of  Saturn  itself,  including 
its  rings  and  satellites,  contains  a  mass  of 
matter  more  than  a  thousand  times  larger  than 
the  earth  and  moon.  The  system  of  Jupiter 
comprises  a  mass  of  matter  nearly  fifteen  hun- 
dred times  the  size  of  these  two  bodies ;  and 
even  that  of  Uranus  is  more  than  eighty  times 
the  dimensions  of  our  terrestrial  system. 


CHAPTER  V. 

On  the  Perfections  of  the  Deity,  as  displayed  in  the  Planetary  System, 

All.  the  works  of  nature  speak  of  their    misunderstood.     They  proclaim  the  existence 
Author  in  language  which  can  scarcely  be    of  an  original,  uncreated  Cause,  of  an  etema! 
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Pm?9iir  and  Intelligence,  and  of  a  supreme 
agency  which  no  created  being  can  cbntrol. 
"  The  heavens"  in  a  particular  manner  "  de- 
dare  the  glory  of  God,  and  the  iirmament 
showeth  forth  his  handiwork."  When  we 
consider  the  heavenly  orbs  in  their  size,  their 
(iistance,  the  rapidity  of  their  motions,  and 
the  regularity  and  harmony  with  which  they 
perform  their  respective  revolutions,  it  is  ob- 
vious to  the  least  attentive  observer  that  such 
bodies  could  not  have  formed  themselves,  or 
have  arranged  their  motions,  their  periods, 
and  their  laws  in  the  beautiful  order  in  which 
we  now  behold  them.  Motion  of  every  kind 
supposes  a  moving  power.  As  matter  could 
not  make  itself,  so  neither  can  it  set  itself  in 
motion.  Its  motion  must  commence  from  a 
power  exterior  to  itself,  and  that  power  must 
correspond  in  energy  to  the  effect  produced. 
In  the  planetary  system  we  find  bodies  a  thou- 
sand times  larger  than  the  earth  moving  with 
a  velocity  sixty  times  greater  than  a  cannon 
ball,  and  carrying  along  with  them  in  their 
train  other  expansive  globes  in  the  same  swift 
career.  Such  motions  could  only  proceed 
from  a  power  which  is  beyond  calculation  or 
human  comprehension  ;  and  such  a  power  can 
only  reside  in  an  uncreated,  self  existent,  and 
independent  Intelligence.  The  continuance 
of  such  motions  must  likewise  depend  upon 
the  incessant  agency  of  the  same  Almighty 
Being,  either  directly,  or  through  the  medium 
of  such  subordinate  agents  as  he  is  pleased  to 
appoint  for  the  accomplishment  of  his  designs. 
In  this  respect  the  laws  of  motion,  of  attrac- 
tion, gravitation,  electricity,  and  other  powers, 
are  so  many  agents  under  the  direction  and 
control  of  the  Almighty  for  carrying  forwt  d 
the  plans  of  his  physical  and  moral  govei  - 
ment  of  the  universe. 

The  study  of  astronomy  ought  always  to 
have  in  view  as  its  ultimate  object,  to  trace 
the  Divine  perfections  as  displayed  in  the 
phenomena  of  the  heavens.  For,  as  our  poet 
Milton  expresses  it,  "  Heaven  is  as  the  book 
of  God  before  us  set,  wherein  to  read  his 
wondrous  works."  There  is  no  scene  we  can 
contemplate  in  which  the  attributes  of  the 
Divinity  are  so  m.agnificently  displayed.  It 
is  in  the  heavens  alone  that  we  perceive  a 
eensible  evidence  of  the  infinity  of  his  per- 
fections, of  the  grandeur  of  his  operations, 
and  of  the  immeasurable  extent  of  his  uni- 
versal dominions.  Even  the  planetary  sys- 
(era,  small  as  it  is  in  comparison  of  the  whole 
extent  of  creation,  contains  within  it  wonders 
of  creating  Omnipotence  and  skill  which  al- 
most overpower  the  human  faculties,  and  de- 
monstrate the  "  eternal  power  and  godhead" 
of  Him  who  at  first  brought  it  into  existence. 
To  consider  astronomy  merely  as  a  secular 
branch  of  knowledge,  which  improves  naviga- 


tion, and  gives  scope  to  the  matheniatician'a 
skill,  and  to  overlook  the  demonstrations  U 
affords  of  the  invisible  Divinity,  would  be  to 
sink  this  noble  study  far  below  its  native  dig- 
nity, and  to  throw  into  the  shade  the  most 
illustrious  manifestations  of  the  glories  of  the 
Eternal  Mind. 

When  we  contemplate  the  stupendous 
globes  of  which  the  planetary  system  is  com- 
posed, and  the  astonishing  velocit}-  with  which 
they  run  their  destined  rounds,  we  cannot  but 
be  struck  with  an  impressive  idea  of  the 
POWER  of  the  Deity;  of  the  incomprehen- 
sible ek-ehgies  of  the  eternal  mind  that  first 
launched  them  into  existence.  What  are  all 
the  efforts  of  puny  man  as  displayed  m  the 
machinery  he  has  set  in  motion,  and  in  the 
most  magnificent  structures  he  has  reared,  in 
comparison  with  worlds  a  thousand  times 
larger  than  this  earthly  ball,  and  with  forces 
which  impel  them  in  their  courses  at  the  rate 
of  thirty  thousand,  and  even  a  hundred  thou- 
sand miles  an  hour !  The  mind  is  over- 
powered and  bewildered  when  itcontemplatea 
such  august  and  magnificent  operations.  Man, 
with  all  his  imaginary  pomp  and  greatness, 
appears,  on  comparison,  as  a  mere  microscopic 
animalcula,  yea,  as  "less  than  nothing  and 
vanity ;"  and  such  displays  of  the  omnipo- 
tence of  Jehovah  are  intended  to  bring  down 
the  "  lofty  looks  of  men,"  and  to  stain  the 
pride  of  all  human  grandeur,  "  that  no  flesh 
should  glory  in  his  presence."  Without  ma- 
terials, and  without  the  aid  of  instruments  or 
machinery,  the  foundations  of  the  planetary 
system  were  laid,  and  all  its  arrangements 
completed.  "He  only  spake,  and  it  was 
done ;"  he  only  gave  the  command,  and 
mighty  worlds  started  into  existence  and  run 
their  spacious  rounds.  "  By  the  word  of  the 
Lord  were  the  heavens  made,  and  all  the  host 
of  them  by  the  breath  of  his  mouth."  That 
Almighty  Being  who,  by  a  single  volitioru 
could  produce  such  stupendous  effects,  musfc 
be  capable  of  effecting  what  far  transcends 
our  Hmited  conceptions.  His  agency  must  be 
universal  and  uncontrollable,  and  no  created 
being  can  ever  hope  to  frustrate  the  }  urposes 
of  his  will  or  counteract  the  tiesigns  of  hi» 
moral  government.  Whatever  he  has  pro» 
mised  will  be  performed ;  whatever  he  has 
predicted  by  his  inspired  messengers  must 
assuredly  be  accomplished.  "  For  the  king- 
dom is  the  Lord's,  he  is  the  Governor  amongf 
the  nations,"  and  all  events,  and  the  move- 
ments of  all  intelligent  beings,  are  subject  to 
his  sovereign  control.  "  Though  the  moun- 
tains should  be  carried  into  the  midst  of  the 
seas,  and  the  earth  reel  to  and  fio  like  » 
drunkard;"  yea,  though  this  spacious  globe 
should  be  wrapped  in  flames,  and  "  all  that  it 
inherits  be  dissolved,"  yet  that  power  whica 
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brought  into  existence  the  planetary  worlds, 
and  has  supported  thein  in  their  rapid  career 
for  thousands  of  years,  can  cause  "  new  hea- 
vens and  a  new  earth,  wherein  dwelleth  right- 
eousness," to  arise  out  of  its  ruins,  and  to 
remain  in  undiminished  beauty  and  splendour. 

"  The  heavens,"  says  an  inspired  writer, 
"  declare  the  glory  of  the  Lord,  and  there  is 
no  speech  nor  language  where  their  voice  is 
not  heard."  Even  the  pagan  nations  were 
impressed  with  the  power  of  a  supreme  intel- 
ligence from  a  contemplation  of  the  nocturnal 
firmament.  "  When  we  behold  the  heavens," 
says  Cicero,  **  when  we  contemplate  the  celes- 
tial bodies,  can  we  fail  of  conviction  1  Must 
we  not  acknowledge  that  there  is  a  Divinity, 
a  perfect  being,  a  ruling  intelligence  that  go- 
verns, a  God  who  is  every  where,  and  directs 
all  by  his  power  1  Any  one  who  doubts  this 
may  as  well  deny  that  there  is  a  sun  that  en- 
lightens us."  Plato,  when  alluding  to  the 
motions  of  the  sun  and  planets,  exclaims, 
"  How  is  it  possible  for  such  prodigious  masses 
to  be  carried  round  for  so  long  a  period  by 
any  natural  cause  ?  for  which  reason  I  assert 
God  to  be  the  great  and  first  cause,  and  that 
it  is  impossible  it  should  be  otherwise." 

A  very  slight  view  of  the  planetary  S37^stem 
is  sufficient  to  impress  our  minds  with  an 
overpowering  sense  of  the  grandeur  and 
omnipotence  of  the  Deity.  In  one  part  of  it 
we  behold  a  globe  fourteen  hundred  times 
larger  than  our  world  flying  through  the  depths 
of  space,  and  carrying  along  with  it  a  retinue 
of  revolving  worlds  in  its  swift  career.  In  a 
more  distant  region  of  this  system  we  behold 
another  globe,  of  nearly  the  same  size,  sur- 
rounded by  two  magnificent  rings,  which 
would  inclose  500  worlds  as  large  as  ours, 
winging  its  flight  through  the  regions  of  im- 
mensity, and  conveying  along  with  it  seven 
planetary  bodies  larger  than  our  moon,  and 
the  stupendous  arches  with  which  it  is  en- 
circled, over  a  circumference  of  five  thousand 
seven  hundred  millions  of  miles.  Were  we 
to  suppose  ourselves  placed  on  ^e  nearest  sa- 
tellite of  this  planet,  and  were  the  satellite  sup- 
posed to  be  at  rest,  we  should  behold  a  scene 
oif grandeur  altogether  overwhelming;  a  globe 
filling  a  great  portion  of  the  visible  heavens, 
encircled  by  its  immense  rings,  and  surrounded 
by  its  moons,  each  moving  in  its  distinct  sphere 
and  around  its  axis,  and  all  at  the  same  time 
fiying  before  us  in  perfect  harmony  with  the 
velocity  of  22,000  miles  an  hour.  Such  a 
gcene  would  far  transcend  every  thing  we  now 
behold  iVom  our  terrestrial  sphere,  and  all  the 
conceptions  we  can  possibly  form  of  motion, 
of  subliftiity,  and  grandeur.  Contemplating 
guch  an  assemblage  of  magnificent  objects 
moving  through  the  ethereal  regions  with  such 
astonishing  velocity,  we  would  feel  the  full 
(472; 


force  of  the  sentiments  of  inspiration  :  "  Tiis 
Loiii)  Gon  OivTisrfpoTENT  mncfNETH.  His 
power  is  irresistible  ;  his  greatness  is  unsearch- 
able ;  wonderful  things  doth  he  which  we  can- 
not comprehend."  The  motions  of  the  bodies 
which  compose  this  system  convey  an  impres- 
sive idea  of  the  agency  and  the  energies  of 
Omnipotence.  One  of  these  bodies,  (Ughty 
times  larger  than  the  earth,  and  the  slowest 
moving  orb  in  the  system,  is  fo^jnd  to  move 
through  its  expansive  orbit  at  the  rate  of  fifteen 
thousand  miles  an  hour ;  another  at  twenty- 
nine  thousand  miles  in  the  same  period, 
although  it  is  more  than  a  thousand  times  the 
size  of  our  globe  ;  another  at  the  rate  of  eighty 
thousand  miles;  and  a  fourth  with  a  velocity 
of  more  than  a  hundred  thousand  miles  every 
hour,  or  thirty  miles  during  every  beat  of  our 
pulse.  The  mechanical  forces  requisite  to 
produce  such  motions  surpass  the  mathemati- 
cian's skill  to  estimate  or  the  power  of  num- 
bers to  express.  Such  astonishing  velocities, 
in  bodies  of  so  stupendous  a  magnitude,  though 
incomprehensible  and  overwhelming  to  our 
limited  faculties,  exhibit  a  most  convincing 
demonstration  of  the  existence  of  an  agency 
and  a  power  which  no  created  beings  can  ever 
counteract,  and  which  no  limits  can  control. 
Above  all,  the  central  body  of  this  system  pre- 
sents to  our  view  an  olyect  which  is  altogether 
overpowering  to  human  intellects,  and  of 
which,  in  our  present  state,  we  shall  neve  be 
able  to  form  an  adequate  conception.  A  lumi- 
nous globe,  thirteen  hundred  thousand  times 
larger  than  our  world,  and  five  hundred  times 
more  capacious  than  all  the  planets,  satellites, 
and  comets  taken  together,  and  this  body  re- 
vc'ving  round  its  axis  and  through  the  regions 
of  space,  extending  its  influences  to  the  re- 
n  )test  spaces  of  the  system,  and  retaining  by  its 
attractive  power  all  the  planets  in  their  orbits, 
is  an  object  which  the  limited  faculties  of  the 
human  mind,  however  improved,  can  never 
grasp,  in  all  its  magnitude  and  relations,  so  as 
to  form  a  full  and  comprehensive  idea  of  its 
magnificence.  But  it  displays  in  a  most  as- 
tonishing manner  the  (juandeuh  of  Him  who 
launched  it  into  existence,  and  lighted  it  up 
"by  the  breath  of  his  mouth ;"  and  it  exhibits 
to  all  intelligences  a  demonstration  of  his 
"  eternal  power  and  godhead."  So  that,  al- 
though there  were  no  bodies  existing  in  the 
universe  but  those  of  the  planetary  system, 
they  would  afford  an  evidence  of  a  power  to 
which  no  limits  can  be  assigned,  a  power 
which  is  infinite,  universal,  and  uncontrollable. 
The  planetary  system  likewise  exhibits  a 
display  of  the  wisdom  and  intelligence  of  the 
Deity.  If  it  is  an  evidence  of  wisdom  in  an 
artist  that  he  has  arranged  all  the  parts  of  a 
machine,  and  proportioned  the  movements  of 
its  different  wheels  and  pinions  so  as  exactly 
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tft  accomplish  the  end  intended,  then  the  ar- 
rsiagement  of  the  planetary  system  affords  a 
bright  display  of  "  the  manifold  wisdom  of 
God."  in  the  centre  of  this  system  is  placed 
the  great  source  of  light  and  heat ;  and  from 
no  othfyr  point  could  those  solar  emanations  be 
propagated,  in  an  equable  and  uniform  man- 
ner, to  the  worlds  which  roll  around  it.  Had 
the  sun  been  placed  at  a  remote  distance  from 
the  centre,  or  near  one  of  the  planetary  orbits, 
the  planets  in  one  part  of  their  course  would 
have  been  scorched  with  the  most  intense 
heat,  and  in  another  part  would  have  been 
subjected  to  all  the  rigors  of  excessive  cold ; 
thei^  motions  would  have  been  deranged,  and 
their  present  constitution  destroyed.  The 
enormous  bulk  of  this  central  body  was  likewise 
requisite  to  diffuse  light  and  attractive  influence 
throughout  every  part  of  the  system.  The 
diurnal  rotations  of  the  planets  evince  the 
same  wisdom  and  intelligence.  Were  these 
bodies  destitute  of  diurnal  motions,  one  half  of 
their  surface  would  be  parched  with  perpetual 
day,  and  the  other  half  involved  in  the  gloom 
of  a  perpetual  night.  To  the  inhabitants  of 
one  hemisphere  the  sun  would  never  appear, 
and  to  the  inhabitants  of  the  other  the.  stars 
vvould  be  invisible;  and  those  expansive 
regions  of  the  universe,  where  the  magnifi- 
cence of  God  is  so  strikingly  displayed,  would 
be  for  ever  veiled  from  their  view.  The  per- 
manency of  the  axes  on  which  the  planets 
revolve  was  likewise  necessary,  in  order  to  the 
stability  of  the  system  and  the  comfort  of  its 
inhabitants ;  and  so  we  find  that  their  poles 
point  invariably  in  the  same  direction  or  to 
the  same  points  of  the  heavens,  with  only  a 
slight  variation  scarcely  perceptible  till  after 
the  lapse  of  centuries.  As  the  planets  are  of 
a  spheroidal  figure,  had  the  direction  of  their 
axes  been  liable  to  frequent  and  sudden 
changes,  the  most  alarming  and  disastrous 
-atastrophes  might  have  ensued.  In  such  a 
globe  as  ours,  the  shifting  of  its  axis  might 
change  the  equatorial  parts  of  the  earth  into 
the  polar,  or  the  polar  into  the  equatorial,  to 
the  utter  destruction  of  those  plants  and  ani- 
mals which  are  not  capable  of  interchanging 
their  situations.  Such  a  change  would  like- 
wise cause  the  seas  to  abandon  their  former 
positions,  and  to  rush  to  the  new  equator  ;  the 
consequence  of  which  would  be,  that  the 
greater  part  of  the  men  and  animals  with 
which  it  is  now  peopled  would  be  again  over- 
whelmed in  a  general  deluge,  and  the  habit- 
able earth  reduced  to  a  cheerless  desart.  But 
all  such  disasters  are  prevented  by  the  per- 
manent position  of  the  axis  of  our  globe  and 
of  the  other  planets  during  every  part  of  their 
annual  revolutions,  as  fixed  and  determined 
by  Him  who  is  "  wonderful  in  comisel  and  ex- 
cellent in  working." 
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The  same  wisdom  is  conspi(uoiis  in  m 
nicely  balanchig  a7id proporUoaing  the  mag" 
nitudes,  motions,  and  distances  of  the  planet- 
ary orbs.  We  find  that  the  larger  planets 
move  in  orbits  most  remote  from  the  smaller 
planets  and  from  the  centre  of  the  system.  If 
the  great  planets  Jupiter  and  Saturn  had 
moved  in  lower  spheres  and  at  no  grvat  dis- 
tance from  the  smaller,  their  attractive  foice 
would  have  had  a  much  more  ))0werful  inSu- 
ence  than  it  now  has  in  disturbing  the  planet- 
ary motions,  and  might  have  introduced  con- 
siderable confusion  into  the  systrm.  But, 
while  they  revolve  at  so  great  distances  from 
all  the  inferior  planets,  their  iufiuence  is  in- 
considerable, and  the  slight  perturbations  they 
produce  are  not  permanent,  but  periodical ; 
they  come  to  a  limit,  and  then  go  back  again 
to  the  same  point  as  before.  Agaiji,  the  law 
of  gravitation,  by  which  the  planets  are  di- 
rected in  their  motions,  is  also  an  evidence  of 
Divine  intelligence.  The  law  is  found  to  act 
reciprocally  as  the  square  of  the  distance  ;  that 
is,  at  double  the  distance  it  has  ojie  fourth, 
and  at  triple  the  distance  one  ninth  of  the 
force ;  at  one  half  the  distance  it  has  fom* 
times,  and  at  one  third  the  distance  it  has  nine 
times  the  strength  or  influence.  Nov/  it  could 
easily  be  shown,  that  a  law  directly  opposite 
to  this,  or  even  differing  materially  from  it, 
would  not  only  derange  the  harmony  of  the 
system,  but  might  be  attended  with  the  most 
disastrous  consequences.  If,  for  instance,  a 
planet  as  large  and  as  remote  as  Saturn  had 
attracted  the  earth  in  proportion  to  the  quan- 
tity of  matter  it  contains,  and,  at  the  same 
time,  in  any  propo7'fio7i  to  its  distance ;  in 
other  words,  had  its  attractive  power  been 
greater  the  further  it  was  removed  from  us,  it 
would  have  dragged  our  globe  out  of  its  course, 
deranged  its  motions,  and,  in  all  probability, 
deprived  us  of  the  security  we  now  possess, 
and  of  all  the  prospects  and  enjoyments  which 
depend  upon  its  equable  and  harmonious  move- 
ments. There  is  no  contrivance  in  the  system 
more  wonderful  than  the  jiiigs  of  Saturn. 
That  these  rings  should  be  separated  thirty 
thousand  miles  fi'om  the  body  of  the  planet ; 
that  they  should,  notwithstanding,  ac^^Oinpany 
the  planet  in  its  revolution  round  the  sun,  pre- 
serving invariably  the  same  distance  from  it; 
that  they  should  revolve  round  the  planet  every 
ten  hours,  at  the  immense  velocity  of  niore 
than  a  thousand  miles  in  a  minute  ;  and  that 
they  should  never  fly  off  to  the  distant  regions 
of  space,  nor  fall  down  upon  the  planet,  are 
circumstances  which  require  adjustnients  far 
more  intricate  and  exquisite  than  we  can  con- 
ceive, and  demonstrate  that  the  almighty  con- 
triver of  that  stupendous  appendage  to  the 
globe  of  Saturn  is  "  great  in  counsel  and 
mighty  in  operation."  Yet  these  adjust  mentj^^ 
2  R  2  (473) 
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in  whatever  they  may  consist,  have  been  com- 
pletely elfected.  For  this  planet  has  been 
flying  through  the  regions  of  space  in  a  regular 
curve  for  thousands  of  years,  and  the  system 
of  its  satellites  and  rings  still  remains  perma- 
nent and  unimpaired  as  at  its  first  creation. 
■  An  evidence  of  wisdom  may  likewise  be 
perceived  in  the  distance  at  which  each  planet 
is  placed  from  the  greafc  central  body  of  the 
system.  In  the  case  of  our  own  globe,  its 
distance  from  the  sun  is  so  adjusted  as  to 
correspond  to  the  density  of  the  earth  and 
waters,  to  the  temper  and  constitution  of  the 
bodies  of  men  and  other  animals,  and  to  the 
general  state  of  all  things  here  below.  The 
quantity  of  light  which  the  central  luminary 
diffuses  around  us  is  exactly  adapted  to  the 
structure  of  our  eyes,  to  the  width  of  their 
pupils,  and  the  nervous  sensibility  of  the 
retina.  The  heat  it  produces,  by  its  action 
on  the  caloric  connected  with  our  globe,  is  of 
such  a  temperature  a ;  is  exactly  suited  to  the 
nature  of  the  soil  and  to  the  constitution  of 
the  animal  and  vegetable  tiibes.  It  is  placed 
at  such  a  distance  as  to  enlighten  and  warm 
us,  and  not  so  near  as  to  dazzle  us  with  its 
splendour  or  scorch  us  with  its  excessive  heat ; 
but  to  cheer  all  the  tribes  of  living  beings,  and 
to  nourish  the  soil  v/ith  its  kindly  warmth. 
"Were  the  earth  removed  fifty  millions  of 
miles  further  from  the  sun,  every  thing  around 
us  would  be  frozen  up,  and  we  should  be 
perpetually  shivering  amid  all  the  rigors  of 
excessive  cold.  Were  it  placed  as  much 
nearer,  the  waters  of  the  rivers  and  the  ocean 
would  be  transformed  into  vapour;  the  earth 
would  be  hardened  into  an  impenetrable  crust; 
the  process  of  vegetation  would  cease  ;  and  all 
the  orders  of  animated  oeings  would  faint 
under  the  excessive  splendour  of  the  solar 
beams.  There  can  be  no  doubt  that  the 
distances  of  the  other  planets  are  likewise 
adapted  to  the  nature  of  the  substances  of 
which  they  are  composed  and  the  constitution 
of  their  inhabitants.  We  find  that  the  densi- 
ties  of  these  bodies  decrease  in  proportion  to 
their  distance  from  the  sun;  and  it  is  highly 
probable  that  this  is  one  reason,  among  others, 
why  they  are  placed  at  different  distances, 
and  are  thus  adapted  to  the  greater  or  less 
degree  of  influence  which  the  central  luminary 
may  produce  on  their  surfaces. 

The  fii^iires  of  the  planetary  bodies  like- 
wise indicate  contrivance  and  intelligence. 
They  are  all  either  of  a  spherical  or  spheroidal 
form,  and  this  figure  is  evidently  the  best 
adapted  to  a  habitable  world.  It  is  the  most 
capacious  of  all  forms,  and  contains  the 
greatest  quantity  of  area  in  the  least  possible 
space.  It  is  the  best  adapted  to  motion,  both 
annual  and  diur'ial,  every  part  of  the  surface 
"ijeing  nearly  at  the  same  distance  from  the 
(474) 


centre  of  gravity  and  motion.  Without  thk 
figure  there  could  have  been  no  comfortable 
and  regular  alternations  of  day  and  night  m 
our  world  as  we  now  enjoy,  and  the  light  of 
the  sun  and  the  mass  of  waters  could  not  have 
been  equably  distributed.  Had  the  earth  been 
of  a  cubical,  prismatic,  or  pentagonal  form,  or 
of  any  other  angular  figure,  some  parts  would 
have  been  comparatively  near  the  centre  of 
gravity,  and  others  hundreds  or  thousands  of 
miles  further  from  it ;  certain  countries  would 
have  been  exposed  to  furious  tempests,  which 
would  have  overturned  and  destroyed  every 
object,  while  others  would  have  been  stifleii 
for  want  of  currents  and  agitation  in  the  air; 
one  part  would  have  been  overwhelmed  with 
water,  and  another  entirely  destitute  of  the 
liquid  element ;  one  part  might  have  enjoyed 
the  benign  influence  of  the  sun,  while  another 
might  have  been  within  the  shadow  of  eleva- 
tions a  hundred  miles  high,  and  in  regions  of 
insufferable  cold.  In  short,  while  one  country 
might  have  resembled  a  paradise,  others  would 
have  been  transformed  into  a  chaos,  where 
nothhig  was  to  be  seen  but  barrenness  and 
hideous  desolation ;  but  the  globular  figure 
which .  the  Creator  has  given  to  our  world 
prevents  all  such  inconveniences  and  evils, 
and  secures  to  us  all  the  advantages  we  enjoy 
from  the  equable  distribution  of  light  and 
gravity,  of  the  waters  of  our  seas  and  rivers, 
and  of  the  winds  and  motions  of  the  atmo- 
sphere ;  and  arrangements  similar  or  analo- 
gous are  enjoyed  by  all  the  other  planetary 
worlds,  in  consequence  of  the  globular  figure 
which  has  been  impressed  upon  them. 

The  same  Divine  Wisdom  is  displayed 
throughout  the  solar  system  in  the  nice  ad- 
justment of  the  projectile  velocity  to  the 
attractive  power.  The  natural  tendency  of 
all  motion,  impressed  by  a  single  force,  is  to 
make  the  body  move  in  a  straight  line.  The 
projectile  force  originally  given  to  the  planets, 
if  not  counteracted,  would  carry  them  away 
from  the  sun,  in  right  lines,  through  the 
regions  of  infinite  space.  On  the  other  hand, 
had  the  planets  been  acted  upon  solely  ny  an 
attractive  power  proceeding  from  the  centre, 
they  would  have  moved  with  an  increased 
velocity  towards  that  centre,  and,  in  a  short 
time,  have  fallen  upon  the  body  of  the  sun. 
Now  the  Divine  Intelligence  strikingly  ap- 
pears in  nicely  proportioning  and  balancing 
these  two  powers,  so  as  to  make  the  planets 
describe  orbits  nearly  circular.  If  these  powers 
had  not  been  accurately  adjusted,  the  w^hole 
system  would  have  run  into  confusion.  For, 
were  the  velocity  of  any  planet  double  to  what 
would  make  it  move  in  a  circle  or  ellipse,  it 
would  rush  from  its  sphere  through  the  re» 
gions  of  immensity,  and  never  again  return  to 
its  former  orbit.     Or,  should  half  its  velocity 
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be  taken  away,  the  planet  would  descend 
obiiqwely  towards  the  sun  till  it  became  four 
times  nearer  him  than  before,  and  then  ascend 
to  its  foimer  place ;  and  by  ascending  and 
descendhig  alternately,  would  describe  a  very 
eccentric  orbit,  and  would  feel  the  influence 
of  tne  solar  light  and  power  sixteen  times 
g:reater  m  one  part  of  its  course  than  in 
another;  which  would  prevent  such  a  globe 
as  ours,  an  J  probably  all  the  planetary  bodies, 
from  being  habitable  worlds.  But,  in  this 
respect,  every  part  of  celestial  mechanism  is 
adjusted  with  the  nicest  skill,  and  the  whole 
system  appears  a  scene  of  beauty,  order,  and 
stability  worthy  of  the  intelligence  of  Him 
*'who  hath  established  the  world  by  his  wis- 
dom, and  stretched  out  the  heavens  by  his 
understanding."  And  as  the  power  of  gravi- 
tation was  first  impressed  upon  matter  by  the 
hand  of  the  Creator,  so  its  continued  action 
is  every  moment  dependent  on  his  sovereign 
will.  Were  its  influence  to  be  suspended, 
the  whole  system  would  immediately  dissolve 
and  run  into  confusion.  The  centrifugal  force 
of  the  planets,  in  whirling  round  their  axes, 
would  shatter  them  into  pieces  and  dissipate 
their  parts  throughout  the  circumambient 
spaces;  every  portion  of  matter  would  fly  in 
straight  lines,  according  as  the  projectile  force 
chanced  to  direct,  at  the  moment  this  power 
was  suspended ;  and  the  regions  of  infinite 
space,  instead  of  presenting  a  prospect  of 
beauty  and  order,  would  become  a  scene  of 
derangement,  overspread  with  the  wrecks  of 
all  the  globes  in  the  universe;  so  that  the 
order  and  stability  of  universal  nature  entirely 
depends  upon  the  will  and  the  omnipotence 
of  the  Deity  in  sustaining  in  constant  action 
the  power  of  universal  gravitation.  Were  it 
his  pleasure  that  the  material  world  should  be 
dissolved  and  its  inhabitants  destroyed,  he  has 
only  to  interpose  his  Almighty  fiat,  and  pro- 
claim, "  Let  the  power  of  attraction  be  sus- 
pended," and  the  vast  universe  would  soon 
be  unhinged  and  return  to  its  original  chaos. 

In  short,  the  depth  of  the  Divine  Wisdom 
might  have  been  illustrated  from  the  constant 
proportion  between  the  times  of  the  periodical 
revolutions  of  all  the  planets,  primary  and 
secondary,  and  the  cubes  of  their  mean  dis- 
tances; from  the  constancy  and  regularity  of 
their  motions,  that,  amid  so  immense  a  variety 
of  moving  masses,  all  should  observe  their 
due  bounds  and  keep  their  appointed  paths, 
to  answer  the  great  ends  of  their  creation ; 
from  the  exactness  with  which  they  run  their 
destined  rounds,  finishing  their  circuits  with 
so  much  accuracy  as  not  to  deviate  from  the 
periods  of  their  revolutions  a  single  minute  in 
a  hundred  years;  from  the  distances  of  the 
s^iveral  planets  from  the  sun,  compared  with 
Sheir  respective  densities^  from  their  velocities 


in  their  orbits  compared  with  their  distances 
from  the  central  luminary ;  from  the  wonder- 
ful simplicity  of  the  laws  on  which  so  much 
beauty,  harmony,  and  enjoyment  depend  ;  and 
from  various  other  considerations,  all  which 
would  tend  to  demonstrate  that  He  who 
framed  the  planetary,  system  is  *'  the  only 
wise  God,"  whose  "understanding  is  infinile," 
and  the  depth  of  whose  intelligence  is  "  past 
finding  out." 

From  what  we  have  now  stated,  we  may 
see  what  a  beautiful  and  divine  fabric  the 
solar  system  exhibits.  Like  all  the  arrange- 
ments of  Infinite  Wisdom  its  foundations  are 
plain  and  simple,  but  its  superstructure  is 
wonderful  and  diversified.  The  causes  which 
produce  the  effects  are  few,  but  the  phenomena 
are  innumerable.  While  the  ends  to  be  ac 
complished  are  numerous  and  various,  the 
means  are  the  fewest  that  could  possibly  bring 
the  design  into  effect.  What  a  striking  con- 
trast is  presented  between  the  works  of  Om- 
nipotence as  they  really  exist,  and  the  bung- 
ling schemes  of  the  ancient  astronomers'!  v/ho, 
with  all  their  cycles,  epicycles,  concentric  and 
eccentric  circles,  their  deferents,  and  solid 
crystalline  spheres,  could  never  account  for 
the  motions  of  the  planetary  orbs,  nor  explain 
their  phenomena.  The  plans  of  the  Almighty, 
both  in  the  material  world  and  in  his  moral 
government,  are  quite  unlike  the  circumscribed 
and  complex  schemes  of  man.  Like  himself, 
they  are  magnificent  and  stupendous,  and  yet 
accomplished  by  means  apparently  weak  and 
simple.  All  his  works  are  demonstrations,  not 
only  of  his  existence,  but  of  his  inscrutable 
wisdom  and  superintending  providence.  As 
the  accomplishments  of  every  workman  are 
known  from  the  work  which  he  executes,  so 
the  operations  of  the  Deity  evince  his  supreme 
agency  and  his  boundless  perfections.  What 
being  less  than  infinite  could  have  arranged 
the  solar  system,  and  launched  from  his  hand 
the  huge  masses  of  the  planetary  worlds  1 
What  mathematician  could  so  nicely  calculate 
their  distances  and  arrange  their  motions'? 
Or  what  mechanic  so  accurately  contrive  their 
figures,  adjust  their  movements,  or  balance 
their  projectile  force  with  the  power  of  gravi- 
tation] None  but  He  whose  power  is  su- 
preme and  irresistible,  whose  agency  is  uni- 
versal, and  whose  wisdom  is  unsearchable. 

In  the  last  place,  the  planetary  system  ex- 
hibits a  display  of  the  goodjtess  of  the  Creator 
and  of  his  superintending  care.  The  good- 
ness of  God  is  that  perfection  of  his  nature  by 
which  he  delights  to  (communicate  happiness 
to  every  order  of  his  creatures.  Now  all  the 
movements  and  arrangements  of  the  planetary 
bodies  are  so  ordered  and  directed  as  to  act  in 
subserviency  to  the  happiness  of  sentient  and 
intelligent  beings.  This  is  evidently  the  grand 
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design  of  all  the  wise  contrivances  to  which 
we  have  adverted.  The  spherical  jfigure  given 
to  all  the  planets  for  the  regular  distribution 
of  the  waters  of  the  seas  and  rivers,  and  of  the 
currents  of  the  atmosphere ;  their  rotation  on 
their  axes,  to  produce  the  alternate  succession 
cf  day  and  night;  the  situation  of  the  sun  in 
ihe  centre  of  the  system,  for  the  equable  dis- 
tributior  of  light  and  heat  to  surrounding 
plauets  ;  and  an  apparatus  of  rings  and  moons, 
to  reflect  a  mild  radiance  in  the  absence  of  the 
sun,  are  contrivances  which  can  only  have  a 
respect  to  the  comfort  and  convenience  of 
animated  beings ;  for  they  can  serve  no  pur- 
pose to  mere  inert  matter  devoid  of  life  and 
mtelligence,  and  the  Creator,  so  far  as  we 
know,  never  employs  means  without  a  corres- 
ponding end  in  view.  In  our  world,  the  utility 
of  these  arrangements,  in  order  to  our  happi- 
ness, is  obvious  to  the  least  reflecting  mind. 
Without  light  our  globe  would  be  little  else 
than  a  gloomy  prison  ;  for  it  is  this  that  cheers 
the  heart  of  man,  and  unveils  to  our  view  the 
beauties  and  sublimities  of  creation  ;  and  had 
the  earth  no  rotation,  and  were  the  sun  con- 
tinually shining  on  the  same  hemisphere,  the 
temperate  zones  as  well  as  the  equatorial  re- 
gions would  be  parched  with  a  perpetual  day, 
the  moisture  of  the  soil  evaporated,  the  earth 
hardened,  vegetables  deprived  of  nourishment, 
the  functions  of  the  atmosphere  deranged,  and 
numerous  other  inconveniences  would  ensue, 
from  which  we  are  now  protected  by  the  ex- 
isting arrangements  of  nature  ;  and  as  such 
contrivances  are  essential  to  the  comfort  of 
the  inhabitants  of  the  earth,  so  we  have  every 
reason  to  conclude  that  these  and  all  the  ad- 
ditional arrangements  connected  with  other 
planets  are  intended  to  promote  the  enjoyment 
of  the  different  orders  of  sensitive  and  intelli- 
gent existence  with  which  they  are  peopled. 

As  the  object  of  the  wise  contrivances  of 
the  Deity  is  the  communication  of  happiness, 
it  would  be  inconsistent  with  every  rational 
view  we  can  take  of  his  wisdom  and  intelli- 
gence not  to  admit  that  the  same  end  is  kept 
in  view  in  every  part  of  his  dominions,  how- 
ever far  removed  from  the  sphere  of  our  im- 
mediate contemplation,  and  though  we  are  not 
permitted  in  the  mean  time  to  inspect  the 
minute  details  connected  with  the  economy 
cf  other  worlds ;  for  the  Creator  must  always 
be  considered  as  consistent  with  himself,  as 
acting  on  the  same  eternal  and  immutable 
principles  at  all  times,  and  throughout  every 
department  of  his  empire.  He  cannot  be 
supposed  to  devise  means  in  order  to  accom- 
plish important  ends  in  relation  to  our  world, 
while  in  other  regions  of  creation  he  devises 
means  for  no  end  at  alL  To  suppose,  for  a 
moment,  such  a  thing  possible,  woidd  be 
liighly  derogatory  to  the  Divine  character, 
(476) 


and  would  confound  all  our  ideas  of  the  har- 
mony and  consistency  of  the  attributes  of  him 
who  is  "tlie  only  wise  God."  We  have, 
therefore,  the  highest  reason  to  conclude,  thai 
not  only  this  earth,  but  the  whole  of  the  pla- 
netary system,  is  a  scene  of  divine  benevo- 
lence ;  for  it  displays  to  our  view  a  number  of 
magnificent  globes,  with  special  contrivances 
and  arrangements,  all  fitted  to  be  the  abodes 
of  intelligent  beings,  and  to  contribute  to  their 
enjoyment.  Every  provision  has  been  made 
to  supply  them  with  that  Iv^ht  which  unfolds 
the  beauties  of  nature  and  the  glories  of  the 
firmament.  All  the  arrangements  for  its  equa- 
ble distribution  have  been  effected,  and  several 
wonderful  modes  unknown  in  our  world  have 
been  contrived  for  alleviating  their  darkness 
in  the  absence  of  the  sun,  all  which  contriv- 
ances are,  doubtless,  accompanied  with  many 
others  which  lie  beyond  the  range  of  our  con- 
ception, and  which  our  remote  distance  pre- 
vents us  from  contemplating.  In  proportion, 
then,  as  the  other  planets  exceed  the  earth  in 
size,  in  a  similar  proportion,  we  may  conceive, 
is  the  extent  of  that  theatre  on  which  the 
Divine  goodness  is  displayed.  If  this  "  earth 
is  full  of  the  goodness  of  the  Lord,"  if  the 
benevolence  of  the  Creator  has  distributed 
unnumbered  comforts  among  every  order  of 
creatures  here  below,  what  must  be  the  exu- 
berance of  his  bounty,  and  the  overflowing 
streams  of  felicity  enjoyed  in  worlds  which 
contain  thousands  of  times  the  population  of 
our  globe  !  If  a  world  which  has  been  partly 
deranged  by  the  sin  of  its  inhabitants  abounds 
with  so  many  pleasures,  what  numerous 
sources  of  happiness  must  aliound,  and  what 
ecstatic  joys  must  be  felt  in  those  worlds  where 
moral  evil  has  never  entered,  where  diseases 
and  death  are  unknown,  and  where  the  in- 
habitants bask  perpetually  in  the  regions  of 
immortality  !  Were  we  permitted  to  take  a 
nearer  view  of  the  enjoyments  of  some  of 
those  worlds,  were  we  to  behold  the  magnifi- 
cent scenery  with  which  they  are  encircled, 
the  riches  of  Divine  munificence  which  appear 
on  every  hand,  the  inhabitants  adorned  with 
the  beauties  of  moral  perfection,  and  every 
society  cemented  by  the  bond  of  universal 
love,  and  displaying  the  virtues  of  angelic 
natures,  it  is  highly  probable  that  all  the  en- 
joyments of  this  terrestrial  sphere  would 
appear  only  "  as  the  drop  of  a  bucket  and  the 
small  dust  of  the  balance,"  and  as  unworthy 
of  our  regard  in  comparison  of  the  overflow- 
ing fountains  of  bliss  which  enrich  the  regions 
and  gladden  the  society  of  the  celestial  worlds. 
In  this  point  of  view  what  a  glorious  and 
amiable  being  does  the  eternal  Jehovah  ap- 
pear !  "  God  is  love."  This  is  his  name  and 
his  memorial  in  all  generations  and  through" 
out  all  worlds.     Supremely  happj  in  himssif 
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MiJ  independent  of  all  his  creatures,  liis  grand 
des'gn  in  fonning  and  arranging  so  many 
worlds  eould  only  be  to  display  the  riches  of 
his  benelicence,  and  to  impart  felicity,  in  all 
its  diversified  forms,  to  countless  orders  of 
intelligent  beings  and  to  every  rank  of  per- 
ceptive existence.  And  hov/  exiensive  his 
goodness  is,  not  only  throughout  the  planetary 


system,  but  over  all  the  regions  of  universal 
nature,  it  is  impossible  for  the  tongues  of  men 
or  angels  to  declare,  or  the  highest  pov^ers  of 
intelligence  to  conceive.  But  of  this  w^e  are 
certain,  that  "  Jehovah  is  good  to  all;"  that 
"his  bounty  is  great  above  the  heavens;"  and 
that  "  his  tender  mercies  are  over  all  his 
works." 


CHAPTER  VI. 

Summary  Vieiv  of  the  Magnitude  of  the  Planetary  System, 


Hatik-g,  in  the  preceding  pages,  given  a 
brief  description  of  the  prhicipal  facts  and 
phenomena  connected  with  the  solar  system, 
and  olfered  a  few  refli'ctions  suggested  by  \im 
subject,  it  may  not  be  inexpedient  to  place 
before  the  reader  a  summary  view  of  the  mag- 
nitude of  the  bodies  belonging  to  this  system, 
as  compared  with  the  population  and  magni- 
tude of  the  globe  on  which  we  live.  In  this 
summary  statement  I  shall  chiefly  attend  to 
the  area  or  superficial  contents  of  the  different 


planets,  which  is  the  only  accurate  view  we 
can  take  of  their  magnitudes,  when  we  com- 
pare them  with  each  other  as  habitable 
worlds.  The  population  of  the  different 
globes  is  estimated,  as  in  the  preceding  de- 
scriptions, at  the  rate  of  280  hihabitants 
to  a  square  mile,  which  is  the  rate  of  popu- 
lation in  England,  and  yet  this  country  is 
by  no  means  overstocked  with  inhabitants, 
but  could  contain,  perhaps,  double  its  present 
population. 


Mercury     ,    , 
Verms     ,     .     . 
Mars       .     .     . 
Vesta     o     .     . 
Juno       .     .     . 
Ceres      .     .     . 
Pallas     .     ,     . 
Jupiter  .     .     . 
■iSalurn    .     .     , 
Saturn's  outer  ring 
Inner  rin^  .     .     . 
Edy:es  of  the  rings 
Uranus  .... 
TliH  Moon  .     .     . 
Jupiter's  satellites 
Saturn's  satellites 
Uraiius's  satellites 

Amount    .     . 


Square  Miles 


32. 
191. 
55 


14, 

21,884, 

iQ.fiOO. 

9,058, 

19,79), 

228, 

3,818, 

15, 

95, 

197, 

169, 


000  000 
13i,944 
,417,824 
229  000 
380  000 
,285,580 
.000.000 
,000,000 
,000,000 
,803.600 
,561.636 
,077.000 
,460,000 
000  000 
000,000 
920  800 
646,400 


Population 


8  960,000,000 

53.500  000,000 

15,500.000,000 

64  000.000 

1,786,0  0,0CO 

2,3I9.9r'2,400 

4.000,000.000 

6,967,520  000  000 

5,488,000,000,000 

^8,141,963,826,080 

1.077,.568,B00.000 

4,200,000.000 

26.673,000  000 

55,417.824.000 

47.500,992.000 


78,196,916,784    21,804,974,404,480  654,038,348,119,2461 


Solid  Contents. 


17,157.321,800 

248,475,427,200 

38,792  000.000 

10.035,000 

1.515  250.(100 

2,242.6.?0,320 

4  900,000,000 

368.283,200,000.000 

261,326,800,000,000 

1,442,518,261,800 

29,437,804.620,000 

5,455.000,<!00 

45.693,970.126 

98.960.400.000 

84.823,200.000 


From  the  above  statement,  the  real  magni- 
tude of  all  the  moving  bodies  connected  with 
the  solar  system  may  at  once  be  perceived. 
If  we  wish  to  ascertain  what  proportion  these 
magnitudes  bear  to  the  amplitude  of  our  own 
globe,  we  have  only  to  divide  the  different 
amounts  stated  at  the  bottom  of  the  table  by 
the  area,  solidity,  or  population  of  the  earth. 
The  amount  of  area,  or  the  superficial  con- 
tents of  all  the  planets,  primary  and  secondary, 
is  78,195,916,784;  or  above  seventy-eight 
thousand  millions  of  square  miles.  If  this 
sum  be  divided  by  197,000,000,  the  number 
of  square  miles  on  the  surface  of  our  globe, 
the  quotient  wiSl  be  397;  showing  that  the 
surfaces  of  these  globes  are  397  times  more 
expansive  than  the  whole  surface  of  the  ter- 
raqcous  globe ;  or,  in  other  words,  that  they 
contain  an  amplitude  of  space  for  animated 


heings  equal  to  nearly  four  hundred  worlds 
such  as  ours.  If  we  divide  the  same  amount 
by  49,000,000,  the  number  of  square  miles  in 
the  habitable  parts  of  the  earth,  the  quotient 
will  be  1595;  showing  that  the  surface  of  all 
the  planets  contains  a  space  equal  to  one 
thousand  live  hundred  and  ninQty-five  times 
the  area  of  all  the  continents  and  islands  of 
our  globe.  If  the  amount  of  population  which 
the  planets  might  contain,  namely,  21,894,' 
974,404,480,  or  nearly  twenty -two  billions  y 
he  divided  by  800,000,000,  the  population  of 
the  earth,  the  quotient  will  be  27,368  ;  which 
shows  that  the  planetary  globes  could  contain 
a  population  more  than  twenty-seven  thou- 
sand times  the  population  of  our  globe ;  in 
other  words,  if  peopled  in  the  proportion  of 
England,  they  are  equivalent  to  twenty-seven 
thousand  worlds  such  as  ours  in  its  present 
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«tate  of  population.  The  amount  of  the  third 
column  expresses  the  number  of  sohd  miles 
comprised  in  all  the  planets,  which  is  654,- 
038,348,119,246,  or  more  than  six  hundred 
and  fifty 'four  billions.  If  this  number  be 
divided  by  203,000,000,000,  the  number  of 
cubical  miles  iii  the  earth,  the  quotient  will  be 
2483  ;  which  shows  that  the  solid  bulk  of  the 
other  planets  is  two  thousand  four  hundred 
and  eighty-three  times  the  bulk  of  our  globe. 
Such  is  the  immense  magnitude  of  our  planet- 
ary system,  without  taking  into  account  either 
the  sun  or  the  hundreds  of  comets  which  have 
been  observed  to  traverse  the  planetary  re- 
gions. 

Great,  however,  as  these  magnitudes  are, 
they  are  far  surpassed  by  that  stupendous 
globe  which  occupies  the  centre  of  the  system. 
The  surface  of  the  sun  contains  2,432,800,» 


Fig.  92. 


-Satarn. 


-Jupiter. 


rPallas. 
"J  Cere  a. 
'"1  .Tnno. 
"  L  Vesta. 

—Mars. 

Earth. 
—Venus. 

Mercury. 
©  Sun. 
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000,000  square  miles  (nearly  two  and  a  hall 
biUions.)  If  this  sum  be  divided  by  197  mil 
lions,  the  number  of  square  miles  on  the 
earth's  surface,  the  quotient  will  be  12,350, 
which  shows  that  the  surface  ol  tiie  sun  con- 
tains twelve  thousand,  three  tiundred  and  fifty 
times  the  quantity  of  surface  on  our  globe. 
If  the  same  sum  be  divided  by  78,195,916,784, 
the  number  of  square  miles  in  all  the  planets, 
the  quotient  will  be  31,  showing  that  the  area 
of  the  surface  of  the  sun  is  thrrtyone  times 
greater  than  the  area  of  all  the  primary 
planets,  with  their  rings  and  satellites.  The 
solid  contents  of  the  sun  amount  to  356,818,- 
739,200,000,000,  or  nearly  three  hundred  and 
fifty-seven  thousand  billions  of  cubical  miles, 
which  number,  if  divided  by  654,038,348,1 1 9,- 
246,  the  number  of  solid  miles  in  all  the 
plaisets,  v/ill  produce  a  quotient  of  545,  which 
shows  that  the  sun  is  five  hun- 
dred and  forty -five  times  larger 
than  all  the  planetary  bodies 
taken  together.  Such  is  the  vast 
and  incomprehensible  magni- 
tude of  this  stupendous  luminary, 
whose  eflulgence  sheds  day  over 
a  retinue  of  revolving  worlds, 
and  whose  attractive  energy  con- 
trols their  motions  and  preserves 
them  all  in  one  harmonious 
system.  If  this  immense  globe 
be  fiying  through  the  region?^ 
of  space  at  the  rate  of  sixty 
thousand  miles  an  hour,  as  is 
supposed,  and  carrying  along 
with  it  all  the  planets  of  the 
system,  it  presents  to  the  mind 
one  of  the  most  sublime  and 
overwhelming  ideas  of  motion, 
magnitude,  and  grandeur  which 
the  scenes  of  the  universe  can 
convey. 

The  comparative  magnitudes 
of  the  different  bodies  in  the 
system  are  represented  to  the 
eye  in  Fig.  91,  where  the  circle 
at  the  top,  No.  1,  represents 
Jupiter  ;  No.  2,  Saturn ;  No.  3, 
Uranus  ;  No.  4,  the  Earth ;  ad- 
jacent to  which,  on  the  left,  is 
the  Moon ;  No.  5,  Mars ;  No.  6, 
Venus;  and  No.  7,  Mercury. 
The  four  small  circles  at  the 
bottom  are  the  planets  Vesta. 
Juno,  Ceres,  and  Pallas,  whose 
proportional  sizes  cannot  be  ac- 
curately represented.  The  otlier 
small  circles  connected  with  Ju- 
piter, Saturn,  and  Uranus,  are 
intended  to  represent  the  satel- 
lites of  these  planets,  which  in 
general   may  be   estimated   as 
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considerably  larger  than  our  moon.  These 
comparative  magnitudes  are  only  approxima- 
tions to  the  truth  ;  for  it  wonld  require  a  large 
sheet  were  v/e  to  attempt  delineating  them 
with  accuracy ,  but  the  figure  will  convey  to 
the  eye  a  general  idea  of  the  comparative 
bulks  of  these  bodies,  in  so  far  as  it  can  be 
conveyed  by  a  comparison  of  their  diameters  ;* 
but  no  representation  on  a  plane  surface  can 
canvey  an  idea  of  the  solid  contents  of  these 
globes  as  compared  with  eardi  other.  The 
reader  will  perceive  the  great  disparity  of 
globes,  whose  diameters  do  not  difier  very 
widely  from  each  other,  if  he  place  a  glob© 
of  twelve  inches  diameter  beside  one  of 
eighteen  inches  diameter.  Though  these 
globes  differ  only  six  inches  in  their  diame- 
ters, yet  he  will  at  once  perceive  that  the 
eiglUeen-inch  globe  contains  more  than  double 
the  surface  of  the  tv/elve-inch ;  and  this  solid 
ispace  which  it  occupies  contains  3|  times  the 
fejpace  occupied  by  the  smaller  globe.  Were 
the  sun  to  be  represented  in  its  proportional 
size  to  Jupiter  and  the  other  planets,  it  would 
fill  a  space  twenty  i7iches  in  diameter.  On 
the  same  scale  in  which  the  planets  are  de- 
lineated, Saturn's  ring  would  occupy  a  space 
four  and  a  half  inches  in  diameter.  From 
these  representations  we  may  see  how  small 
a  space  our  earth  occupies  in  the  planetary 
system,  and  what  an  inconsiderable  appear- 
ance it  presents  in  comparison  with  Jupiter, 
Sal'urn,  and  Uranus.  Fig.  92  represents  the 
proportional  distances  of  the  primary  planets 
from  the  sun,  from  which  it  will  be  seen  that 
Saturn,  which  was  formerly  considered  the 
most  distant  planet,  occupies  nearly  the  middle 
oi  the  system. 

In  Fig.  93  is  represented  a  comparative 
view  of  the  earth  and  the  rings  of  Saturn. 
The  small  circle  at  the  right  hand  side  repre- 
sents the  lineal  proportion  of  our  globe  to 
those  stupendous  arches,  so  that  the  eye  may 
easily  perceive  that  hundreds  of  worlds  such 


as  ours  cciild  be  inclosed  within  such  expan- 
sive rings.     Fig.  94  represents  the  propoitioa 

Fig.  93. 


which  the  sun  b^ars  to  the  planet  Jupiter,  the 
largest  planetary  orb  in  the  system.  The 
large  circle  represents  the  sun,  and  the  small 
circle  Jupiter.  If  the  earth  were  to  be  repre- 
sented  on  the  same  scale,  it  would  appear  like 
a  point  scarcely  perceptible.  It  is  chiefly  by 
the  aid  of  such  tangible  representations  that 
the  mind  can  form  any  idea  approximating  to 
the  reality  of  such  magnitudes  and  propor- 
tions ;  and,  after  all  its  efforts,  its  views  of  such 
stupendous  objects  are  exceedingly  imperfect 
and  obscure. 


CHAPTER  VIL 


On  the  Method  by  which  the  Distances  and  Magnitudes  of  the  Heavenly  Bodies  are 

Ascertained^ 


Thert!  is  a  degree  of  skepticism  among  a 
certain  class  of  readers  in  regard  to  the  con- 
clusions which  astronomers  have  deduced  re- 
specting the  distances  and  magnitudes  of  the 
celestial  bodies.    They  are  apt  to  suspect  that 


♦  Tlie  reader  will  find  a  compaiative  view  of  the 
distances  and  magnitudes  of  the  planets,  engraved 
on  a  very  large  sheet,  in  '*  Burriti's  Geography  of 
the  Heavens,^'  published  at  Hartford,  North  Ame- 
rica. 


the  results  they  have  deduced  are  merelij  con- 
jectural, and  that  it  is  impossible  for  human 
beings  to  arrive  at  any  thing  like  certainty,  or 
even  probability,  in  regard  to  distances  so  im- 
mensely great,  and  to  magnitudes  so  far  sur- 
passing every  thing  we  see  around  us  on  thig 
globe.  Hence  it  is  that  the  assertions  of 
astronomers  as  to  these  points  are  apt  to  be 
called  in  question,  or  to  be  received  with  a 
certain  degree  of  doubt  and  hesitation,  as  if 
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they  were  beyond  the  limits  of  truth  or  proba- 
bility. And  hence  such  persons  are  anxious 
to  inquire,  '"  How  can  astronomers  find  out 
such  tilings]"  '^  Tell  us  by  what  methods 
they  can  measure  the  distances  of  the  plunets 
and  determine  their  bulks']"  Such  questions, 
however,  are  more  easily  proposed  than  an- 
swered ;  not  from  any  difficulty  in  stating  the 
principles  on  which  astronomers  proceed  in 
their  investigations,  but  from  the  impossibility, 
in  many  instances,  of  conveying  an  idea  of 
these  princitjles  to  those  who  are  ignorant  of 
the  elements  of  geometry  and  trigonometry. 
A  very  sUght  acquaintance  with  these  branches 
of  the  mathematics,  however,  is  sufficient  to 
enable  a  person  to  understand  the  mode  by 
which  the  distances  of  the  heavenly  bodies 
are  determined;  but  a  certain  degree  of  in- 
formation on  such  subjects  is  indispensably 
requisite,  without  which  no  satisfactory  ex- 
planation can  be  communicated. 

In  offering  a  few  remarks  on  this  subject,  I 
shall,  in  the  first  place,  state  certain  considera- 
tions, level  to  the  comprehension  of  the  general 
reader,  which  prove  that  the  celestial  bodies 
are  much  more  distant  from  the  earth,  and, 
consequently,  much  larger  than  they  are 
generally  supposed  to  be  by  the  vulgar,  and 
those  who  are  ignorant  of  astronomical  science ; 
and,  in  the  next  place,  shall  give  a  brief  view 
of  the  mathematical  principles  on  which  astro- 
nomers proceed  in  their  calculations. 

When  a  common  observer  views  the  hea- 
vens for  the  first  time,  previous  to  having  re- 
ceived any  information  on  the  subject,  he  is 
apt  to  imagine  that  the  sun,  moon,  and  stars 
are  placed  in  the  canopy  of  the  sky  at  nearly 
the  same  distance  from  the  earth,  and  that 
this  distance  is  only  a  little  beyond  the  region 
of  the  clouds ;  for  it  is  impossible,  merely  by 
the  eye,  to  judge  of  the  relative  distances  of 
such  objects.  Previous  to  experience,  it  is 
probable  that  we  could  form  no  correct  idea 
of  the  relative  distances  of  any  objects  what- 
ever. The  young  man  who  was  born  blind, 
and  who  was  restored  to  sight  at  the  age  of 
thirteen,  by  an  operation  performed  by  Mr. 
Cheselden,  could  form  no  idea  of  the  distances 
cf  the  new  objects  presented  to  his  visual 
organs.  He  supposed  every  thing  he  saw 
touched  his  eyes,  in  the  same  manner  as 
every  thing  he  felt  touched  his  skin.  An 
object  of  an  inch  diameter  placed  before  his 
eyes,  which  concealed  a  house  from  his  sight, 
appeared  to  him  as  large  as  the  house.  What 
he  had  judged  to  be  round  by  the  help  of  his 
hands  he  could  not  distinguish  from  what  he 
had  judged  to  be  square  ;  nor  could  he  discern 
by  his  eyes  whether  what  his  hands  had  per- 
ceived to  be  above  or  below  was  really  above 
or  below ;  and  it  was  not  till  after  two  months 
that  he  could  distinguish  pictures  from  solid 
(480) 


bodies.  In  like  manner  we  are  apt  to  he 
deceived  in  our  estimate  of  the  distances  of 
objects  by  the  eye,  particularly  of  those  which 
appear  in  the  concave  of  the  heavens;  and 
reason  and  reflection  must  supply  the  de- 
ficiency of  our  visual  organs  before  we  can 
arrive  at  any  definite  conclusions  respecting 
objects  so  far  beyond  our  reach. 

That  the  heavenly  bodies,  particularly  tho 
sun,  are  much  greater  than  they  appear  to  the 
vulgar  eye,  may  be  proved  by  the  following 
consideration  :  When  the  sun  rises  due  east 
in  the  morning,  his  orb  appears  just  as  large 
as  it  does  when  he  comes  to  the  meridian  at 
midday.  Yet  it  can  be  shown  that  the  sun, 
when  he  is  on  our  moridian,  is  about  4000 
miles  nearer  us  than  when  he  rose  in  ths 
morning.  This  may  be  illustrated  by  th^ 
following  figure. 

Fig.  95. 


Let  A  B  C  D  represent  the  earth,  and  S 
the  sun  at  the  point  of  his  rising.  Suppose 
the  line  A  E  C  to  represent  the  meridian  of 
a  certain  place,  and  A  or  E  the  place  jf  s 
spectator.  When  the  sun,  in  his  apparent 
diurnal  motion,  comes  opposite  the  meridian 
A  C,  he  is  a  whole  semidiameter  of  the  earth 
nearer  the  spectator  at  E  than  when  he  ap- 
peared in  the  eastern  horizon.  This  semi- 
diameter  is  represented  by  the  lines  A  H,  S 
B,  C  G,  and  is  equal  to  3965  miles.  Now 
were  the  sun  only  four  thousand  miles  distant 
from  the  earth,  and,  consequently,  eight  thou- 
sand miles  from  us  at  his  rising,  he  would  be 
nearly  four  thousand  miles  nearer  us  when  or 
the  meridian  than  at  his  rising ;  and,  conse 
quently,  he  would  appear  twice  the  diameteij 
and  four  times  as  large  in  surface  as  he  doea 
at  the  time  of  his  rising.  But  observation 
proves  tliat  there  is  no  perceptible  difFerence 
in  his  apparent  magnitude  in  these  different 
positions;  therefore  the  sun  must  be  much 
more  distant  from  the  earth  than  four  thou=- 
sand  miles.  If  his  distance  were  only  120,000 
miles,  his  apparent  diameter  would  appear 
1-30  part  broader  when  on  the  meridian  than 
at  the  time  of  his  rising,  and  the  diflerence 
could  easily  be  determined  ;  but  no  such  dif« 
ference  is  perceptible ;  therefore  the  sun  is 
still  more  distant  than  one  hundred  and  twenty 
thousand  miles.     And,  as  the  real  size  of  an? 
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body  is  in  proportion  to  its  distance,  compared  length  it  appears  as  a  scarcely  di  tinguishable 
with  lis  apparent  size,  the  sun  must,  from  this  speck  on  the  verge  oi  the  horizon ;  and  the 
consideration  alone,  be  /n(>re  than  1200  miles  aeronaut  with  his  balloon,  when  they  have 
in  diameter,  and  must  contain  more  than  nine  ascended  beyond  the  region  of  the  clouds,  ap- 
hundred  millions  of  cubical  miles.  But  how  pear  only  as  a  small  dusky  spot  on  the  canopy 
much  greater  his  distance  and  magnitude  are  of  the  sky,  and  sometimes  entirely  disappear, 
than  what  is  now  stated  cannot  be  determined  The  following  argument,  which  is  level  to 
from  such  observations.  the  comprehension  of  every  reflecting  mind, 

The  same  idea  may  be  illustrated  as  follows :  proves  that  the  sun  is  larger  than  the  whole 
Suppose  a  spectator  at  Edinburgh,  which  may  globe  of  the  earth,  and  that  the  moon  is  con- 
be  represented  by  the  point  A  (,Fig.  95,)  and  siderably  less.  Previous  to  the  application  of 
another  at  Capetown,  in  the  southern  extre-  the  argument  to  which  I  allude,  it  may  be 
mity  of  Africa,  about  the  time  of  our  winter  proper  to  illustrate  the  law  oi  shadows.  The 
solstice,  which  position  may  be  represented  by  law  by  which  the  shadows  of  globes  are  prrt- 
th-e  point  i?  /  both  spectators  might  see  the  jected  is  as  follows;  When  the  luminous  body 
sun  at  the  same  moment,  and  he  would  appear  is  larger  in  diameter  than  the  opaque  body, 
exactly  of  the  same  size  from  both  positions,  the  shadow  which  it  projects  converges  to  a 
Yet  such  spectators  would  be  more  than  4000  point  which  is  the  vertex  of  a  cone,  as  in  Fig, 
miles  distant  from  each  other  in  a  straight  96.  When  the  luminous  and  the  opaque  body 
line,  and  the  observer  at  Capetown  would  be  are  of  an  equal  size,  the  shadow  is  cylindrical, 
several  thousands  of  miles  nearer  the  sun  than  and -passes  on  from  the  opaque  body  to  an 
the  one  at  Edinburgh.  Now  if  the  sun  were  indefinite  extent,  as  represented  in  Fig.  97. 
only  a  few  thousands  of  miles  from  the  earth,  When  the  luminous  body  is  less  than  the 
he  would  appear  of  a  very  different  magnitude  opaque,  the  shadow  extends  in  breadth  beyond 
to  observers  removed  so  fur  from  each  other,  the  opaque  body,  and  grows  broader  and 
which  is  contrary  to  fact.  Consequently,  the  broader  in  proportion  to  its  distance  from  the 
sun  must  be  at  a  very  great  distance  from  the  opaque  globe,  as  in  Fig.  98.  This  may  be 
eaith,  and  his  real  size  proportionable  to  that  illustrated  by  holding  a  ball  three  or  four 
distance.  For  experience  proves  that  objects  inches  in  diameter  opposite  to  a  candle,  when 
which  are  of  great  magnitude  may  appear  the  shadow  of  the  ball  will  be  seen  to  be 
comparatively  small  when  removed  from  us  to  larger  in  diameter  in  proportion  to  the  distance 
a  great  distance.  The  lofty  vessel,  as  it  re-  of  the  wall  or  screen  on  which  the  shadow  is 
cedes  from  the  coast  towards  the  ocean,  gradu-  projected.  Now  it  is  well  known,  and  will 
ally  diminishes  in  its  apparent   size,  till  at   readily  be  admitted,  that  an  eclipse  of  the 

moon  is  caused  by  the  shadow  of 
the  earth  falling  upon  the  moon, 
when  the  sun,  earth,  and  moon 
are  nearly  in  a  straight  line  with 
respect  to  each  other ;  and  that  an 
eclipse  of  the  sun  is  caused  by 
the  shadow  of  the  moon  falling 
upon  a  certain  portion  of  the 
earth.  Let  ^  (Fig.  99)  represent 
the  sun  ;  £  the  earth ;  and  il/the 
moon,  nearly  in  a  straight  line, 
which  is  the  position  of  these 
three  bodies  in  an  eclipse  of  the 
moon.  The  shadow  of  the  earth, 
at  the  distance  of  the  moon,  is 
found  to  be  of  a  less  diameter  than 
the  diameter  of  the  earth.  This 
is  ascertained  by  the  time  which 
the  moon  takes  in  passing  through 
the  shadow.  The  real  breadth  of 
that  shadow,  at  the  moonV  dis- 
tance from  the  earth,  is  about 
5900  miles,  sometimes  more  and 
sometimes  less,  according  as  the 
moon  is  nearer  to  or  furthet 
from  the  earth ;  but  the  diameter  of  the  earth  in  its  progress  through  space,  and,  by  calcula- 
is  nearly  8000  miles ;  therefore  the  shadow  tion,  it  is  found  that  it  terminates  in  a  point, 
of  the  earth  gradually  decreases  in  breadth  as  in  Fig.  96,  at  the  distance  of  about  SSOjCfOO 
61  2S  (4SI> 
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miles.  But  when  a  luminous  globe  causes  the 
shadow  of  an  opaque  globe  to  converge  to- 
wards a  point,  as  in  Fig.  96,  the  luminous 
body  must  be  larger  in  diameter  than  the 
opaque  one.  The  sun  is  the  luminous  body 
which  causes  the  earth  to  project  a  shadow 
on  the  moon ;  this  shadow,  at  the  moon,  is 
less  in  breadth  than  the  diameter  of  the  earth ; 
therefore  it  inevitably  follows  that  the  sun  is 
larger  than  the  earth;  but  how  much  larger 
cannot  be  determined  from  such  considera- 
tions. 

From  the  same  premises  it  necessarily  fol- 
lows that  the  moon  is  less  than  the  earth. 
For  the  moon  is  sometimes  completely  covered 
by  the  shadow  of  the  earth,  although  this 
shadow  is  less  than  the  earth^s  diameter,  and 
not  only  so,  but  sometimes  takes  an  hour  or 
two  in  passing  through  the  shadow.  If  the 
sun  were  only  equal  to  the  earth  in  size,  the 
earth's  shadow  would  be  projected  to  an  in- 
definite extent,  and  be  always  of  the  same 
breadth,  and  might  sometimes  eclipse  the 
planet  Mars  when  in  opposition  to  the  sun. 
If  the  sun  were  less  than  the  earth,  the  sha- 
dow of  the  earth  would  increase  in  bulk  the 
further  it  extended  through  space  (as  repre- 
sented in  Fig.  98,)  and  would  eclipse  the 
great  planets  Jupiter,  Saturn,  and  tJranus, 
with  all  their  moons,  when  they  happened  to 
be  near  their  opposition  to  the  sun ;  and  in 
this  case  they  would  be  deprived  of  the  light 
of  the  sun  for  many  days  together.  In  such  a 
case,  too,  the  sun  would  sometimes  be  eclipsed, 
to  the  earth  by  the  planet  Venus,  when  in  its 
inferior  conjunction  with  that  luminary;  an 
eclipse  which  might  cause  a  total  darkness  of 
several  hours  continuance.  In  short,  if  the 
sun  were  less  than  any  one  of  the  planets,  the 
system  would  be  thrown  into  confusion  by  the 
shadows  of  all  these  bodies  increasing  in  pro- 
portion to  their  distance,  and  interrupting, 
periodically,  for  a  length  of  time,  the  commu- 
nications of  light  and  heat.  But  as  none  of 
these  things  ever  happen,  it  is  evident  that 
the  sun  is  much  larger  than  the  whole  terra- 
queous globe. 

All  that  requires  io  be  taken  for  granted  by 
the  unlearned  reader  in  this  argument  is,  that 
the  earth  is  a  globular  body ;  that  an  eclipse 
of  the  moon  is  caused  by  the  shadow  of  the 
earth  falling  upon  that  orb  ;  and  that  the  sha- 
dow of  the  earth,  at  the  distance  of  the  moon, 
is  of  less  breadth  than  the  earth's  diameter. 
The  first  two  positions  will  readily  be  admit- 
ted ;  and  the  third  position,  respecting  the 
breadth  of  the  earth's  shadow,  may  be  received 
on  the  ground  of  what  has  been  above  stated, 
and  on  the  authority  of  astronomers.  For,  if 
they  were  ignorant  of  this  circumstance,  they 
could  not  calculate  eclipses  with  so  much  ac- 
€81  racy  as  they  do,  and  predict  the  precise 
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moment  of  the  beginning  and  end  of  a  lunaf 
eclipse.  If,  then,  any  individual  is  convinced, 
from  the  consideration  above  stated,  that  the 
sun  must  be  much  larger  than  the  earth,  he 
has  advanced  one  step  in  his  conceptions  of 
the  magnificence  of  the  heavenly  bodies,  and 
may  rest  with  confidence  on  the  assertions  of 
astronomers  in  reference  to  the  real  distances 
and  magnitudes  of  these  orbs,  although  he 
may  not  be  acquainted  with  the  mathematical 
principles  and  investigations  on  which  their 
calculations  proceed. 

Before  proceeding  to  the  illustration  of  the 
trigonometrical  principles  on  which  astrono- 
mers proceed  in  determining  the  true  distances 
of  the  heavenly  bodies,  it  may  be  requisite,  for 
the  unlearned  reader,  to  give  a  description  of 
the  nature  of  angles  and  the  mode  by  which 
they  are  measured.  An  angle  is  the  opening 
between  any  two  lines  which  touch  each  other 
in  a  point ;  and  the  width  of  the  opening  de- 
termines the  extent  of  the  angle,  or  the  num- 
ber of  degrees  or  minutes  it  contains.  Thus  if 
we  open  a  pair  of  compasses,  the  legs  of  which 
may  be  represented  hj  A  B,  B  C,  Fig.  100^ 
an  angle  is  formed  of  different  dimensions,  ac- 
cording as  the  extremities  of  the  legs  are  re- 
moved further  from  or  brought  nearer  to  each 
other.  If  the  legs  are  made  to  stand  perpen- 
dicular to  each  other,  as  in  Fig.  101,  the  angle 
is  said  to  be  a  right  angle^  and  contains  ninety 
degrees,  or  the  fourth  part  of  a  circle.  The 
walls  of  a  room  general^  stand  at  right 
angles  to  the  floor.  If  the  legs  be  separated 
more  than  a  right  angle,  they  form  what  is 
termed  an  obtuse  angle,  as  in  Fig.  102.  When 
the  angle  is  less  than  a  right  angle,  it  is  called  an 
acute  angle,  as  in  Fig.  100,  and,  consequently, 
contains  a  less  number  of  degrees  than  ninety. 
All  angles  are  measured  by  the  arc  of  a  circle 
described  on  the  angular  point;  and  every 
circle,  whether  great  or  small,  is  divided  into 
360  equal  parts,  called  degi-ees.  Thus,  if  I 
want  to  know  the  quantity  of  an  angle  at  K^ 
(Fig.  103)  I  place  one  point  of  the  compasses 
at  the  angular  point  K,  and  describe  the  arc 
of  a  circle  between  the  two  sides  L  K,  KM,  and 
whatever  number  of  degrees  of  a  circle  is  con- 
tained between  them  is  the  quantity  or  mea- 
sure of  the  angle.  If,  as  in  the  present  case, 
the  angle  contains  the  eighth  part  of  a  circle 
or  half  a  right  angle,  it  is  said  to  be  an  angle 
of  forty-five  degrees.  A  triangle  is  a  figure 
which  contains  three  angles  and  three  sides,  ag 
O  P  Q,  Fig.  104.  It  is  demonstrated  by  ma- 
thematicians, that  the  three  angles  of  every 
triangle,  whatever  proportion  these  angles  may 
bear  to  each  other,  are  exactly  equal  to  two 
nght  angles,  or  ISO  degrees.  Thus,  in  the 
triangle  O  P  Q,  the  angle  at  Q  is  aright  angle, 
or  ninety  degrees,  and  the  other  two  angles, 
O  and  P,  are   together  equal   to  ninety  de- 
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grees ;  so  that,  if  one  of  these  angles  be  known, 

the  other  is  found  by  subtracting  the  number 

of  degrees  in  the  knowu  angle  from  ninety. 

100  101 


Thus,  if  the  angle  at  P  be  equal  to  thirty  de- 
grees, the  angle  at  0  will  be  equal  to  sixty 
degrees.  Hence,  if  any  two  angles  of  a  triangle 
be  known,  the  third  may  be  found  by  substract- 
ing  the  sum  of  the  two  known  angles  from  180 
degrees,  the  remainder  will  be  the  number  of 
degrees  in  the  third  angle.  All  the  triangles 
have  their  greatest  sides  opposite  to  their 
greatest  angles ;  and  if  all  the  angles  of  the 
triangle  be  equal,  the  sides  will  also  be  equal 
to  each  other. 

If  any  three  of  the  six  parts  of  a  triangle 
be  known  (excepting  the  three  angles,)  all  the 


other  parts  may  he  known  from  them.  Thus, 
if  the  side  P  Q,  and  the  angles  at  P  and  Q 
he  known,  we  can  find  the  length  of  the  sides 
P  0  and  O  Q.  It  is  on  this  general  principle 
that  the  distances  and  magnitudes  of  the  hea- 
venly bodies  are  determined- 

In  order  to  understand  and  apply  this  prin- 
ciple, it  is  necessary  that  we  explain  the  nature 
of  a  parallax.  A  parallax  denotes  the  change 
of  the  apparent  place  of  any  heavenly  body, 
caused  by  being  seen  from  different  points  of 
view.  This  may  be  illustrated  by  terrestrial 
objects  as  follows:  Suppose  a  tree  40  or  50 
yards  distant  from  two  spectators,  who  are  15 
or  20  yards  distant  from  each  other ;  the  one 
will  perceive  the  tree  in  a  line  with  certain 
objects  near  the  horizon,  which  are  consider- 
ably distant  from  those  which  appear  in  the 
direction  of  the  tree,  as  viewed  from  the  sta- 
tion occupied  by  the  other  spectator.  The 
difference  between  the  two  points  near  the 
horizon  where  the  tree  appears  to  coincide  to 
the  two  different  spectators  is  the  parallax  of 
the  object.  If  the  tree  were  only  20  or  25 
yards  distant,  the  parallax  would  be  twice  as 
large;  or,  in  other  words,  the  points  in  the 
horizon  where  it  was  seen  by  the  two  specta- 
tors would  be  double  the  distance,  as  in  the 
former  case ;  and  if  the  tree  were  two  or  three 
hundred  yards  distant,  the  parallax  would  be 
proportionally  small.  Or,  suppose  two  per- 
sons sitting  near  each  other  at  one  side  of  a 
room,  and  a  candle  placed  on  a  table  in  the 
middle  of  the  room,  the  points  on  the  opposite 
wall  where  the  candle  would  appear  to  each 
of  the  two  persons  would  be  considerably  dis- 
tant from  each  other ;  and  this  distance  may 
be  called  the  parallax  of  the  candle  as  viewed 
by  the  two  observers.  This  may  be  illustrated 
by  Fig.  105,  where  i?  and  jS  may  represent 
the  positions  of  the  observers ;  a  the  candle  or 
tree  ;  and  T  and  U  the  points  on  the  opposite 
wall  or  in  the  horizon  where  the  candle  or  the 
tree  appears  to  the  respective  observers.  The 
observer  at  R  sees  the  intermediate  object  at 
U;  and  the  one  at  S  sees  it  in  the  direction  S 
T.  The  angle  R  a  S,  which  is  equal  to  the 
angle  T  a  U,  is  called  the  angle  of  parallax, 
which  is  the  difference  of  position  in  which 
the  object  is  seen  by  the  two  observers.  If, 
then,  the  distance  between  the  observers  R  S 
be  known,  and  the  quantity  of  the  angle  R  a 
S,  the  distance  between  the  observers  and  th« 
object  can  also  be  known  by  calculation. 

Let  us  now  apply  this  principle  to  the 
heavenly  bodies.  In  Fig.  106  let  the  semi- 
circle S,  Ty  A,  i2,  ^,  represent  a  section  of  the 
concave  of  the  heavens ;  the  middle  circle,  E 
C,  the  earth  ;  M  the  moon ;  C  the  centre  of 
the  earth  ;  and  ^  H  the  sensible  horizon  of  a 
spectator  at  E,  It  is  evident  that  if  the  moon 
be  viewed  from  the  earth  at  the  point  E,  she 
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will  be  seen  in  the  horizon  at  the  point  H; 
but  were  she  viewed  at  the  same  time  from  C, 
the  centre  of  the  earth,  she  would  appear 
among  the  stars  at  the  point  K,  in  a  more  ele- 
vated position  than  when  seen  from  the  sur- 
face of  the  earth  at  £.  The  difference  between 
those  two  apparent  positions  of  the  moon,  or 
the  angle  K  M  H,  is  called  the  moon's  hori- 
zontal parallax.  Astronomers  know  from 
calculation  in  what  point  of  the  heavens  the 
moon  would  appear  as  viewed  from  the  earth's 
centre ;  and  they  know  from  actual  observation 
where  she  appears  as  viewed  from  the  surface  ; 
and,  therefore,  can  find  the  difference  of  the 
two  positions,  or  the  angle  of  parallax.  This 
angle  might  likewise  be  found  by  supposing 
two  spectators  on  different  parts  of  the  earth's 
surface  viewing  the  moon  at  the  same  time. 
Suppose  a  spectator  at  E,  who  sees  the  moon  in 
the  horizon  at  i/;  and  another  observer,  on  the 
same  meridian,  at  B,  who  sees  her  in  his  zenith 
at  K\  the  parallax,  as  formerly,  will  be  K  H, 

The  parallax  of  a  heavenly  body  decreases 
in  proportion  to  its  altitude  above  the  horizon, 
and  at  the  zenith  {A)  it  is  nothing,  for  the 
line  from  the  centre  of  the  earth  coincides 
with  that  from  the  surface,  as  C  E  A.  Thus, 
the  parallax  of  the  moon  at  N  (a  b)  is  less 
than  the  horizontal  parallax,  K  H ;  but  from 
the  parallax  observed  at  any  altitude,  the  hori- 
zontal parallax  can  be  deduced ;  and  it  is  from 
this  parallax  that  the  distance  of  the  moon  or 
any  other  heavenly  body  is  determined.  The 
greater  the  distance  of  any  body  from  the 
earthy  the  less  is  its  parallax.  Thus  the 
heavenly  body  G^  which  is  further  from  the 
earth  than  the  moon,  has  a  less  parallax  (c  d) 
than  that  of  the  moon,  K  H. 

Now  the  parallax  of  the  moon  being  known, 
it  is  easy  to  find  the  distance  of  that  orb  from 
the  earth ;  for  in  every  triangle,  if  one  side 
and  two  angles  be  known,  the  other  angle 
and  the  other  two  sides  can  also  be  found. 
In  the  present  case,  we  have  a  triangle  E  M 
C,  in  which  the  side  E  C,  or  the  semidiameter 
of  the  earth,  is  known.  The  angle  M  E  C 
is  a  right  angle,  or  ninety  degrees ;  and  the 
parallactic  angle  E  31  C  is  supposed  to  be 
found  by  observation.  From  these  data,  by 
an  easy  trigonometrical  calculation,  the  length 
of  the  side  C  M,  or  the  distance  of  the  moon 
from  the  centre  of  the  earth,  can  be  determined 
with  the  utmost  precision,  provided  the  angle 
of  parallax  has  been  accurately  .^scertauieu. 

Before  proceeding  to  illustrate  by  examples 
the  method  of  calculating  the  distances  of  the 
heavenly  bodies  when  the  parallax  is  found,  I 
shall  present  an  example  or  two  of  the  mode 
of  computing  the  heights  and  distances  of 
terrestrial  objects,  the  principle  on  which  we 
proceed  being  the  same  in  both  cases.  Sup- 
pose it  were  required  to  find  the  height  of  the 
(484) 
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tower  C  B  (Fig.  107,)  we  first  measure  ths 
distance  from  the  bottom  of  the  tower,  Bf 
to  a  station  at  the 
point  A,  which  sup- 
"« pose  to  be  one  hun- 
dred feet.  From 
this  station,  by  a 
quadrant  or  other 
j  angular  instrument, 
we  take  the  angle  of 
elevation  of  the  top 
of  the  tower,  or  the 
angle  CAB, which 
suppose  to  be  forty- 
^  /I  B  seven    and    a   half 

degrees.  Here  we  have  a  triangle  in  which 
we  have  one  side,  A  B,  and  two  angles; 
namely,  the  angle  at  A =472°,  ^"^  the  angle 
at  Bj  which  is  a  right  angle,  or  90°,  as  the 
tower  is  supposed  to  stand  perpendicular  to 
the  ground  ;  therefore  the  side  C  B,  which  is 
the  height  of  the  tower,  can  be  found,  and 
likewise  the  other  side,  A  C,  if  required.  To 
find  C  B,  the  height  of  the  tower,  we  make  A 
B  the  radius  of  the  circle,  a  portion  of  which 
measures  the  angle  A  ;  and  the  side  B  C,  or 
the  height  of  the  tower,  becomes  the  tangent 
of  that  angle.  And  as  there  is  a  certain  known 
proportion  between  the  radius  z7  every  circle 
and  the  tangent,  the  height  of  the  tower  will 
be  found  by  the  following  proportion:  As  the 
radius:  is  to  the  tangent  of  the  angle  Af 
47^°  : :  so  is  the  side  A  B,  100  feet :  to  C  B 
the  height  of  the  tower=109g-  feet  The 
following  is  the  calculation  by  logarithms : 

Logarithm  of  the  3d  term- 
Tangent  of  47^°     .     .     .     .     10.0379475 

Logarithm  of  J.  5=100  feet-— 

3d  term     .......      2.0000000 


Logarithm  of  radius — 1st  term 
Logarithm  of  C  B,  4th  term= 


12.0379476 
10.0000000 


1091  feet- 


2.0379475 


By  this  calculation  the  height  of  the  tower 
is  found  with  the  greatest  nicety,  provided  the 
measurement  of  the  side  A  B,  and  the  angle 
A,  have  been  taken  wdth  accuracy. 

108  Again:  Suppose  it 

were  required  to  mea- 
sure the  distance  be- 
tween a  tree  Ey  and  a 
house  D,  on  the  oppo- 
site side  of  a  river. 
We  first  measure  a 
s  space   from  E  to  F 

(Fig.   108,)    suppose 

^^^^  200  yardSj  in  a  right 

M^^-^^^^^^^^  line,   and    then   find 

the  angles  E  and  F 

each  end  of  this  line. 
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Suppose  the  angle  at  £"  to  be  seventy  three 
degrees  and  the  angle  at  F  sixty-eight  de- 
grees. As  all  the  angles  of  a  triangle  are 
equal  to  two  right  anges,  or  180°,  if  we  add 
these  two  angles  and  subtract  their  sum  from 
180°,  the  remainder,  39°,  will  be  the  measure 
of  the  angle  at  D.  It  is  a  demonstrated  pro- 
position in  trigonometry,  that  in  any  plane 
iriangie,  the  sides  are  in  the  same  proportion 
as  the  sines  of  the  opposite  angles,  A  sine  is 
a  line  drawn  through  one  extremity  of  an  arc 
perpendicular  upon  the  diameter  or  radius 
passing  through  the  other  extremity,  as  a  d 
(Fig.  107.)  In  order,  then,  to  find  the  dis- 
tance (ED)  between  the  tree  and  the  house 
on  the  other  side  of  the  river,  we  state  the 
following  proportion  :  As  the  sine  of  D,  38°, 
the  angle  opposite  to  E  i*',  the  known  side : 
is  to  the  sine  of  the  angle  /'',  68°,  opposite 
the  side  sought,  E  Di:  so  is  the  length  of  the 
line  E  i''=200  yards:  to  the  distance,  E 
D,  between  the  tree  and  the  house=294-f 
yards.  The  following  is  the  operation  by 
logarithms : 

2d  term— Sine  of  angle,  F=  68°  9,9671659 
3d  term—jSF=  200  yards.  Log.   2.3010300 

12.2081959 
1st  term— Sine  of  angle,  i)=39°  9.7988718 
4th  term— i) «£==294f  yards==      2.4693241 

In  these  examples  the  logarithms  of  the 
second  and  third  terms  of  the  proportion  are 
added,  and  from  their  sum  the  logarithm  of 
the  first  term  is  subtracted,  which  leaves  the 
logarithm  of  the  fourth  term ;  as  in  common 
numbers,  the  second  and  third  terms  are  mul- 
tiplied together,  and  their  product  divided  by 
the  first  term;  addition  of  logarithms  corre- 
sponding to  multiplication  of  whole  numbers, 
and  subtraction  to  division.  The  logarithms 
of  common  numbers,  and  of  sines  and  tan- 
gents, are  found  in  tables  prepared  for  the 
purposes  of  calculation. 

I  shall  now  state  an  example  or  two  in 
reference  to  the  celestial  bodies.  Suppose  it 
is  required  to  find  the  distance  of  the  moon 
from  the  earth.  In  Fig,  109,  let  E  C  repre- 
sent the  earth ;  M  the  moon  ;  E  the  place  of 
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place  as  seen  from  the  snrface  at  E ;  or,  in 
other  words,  the  moon's  horizontal  parallax. 
This  parallax,  at  the  moon's  mean  distance 
from  the  earth,  is  found  to  be  57  minutes,  5 
seconds.  Here,  then  we  have  a  tiiangle,  C 
E  M,  of  which  we  have  one  side  and  two 
angles  given.  The  side  given  is  the  semi- 
diameter  of  the  earth,  E  C,  which  is  equal  to 
3965  miles ;  the  angle  at  E  is  a  right  angle, 
or  ninety  degrees,  for  it  forms  a  tangent  to  the 
circle  at  E ;  the  angle  at  M  is  the  horizontal 
parallax,  which  is  found  by  observation.  From 
these  data,  the  side  M  C,  or  the  distance  of 
the  moon  from  the  centre  of  the  earth,  may 
be  easily  found.  If  we  make  C  M  radius,  E 
C  will  be  the  sine  of  the  angle  M;  and  the 
distance  of  the  moon  is  found  from  the  follow- 
ing proportion :  As  E  C,  the  sine  of  fifty- 
seven  minutes,  five  seconds :  is  to  3905,  the 
number  of  miles  in  the  scmiuiameter  of  the 
earth: :  so  is  M  C,  the  radius:  to  a  fourth 
number,  238,800  =  j1/  C=the  distance  of  the 
moon  from  the  centre  of  the  earth. 

2d  term — 3965  =the  earth's  semi- 
diameter     .......       3.598243 

3d  term— Radius 10.000000 


13.598243 
1st  term— Sine  of  57  minutes,  5 

seconds 8.220215 

M  C,  distance  of  the  moon,  238,- 

800milcs= 5.378028 

According  to  this  calculation,  the  moon  is 
two  hundred  and  thirty  eight  thou.-^and,  eight 
hundred  miles  from  the  earth.  In  round  num- 
bers we  generally  say  that  the  moon  is  240,000 
miles  distant;  and,  in  point  of  fact,  she  is 
sometimes  considerably  more  than  240,000 
miles  distant,  and  sometimes  less  than  the 
number  above  stated,  as  she  moves  in  an 
elliptical  orbit,  her  horizontal  parallax  varying 
from  54  to  above  60  minutes. 

To  find  the  Diameter  of  the  Moon.~1n 
Fig.  110  let  AGE  represent  the  moon,  and 
C  an  observer  at  the  earth.  The  apparent 
diameter  of  the  moon  at  its  mean  distance,  as 
measured  by  a  micrometer,  is  31  minutes,  26 
seconds,  represented  by  the  angle  A  C  B\  the 
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a  spectator  observing  the  moon  in  his  sensible  half  of  Uis.;^.  or  the  angle  formed  by  the  semi- 
Horizon;  E  M  h  and  C  M  a  the  direction  of  dia.ur>Ci  of  the  moon,  A  C  G,\s  15  minutes, 
the  moon  as  seen  from  the  centre  of  the  ea'-t!^  cJ  seconds.  The  distance  of  the  moon,  G  C, 
at  C,  or  from  its  surface  at  B ;  a  the  place  oi  is  supposed  to  be  found  as  above  stated, 
•ihe  moon  as  seen  from  the  centre,  and  h  its    r-amely,  238,800  miles.     Hei  is,  then,  we  have 

2  s  2  (485^ 
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the  angle  C  A  G,  which  is  a  right  angle,  and 
the  angle  A.  C  (?=15^  43'',  which  is  found 
by  observation ;  and  the  side  C  G,  or  the  dis- 
tance of  the  moon  from  the  earth.  We  can 
therefore  find  the  side  A  G,  or  the  semidia- 
meter  of  the  moon,  by  the  following  propor- 
tion:  As  radius:  is  to  C  G,  the  distance  of 
the  moon,  238,800  miles  : :  so  is  the  sine  of 
AC  G,W  43'^ :  to  the  number  of  miles  con- 
tained in  the  moon's  semidiameter,  A.  G= 
1091^,  which,  being  doubled,  gives  2183 
miles  as  the  diameter  of  the  moon. 

2d  term— C  (?=  238,800— Log  5.378028 
3d  term— Sine  of  ^  C  G,  15'  43''       7.660059 

13.038087 
1st  term— Radius  ....  10.000000 
Sfemidiameterofthemoon,l,091^==   3.038087 

2 
Diameter  of  the  moon=  2,183 

Such  is  the  general  mode  by  which  the  dis- 
tances and  magnitudes  of  the  heavenly  bodies 
are  calculated.  I  am  aware  that  the  general 
reader,  who  is  unacquainted  with  the  princi- 
ples of  trigonometry,  may  find  a  little  difficulty 
in  comprehending  the  statements  and  calcula- 
tions given  above ;  but  my  design  simply  was 
to  convey  an  idea  of  the  principle  on  which 
astronomers  proceed  in  their  computations  of 
the  distances  and  bulks  of  the  celestial  orbs, 
and  to  excite  those  who  are  anxious  to  under- 
stand the  subject,  to  engage  in  the  study  of 
plane  trigonometry,  a  study  which  presents  no 
great  difficulty  to  any  one  who  is  already  a 
proficient  in  f!ommon  arithmetic.  I  conclude 
the  subject  with  the  following 

General  Remarks. — 1.  Before  the  bulks  of 
the  heavenly  bodies  can  be  determined,  their 
distances  from  the  earth  must  first  be  ascer- 
tained. When  their  distances  are  found,  it  is 
quite  an  easy  matter  to  determine  their  real 
bulks  from  xh^u  apparent  magnitudes.  2. 
The  semidiameter  of  the  earth  forms  the 
groundwork  of  all  our  calculations  respect- 
ing the  distances  of  the  celestial  orbs.  Were 
we  ignorant  of  the  dimensions  of  the  earth, 
we  could  not  find  the  real  distance  and  magni- 
tude of  any  heavenly  body  ;  and  it  is  owing  to 
the  comparatively  small  diameter  of  the  earth 
that  it  becomes  difficult  in  some  cases  to  de- 
termine with  accuracy  the  parallaxes  of  certain 
heavenly  bodies.  Were  we  placed  on  a  planet 
such  as  Jupiter,  whose  diameter  is  more  than 
eleven  times  that  of  our  globe,  it  would  be 
much  more  easy  to  find  the  parallaxes  of 
the  sun  and  planets.  The  parallaxes  of  Jupi- 
ter's moons,  as  observed  from  that  planet,  will 
form  pretty  large  angles  and  be  easily  percep- 
tible ;  and  so  likewise  will  be  the  parallaxes 
of  thp  sun  and  the  ,other  planets  which  are 
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visible  from  that  globe.  3.  The  chief  difficiiUy 
in  finding  the  distances  of  the  heavenly  bodies 
is  to  determine  accurately  the  precise  quan- 
tity of  their  parallaxes.  In  the  case  of  the 
moon  there  is  no  difficulty,  as  her  horizontal 
parallax  amounts  to  nearly  one  degree,  and 
can  be  taken  with  the  greatest  nicety  ;  but  the 
sun's  parallax  is  so  small  that  it  was  some 
time  before  it  was  accurately  determined.  It 
was  for  this  purpose,  among  otheis,  that  Cap- 
tain Cook's  first  expedition  to  the  Pacific 
Ocean  was  undertaken,  in  order  that  the  as- 
tronomers connected  with  it  might  observe  the 
transit  of  Venus  at  the  island  of  Tahiti ;  since 
which  time  the  sun's  distance  has  been  ascer- 
tained within  the  one  eighty-seventh  part  of 
his  true  distance,  which  hkewise  determines 
very  nearly  the  true  proportional  distance  and 
magnitudes  of  all  the  planets.  This  circum- 
stance accounts  for  the  fact,  that  in  books  of 
astronomy  published  about  a  century  ago,  the 
distances  and  magnitudes  of  the  sun  and 
planets  are  estimated  somewhat  lower  than 
they  are  now  found  to  be,  the  improvements 
which  have  been  made  in  the  construction 
of  astronomical  instruments  having  enabled 
modern  observers  to  measure  parallactic  angles 
with  greater  niceness  and  accuracy.  4.  When 
the  parallax  of  any  heavenly  body  is  once  ac- 
curately found,  and  its  apparent  diameter 
measured,  its  real  distance  and  bulk  can  be  as 
certainly  known  as  the  price  of  any  quantity 
of  merchandise  which  is  calculated  by  the  rule 
of  proportion.  5.  From  what  has  been  stated 
above,  we  may  learn  the  importance  of  know- 
ing all  the  properties  of  a  triangle,  and  the 
art  of  measuring  angles.  At  first  sight  it  may 
appear  to  be  a  matter  of  trivial  importance  tQ 
know  that  the  radius  of  a  circle  bears  a  certain 
known  proportion  to  the  sine  or  tangent  of  a 
certain  angle ;  that  the  sides  of  any  triangle 
are  in  the  same  proportion  as  the  sines  of  the 
opposite  angles  ;  and  that  the  three  angles  of 
every  plane  triangle  are  exactly  equal  to  two 
right  angles.  Yet  such  truths  form  the 
foundation  of  all  the  discoveries  which  have 
been  made  respecting  the  magnitudes  and 
distances  of  the  great  bodies  of  the  universe, 
and  of  the  ample  conceptions  we  are  now 
enabled  to  form  of  the  vast  extent  of  crea- 
tion, and  of  the  attributes  of  its  adorable 
Creator. 

Those  persons  who  feel  themselves  unable 
to  comprehend  clearly  the  principles  and  cal- 
culations above  stated,  may  rest  satisfied  with 
the  general  deductions  of  astronomers  respect- 
ing the  distances  and  magnitudes  of  the  sun 
and  planets,  from  the  following  considerations  i 
1.  The  general  agreement  of  all  modern  as-' 
tronomers  as  to  these  deductions.  Howevel 
much  astronomers  may  differ  in  regard  to  cer^ 
tain  subordinate  opinions  or  conjectures  t^ 
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specting  certain  phenomena,  they  all  agree 
with  respect  to  the  bulks  and  distances  of  the 
planetary  orbs,  and  the  mode  by  which  they 
are  ascertained.  If  there  were  any  fallacy  in 
their  calculations,  such  is  the  tendency  of 
human  nature  to  find  fault,  it  would  soon  be 
pointed  out.  2.  The  consideration  of  the  ac- 
curacy with  which  astronomers  predict  certain 
celestial  phenomena  should  induce  persons 
unskilled  in  this  science  to  rely  on  the  con- 
clusions deduced  by  astronomers.  They  are 
fully  aware  that  the  eclipses  of  the  sun  and 
moon  are  calculated  and  predicted  with  the 
utmost  accuracy.  The  very  moment  of  their 
beginning,  middle,  and  end,  and  the  places 
where  they  will  be  visible,  are  foretold  to  a 
nicety  ;  the  nature  and  magnitude  of  the  eclipse, 
and  all  the  circumstances  connected  with  it, 
determined  ;  and  that,  too,  for  more  than  a 
century  to  come.  All  the  eclipses  which  have 
happened  of  late  years  were  calculated  more 
than  half  a  century  ago,  and  are  to  be  found 
recorded  in  the  writings  of  astronomers.  They 
can  likewise  tell  when  Mars,  Jupiter,  or  Saturn 
is  to  suffer  an  occultation  by  the  moon,  the 
time  when  it  will  begin  dnd  end,  the  particular 
part  of  the  moon's  limb  behind  which  the . 
planet  will  disappear,  the  point  on  the  opposite 
limb  where  it  will  again  emerge,  and  the  places 
of  the  earth  where  the  occultation  will  be 
visible.  They  can  likewise  predict  the  precise 
moment  when  any  of  the  fixed  stars— even 
those  invisible  to  the  naked  eye — shall  suffer 
an  occultation  by  the  moon  or  by  any  of  the 
planets ;  and  such  occultations  of  the  stars 
and  planets  are  stated  in  the  "  Nautical  Alma- 
nac," and  similar  publications,  three  or  four 
years  before  they  actually  happen. 

The  precise  time,  likewise,  when  the  planets 
Mercury  and  Venus  will  appear  to  pass  across 
the  sun's  disk,  has  been  predicted  for  a  cen- 
tury before  such  events  happened,  and  such 
transits  have  been  calculated  for  several  cen- 
taries  to  come,  and  will  most  assuredly  take 
place,  as  they  have  hitherto  done,  if  the  laws 
of  nature  continue  to  operate  as  in  ages  past. 
Dr.  Halley,  in  1691,  predicted  the  transit  of 
Venus  that  happened  in  1761,  seventy  years 
before  it  took  place  ;  and  not  only  so,  but  he 
calculated  the  precise  hour  in  which  the  planet 
would  appear  to  touch  the  limb  of  the  sun  as 
seen  from  different  places ;  the  particular  part 
of  the  sun's  margin  where  the  planet  would 
appear  and  disappear,  and  the  precise  course 
it  would  take  in  passing  across  the  disk  of  the 
sun ;  the  appearance  it  would  present  in  differ- 
ent regions  of  the  globe,  and  the  most  proper 
places  iw  both  hemispheres  were  pointed  out 
where  either  its  beginning,  middle,  or  end 
would  be  most  distinctly  observed,  in  order  to 
accomplish  the  object  in  view ;  namely,  the 
determination  of  the  exact  distance  of  the  sun. 


All  which  calculations  and  predictions  were 
ultimately  found  to  be  correct;  and  astrono- 
mers were  sent  to  different  parts  of  the  globe 
to  observe  this  interesting  phenomenon,  which 
happens  only  once  or  twice  in  the  course  of  a 
century.  The  same  astronomer  calculated  the 
period  of  a  comet,  distinguished  by  the  name 
of"  Halley 's  Comet,"  and  predicted  the  periods 
when  it  would  return.  It  was  seen  in  Eng- 
land in  1682,  and  Dr.  Halley  calculated  that 
it  would  again  appear  in  this  part  of  the  system 
in  1758  ;  and  it  accordingly  made  its  appear- 
ance in  December,  1758,  and  arrived  at  its 
perihehon  on  the  13th  of  March,  1759.  The 
validity  of  these  calculations  and  predictions 
has  been  again  verified  by  the  reappearance 
of  the  same  comet  in  1835;  just  at  the  time 
when  it  was  expected,  which  proves  that  it 
completes  its  course  in  the  period  which  had 
been  predicted,  namely,  seventy-six  years, 
and  will,  doubtless,  again  revisit  this  part  of 
the  system  in  the  year  1911  or  1912.  Astro- 
nomers can  likewise  point  out,  even  in  the 
daytime,  the  different  stars  and  planets  which 
are  above  the  horizon,  though  invisible  to  the 
unassisted  eye.  I  have  sometimes  surprised 
even  gentlemen  of  intelligence  by  showing 
them,  through  an  equatorial  telescope,  the  staf 
Arcturus,  and,  in  a  minute  or  two  afterward, 
the  star  Altair  in  another  part  of  the  heavens, 
and  the  planet  Venus  in  another  quarter  in 
the  form  of  a  brilliant  crescent,  while  the  sun 
was  several  hours  above  the  horizon,  and 
shining  in  its  greatest  brightness,  and  while 
these  bodies  are  every  moment  shifting  their 
apparent  positions ;  all  which  is  quite  easy  to 
be  accomplished  by  every  one  who  under- 
stands the  motions  of  the  heavenly  bodies  and 
the  first  principles  of  astronomy. 

Now  as  the  above  facts  are  indisputable, 
and  every  one  who  feels  an  interest  in  the 
subject  may  satisfy  himself  as  to  their  reality, 
it  is  evident  to  a  demonstration  that  the  prin- 
ciples of  science  on  which  such  calculations 
and  predictions  proceed  are  not  mere  conjec- 
tures or  precarious  suppositions,  but  have  a 
real  foundation  in  the  constitution  of  nature 
and  in  (he  fundamental  laws  which  govern 
the  universe.  And  as  the  knowledge  of  astro- 
nomers cannot  be  questioned  in  relation  to 
the  phenomena  to  which  I  refer,  it  w:>uld  be 
unreasonable,  and  injurious  to  the  moral  cha- 
racters of  such  men,  to  call  in  question  their 
modes  of  ascertaining  the  distances  of  the  sun 
and  the  planetary  bodies,  and  the  deductions 
they  have  made  in  relation  to  their  astonishing 
magnitudes.  There  is  no  science  whose  prin- 
ciples are  more  certain  and  demonstrable  than 
those  of  astronomy.  No  labour  or  expense 
has  been  spared  to  extend  its  observations, 
and  to  render  them  accurate  in  the  extreme; 
and  the  noblest  efforts  of  genius  have  been 
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ealled  forth  to  establish  its  truths  on  a  basis  leading  facts  and  deductions  of  this  science 
immutable  as  the  laws  of  the  universe ;  only  proclaims  his  own  imbecility  and  igno- 
and,  therefore,  the   man  who  questions  the    ranee. 


CHAPTER  VIIL 

On  the  Scenery  of  the  Heavens,  as  viewed  from  the  surfaces  of  the  different  Planets  and 

their  Satellites, 


This  is  a  department  of  descriptive  astro- 
nomy which  is  seldom  noticed  in  books  pro- 
fessedly written  to  illustrate  the  objects  of  this 
science.  It  is  here  introduced  not  only  as  an 
interesting  subject  of  contemplation,  but  as  an 
illustration  of  the  variety  which  the  Creator 
has  introduced  into  the  scenes  of  the  universe, 
and  as  a  collateral  or  presumptive  argument 
in  support  of  the  doctrine  of  a  plurality  of 
•worlds. 

Before  proceeding  to  the  particular  descrip- 
tions I  intend  to  give,  it  may  be  proper  to  state 
the  foWowing  General  Remarks  :  1.  The  dif- 
ferent clusters  of  stars  or  the  constellations 
will  appear  exactly  the  same  when  viewed 
from  the  other  planets  as  to  the  inhabitants  of 
our  globe.  For  example,  the  constellations, 
of  Orion  and  of  the  Great  Bear  will  appear 
of  the  same  shape  or  figure,  and  all  the  stars 
of  which  they  are  composed  will  appear  to 
have  the  same  arrangement  and  the  same 
relative  distances  from  each  other  and  from 
neighbouring  stars,  as  they  do  to  us.  2.  The 
apparent  magnitudes  of  the  fixed  stars  will 
appear  exactly  the  same  as  they  do  when 
viewed  from  our  world ;  that  is,  they  will  ap- 
pear no  larger  than  shining  points  of  different 
magnitudes,  even  when  viewed  from  the  most 
distant  planets.  The  reason  of  this  and  of  the 
preceding  position  is  obvious  from  the  conside- 
ration of  the  immense  distance  of  those  bodies; 
for  although  we  are  190  millions  o^  miles 
nearer  some  of  the  fixed  stars  at  one  time  of 
the  year  than  at  another,  yet  there  appears  no 
sensible  difference  in  their  size  or  arrange- 
ment, and  although  we  were  placed  on  the 
remotest  planet  of  the  system,  we  have  no 
reason  to  believe  that  any  material  difference 
in  this  respect  would  be  perceived ;  for  the 
distances  of  the  remoter  planets  bear  no  sen- 
sible proportion  to  the  distances  of  the  fixed 
stars.  Even  the  distance  of  the  planet  Uranus, 
great  as  it  is,  which  would  require  four  hundred 
years  for  a  cannon  ball  to  move  over  the  space 
whirch  intervenes  between  that  orb  and  us,  is 
less  than  the  ten  thousandth  part  of  the  dis- 
tance of  the  nearest  star ;  and,  therefore,  can 
produce  no  sensible  difference  in  the  general 
aspect  of  the  starry  firmament.  3.  Though 
the  general  arrangement  of  the  stars  and  con- 
gtellations  will  appear  the  same  as  to  us,  yet 


the  different  directions  of  the  axes  of  some  of 
the  planets  from  that  of  the  earth  ivill  cause  a 
different  appearance  in  their  apparent  diur^ 
not  revolutions*  Some  stars  wliich  appear  m 
our  equator  may,  in  other  planets,  appear  near 
one  of  their  poles,  and  our  pole  star  may  ap- 
pear near  their  equator. 

In  the  following  descriptions  it  is  taken  for 
granted  that  the  general  laws  of  vision  are 
materially  the  same  in  all  the  planetary  bodies 
as  in  that  part  of  the  system  which  we  occupy. 
Of  this  we  have  no  reason  to  doubt,  as  the 
same  identical  light  which  illuminates  the 
earth  likewise  enlightens  all  the  planets  and 
their  satellites.  It  originates  from  the  same 
source,  it  is  refracted  and  reflected  by  the  same 
laws,  and  must  produce  colours  similar  or 
analogous  to  those  which  diversify  the  surface 
of  our  globe  ;  though,  perhaps,  susceptible  of 
numerous  modifications  in  other  regions,  ac- 
cording to  the  nature  of  the  atmospheres 
through  which  it  passes,  and  the  quality  of 
the  objects  on  which  it  falls.  The  descrip- 
tions that  follow  likewise  proceed  on  the  sup- 
position that  the  extent  of  vision  is  the  same 
as  ours.  This,  in  all  probability,  is  not  the 
case.  It  is  more  probable  that,  in  certain 
worlds,  the  organs  of  vision  of  their  inhabit- 
ants may  be  far  more  exquisite  than  ours, 
and  capable  of  surveying  with  distinctness  a 
much  more  extensive  range  o^  view.  But  as 
we  are  ignorant  of  such  particulars,  we  can 
only  proceed  on  the  assumption  of  what  would 
appear  to  eyes  constituted  hke  ours  were  we 
placed  on  the  surfaces  of  the  different  planets. 

Scenery  of  the  Heavens  from  the  Planet 
Mercury. — This  planet  being  so  near  the  sun 
has  prevented  us  from  discovering  various 
particulars  which  have  been  ascertained  in 
relation  to  several  of  the  other  planets ;  and. 
therefore,  little  can  be  said  respecting  its  celes 
tial  scenery.  The  starry  heavens  will  appeal 
to  move  around  it  every  twenty-four  hours,  as 
they  do  to  us,  if  the  observations  of  M.  Schroe 
ter,  formerly  stated  (p.  33)  be  correct ;  but  tht 
direction  of  its  axis  of  rotation  is  not  known, 
and,  therefore,  we  cannot  tell  what  stars  will 
appear  near  its  equator  or  its  poles.  The  sun 
will  present  a  surface  in  the  heavens  seven 
times  as  large  as  he  does  to  us,  and,  of  course, 
will  exhibit  a  very  august  and  brilliant  appear- 
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Mice  in  the  sky,  and  will  produce  a  corres- 
ponding brightness  and  vividness  of  colour  on 
the  objects  wliich  are  distributed  over  the  sur- 
face of  the  planet.  Both  Venus  and  the  earth 
will  appear  as  superior  planets;  and  when 
Venus  is  near  its  opposition  to  the  sun,  at 
which  time  it  will  rise  when  the  sun  sets,  it 
will  present  a  very  brilliant  appearance  to  the 
inhabitants  of  Mercury,  and  serve  the  purpo- 
ses of  a  small  moon,  to  illuminate  the  evenings 
in  the  absence  of  the  sun.  As  Venus  presents 
a  full  enlightened  hemisphere  at  this  period  to 
the  inhabitants  of  Mercury,  it  will  exhibit  a 
surface  six  or  seven  times  larger  than  it  does 
to  us  when  it  shines  with  its  greatest  brilliancy, 
and,  therefore,  will  appear  a  very  bright  and 
conspicuous  object  in  the  firmament  of  this 
planet.  At  all  other  times  it  will  appear  at 
least  two  or  three  times  larger  than  it  ever 
does  as  seen  from  the  earth.  It  will  generally 
appear  round ;  but  at  certain  times  it  will  ex- 
hibit a  gibbous  phase,  as  the  planet  Mars  fre- 
quently does  to  us.  It  will  never  appear  to 
the  inhabitants  of  Mercury  in  the  form  of  a 
crescent  or  a  half  moon,  as  it  sometimes  does 
through  our  telescopes.  There  is  no  celestial 
body  within  the  range  of  this  planet  with 
which  we  are  acquainted  which  will  exhibit 
either  a  half  moon  or  a  crescent  phase,  unless 
it  be  accompanied  with  a  satellite.  The  earth 
is  another  object  in  the  firmament  of  Mercury 
which  will  appear  next  in  splendour  to  Venus. 
The  earth  and  Venus  are  nearly  of  an  equal 
size,  Venus  being  only  130  miles  less  in 
diameter  than  the  earth  ;  but  the  earth  being 
nearly  double  the  distance  of  Venus  from 
Mercury,  its  apparent  size,  at  the  time  of  its 
opposition  to  the  sun,  will  be  only  about  half 
that  of  Venus,  The  earth,  however,  at  this 
period,  will  appear  in  the  sky  of  Mercury  of  a 
size  and  splendour  three  or  four  times  greater 
than  Venus  does  to  us  at  the  period  of  its 
greatest  brilliancy.  Our  moon  will  also  be 
seen  like  a  star  accompanying  the  earth, 
sometimes  approaching  to  or  receding  further 
from  the  earth,  and  sometimes  hidden  from 
the  view  by  passing  across  the  disk  of  the 
earth  or  through  its  shadow.  It  will  probably 
appear  about  the  size  and  brightness  of  Mars 
or  Saturn,  as  seen  in  our  sky.  The  earth 
with  its  satellite,  and  Venus,  will  be  seen 
near  thD  same  point  of  the  heavens  at  the 
end  of  every  nineteen  months,  when  they  will 
for  some  time  appear  the  most  conspicuous 
objects  in  the  heavens,  and  will  difi^use  a  con- 
siderable portion  of  light  in  the  absence  of  the 
sun.  At  other  periods,  the  one  will  rise  in 
the  eastern  horizon  as  the  other  sets  in  the 
western ,  so  that  the  inhabitants  of  Mercury 
will  seldom  be  without  a  conspicuous  object 
In  their  heavens,  diffusing  a  lustre  far  supe- 
rior to  thai:  of  any  other  stars  or  planets.  The 
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earth  will  he  in  opposition  to  the  sun  ©very 
four  mouths,  and  Venus  after  a  period  of  five 
months.  The  planets  Mars,  Jupiter,  and 
Saturn  will  appear  nearly  as  they  do  to  us, 
but  with  a  somewhat  inferior  degree  of  mag- 
nitude and  brilliancy,  particularly  in  the  case 
of  Mars.  The  period  of  the  annual  rcFolu- 
tion  of  Mercury  being  eighty-eight  days,  the 
sun  will  appear  to  move  from  we^t  to  east 
through  the  circle  of  the  heavens  at  a  rate 
more  than  four  times  greater  than  his  apparent 
motion  through  the  signs  of  our  zodiac. 

Appearance  of  the  Heavens  as  viewed  from 
Venus. — To  the  inhabitants  of  this  planet 
the  heavens  will  present  an  aspect  nearly 
similar  to  that  of  Mercury,  with  a  few  varia- 
tions. Mercury  will  be  to  Venus  an  inferior 
planet,  which  will  never  appear  beyond  thirty- 
eight  or  forty  degrees  of  the  sun.  It  will  ap- 
pear in  the  evening  after  sunset  for  the  space 
of  two  or  three  hours  when  near  its  elonga- 
tion, and  in  the  morning  before  sunrise  when 
in  the  opposite  part  of  its  course,  and  will 
alternately  be  a  morning  and  an  evening  star 
to  Venus,  as  that  planet  is  to  us,  but  with  a 
less  degree  of  splendour.  The  most  splendid 
object  in  the  nocturnal  sky  of  Venus  will  be 
the  ett?'M,  when  in  opposition  to  the  sun,  when 
it  will  appear  with  a  magnitude  and  splen- 
dour five  or  six  times  greater  than  either  Ju- 
piter or  Venus  appears  to  us  at  the  time  of 
their  greatest  brilliancy.  It  will  serve,  in  a 
great  measure,  the  purpose  of  a  moon  to 
Venus,  if  this  planet  have  no  satellite,  and 
will  cause  the  several  objects  on  its  surface  to 
project  distinct  and  well-defined  shadows,  as 
our  moon  does  when  she  appears  a  crescent. 
Our  moon,  in  its  revolutions  round  the  earth, 
will  likewise  appear  a  prominent  object  in  the 
heavens,  and  will  probably  ap}/ear  about  the 
size  that  Jupiter  appears  to  us.  Her  occulta- 
tions,  eclipses,  and  transits  across  the  earth's 
disk  will  be  distinctly  visible.  With  tele- 
scopes such  as  the  best  of  ours  the  earth 
would  appear  from  Venus  a  much  larger  and 
moi-e  variegated  object  than  any  of  the  planets 
do  to  us  when  viewed  with  high  magnifying 
powers.  The  forms  of  our  different  conti- 
nents, seas,  and  islands,  the  different  strata  of 
clouds  in  our  atmosphere,  with  their  several 
changes  and  motions,  and  the  earth's  diurnal 
rotation,  would,  in  all  probability,  be  distinctly 
perceived.  Even  the  varieties  which  distin- 
guish the  surface  of  our  moon  would  be  visi- 
ble with  telescopes  of  high  magnifying  power. 
The  circumstances  now  stated  prove  the  con- 
nexion of  the  different  parts  of  the  planetary 
system  with  one  another,  and  that  the  Creator 
has  so  arranged  this  system  as  to  render  one 
world,  in  a  certain  degree,  subservient  to  the 
benefit  of  another.  The  earth  serves  as  a 
large  and  splended  moon  to  the  lunar  inha- 
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bitants ;  it  serves,  in  a  certain  degree,  the  pur- 
pose of  a  famali  moon  to  Mercury  ;  it  serves 
the  purpose  of  a  larger  moon,  by  exhibiting  a 
surface  and  a  radiance  four  times  greater  to 
the  inhabitants  of  Venus ;  and  it  serves  as  a 
morning  and  an  evening  star  to  the  planet 
Mars.  So  that,  vv^hiie  we  feel  enjoyment  in 
contemplating  the  moon  walking  in  bright- 
ness, and  hail  with  pleasure  the  morning  star 
as  the  harbinger  of  day,  and  feel  a  delight  in 
surveying  those  nocturnal  orbs  through  our 
telescopes,  the  globe  on  which  we  dwell 
affords  similar  enjoyments  to  the  intellectual 
beings  in  neighbouring  worlds,  who  behold 
our  habitation  from  afar  as  a  bright  speck 
upon  their  firmament,  difTusing  amid  the 
shades  of  night  a  mild  degree  of  radiance. 
From  Venus  the  planets  Saturn  and  Jupi- 
ter will  appear  nearly  as  they  do  to  us,  but 
the  planet  Mars  will  appear  considerably 
smaller.  The  sun  in  this  planet  will  present 
a  surface  twice  as  large  as  he  does  in  our 
sky,  and  will  appear  to  make  a  revolution 
round  the  heavens  in  the  course  of  seven 
months  and  a  half,  which  completes  the  year 
of  Venus. 

7Vie  Heave7is  as  viewed  from  Mars. — From 
this  planet  the  earth  will  at  certain  periods  be 
distinctly  seen,  but  it  will  present  a  different 
aspect  both  in  its  general  appearance  and  its 
apparent  motions  from  what  it  does  to  the  in- 
habitants of  Venus.  To  Mars  the  earth  is 
an  inferior  planet,  whose  orbit  is  within  the 
orbit  of  Mars.  It  will  therefore,  be  seen  only 
as  a  morning  and  an  evening  star,  as  Venus 
appears  to  us ;  but  with  a  less  degree  of  mag- 
nitude and  brightness,  since  Mars  is  at  a' 
greater  distance  from  the  earth  than  the  earth 
is  from  Venus.  It  will  present  to  Mars  suc- 
cessively the  form  of  a  crescent,  a  fialf  moon, 
and  a  gibbous  phase,  but  will  seldom  or  never 
be  seen  as  a  full  enlightened  hemisphere,  on 
account  of  its  proximity  to  the  sun,  when  its 
enlightened  surface  is  fully  turned  towards 
the  planet ;  nor  will  it  ever  appear  further  re- 
moved from  the  sun,  either  in  the  mornings 
or  evenings,  than  forty-eight  degrees,  so  that 
the  earth  will  never  appear  in  the  firmament 
or  Mars  about  midnight.  The  earth  will 
likewise  be  sometimes  seen  to  pass  across  the 
sun's  disk  like  a  round  black  spot,  as  Venus 
and  Mercury  at  certain  periods  appear  to  us  ; 
but  the  planet  Mercury  will  never  be  seen 
from  Mars  on  account  of  its  smallness  and  its 
nearness  to  the  sun ;  for  at  its  greatest  elonga- 
tion it  will  be  only  a  few  degrees  from  the 
Bun's  margin,  and  will  consequently  be  im- 
mersed in  his  rays.  The  only  time  in  which 
it  might  happen  to  be  detected  will  be  when 
it  makes  a  transit  across  the  solar  disk.  Venus 
will  be  as  seldom  seen  by  the  inhabitants  of 
Mars  as  Mercury  is  to  us.  Our  moon  will 
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likewise  be  seen  from  Mars  like  a  small  star 
accompanying  the  earth,  sometimes  appearing 
to  the  east  and  sometimes  to  the  west  of  the 
earth,  but  never  at  a  greater  distance  from 
each  other  than  fifteen  minutes  of  a  degree, 
or  about  half  the  apparent  breadth  of  the 
moon ;  and  with  telescopes  such  as  ours  all 
its  phases  and  eclipses  might  be  distinctly  per- 
ceived. The  planets  Jupiter  and  Saturn  will 
appear  to  Mars  nearly  as  they  do  to  us.  At 
the  time  of  Jupiter's  opposition  to  the  sun 
that  planet  will  appear  a  slight  degree  larger, 
as  Mars  is  then  fifty  millions  of  miles  neanjr 
it  than  we  are ;  but  Saturn  will  not  appear 
sensibly  larger  than  to  us ;  and  it  is  likely  that 
the  planets  Uranus,  Vesta,  Juno,  Ceres,  and 
Pallas  will  not  be  more  distinguishable  than 
they  are  from  our  globe.  The  point  Aries, 
on  the  ecliptic  of  Mars,  or  one  of  the  points 
where  its  ecliptic  and  equator  intersect  each 
other,  corresponds  to  19°  28'  of  our  sign 
Sagittarius.  In  consequence  of  this,  the 
poles  of  Mars  will  be  directed  to  points  of  the 
heavens  considerably  different  from  our  polar 
points,  and  its  equator  will  pass  through  a 
different  series  of  stars  from  that  which  marks 
our  equator,  which  will  cause  the  different 
stars  and  constellations  in  their  apparent  diur- 
nal revolution  to  present  a  different  aspect 
from  what  they  do  in  their  apparent  move- 
ments round  our  globe. 

The  Heavens,  as  viewed  from  Vesta,  Juno, 
Ceres,  and  Pallas. — These  planets,  being  so 
very  nearly  at  the  same  mean  distance  from 
the  sun,  the  appearance  of  the  heavens  will 
be  nearly  the  same  to  the  inhabitants  (if  any) 
of  each  of  these  bodies.  The  planet  Jupiter 
will  be  the  most  conspicuous  object  in  the 
nocturnal  sky  of  all  these  planets,  and  will 
appear  with  nearly  three  times  the  size  and 
splendour  that  he  does  when  seen  from  the 
earth,  so  as  to  exhibit  the  appearance  of  a 
small  brilliant  moon.  Saturn  will  appear 
somewhat  larger  and  brighter  than  to  us,  but 
the  difference  in  his  appearance  will  be  incon- 
siderable ;  nor  will  Uranus  be  more  distinctly 
visible  than  from  the  earth.  At  other  times, 
when  near  their  conjunction  with  the  sun,  these 
planets  will  appear  smaller  than  to  us  Mars 
will  sometimes  appear  as  a  morning  and  an 
evening  star,  but  he  will  always  be  in  the  im- 
mediate neighbourhood  of  the  sun,  and  will 
present  a  surface  much  less  in  apparent  size 
than  he  does  to  the  earth.  The  earth  will 
seldom  be  seen  on  account  of  its  proximity 
to  the  sun ;  and  Venus  and  Mercury  will  be 
altogether  invisible,  unless  when  they  transit 
the  solar  disk.  It  is  likely  that,  at  certain 
times,  the  planets  Vesta,  Juno,  Ceres,  and 
Pallas  will  exhibit  an  uncommon,  and  occa 
sionally  a  brilliant  appearance  in  the  iirma' 
ment  of  each  other.     As  their  distances  frona 


Hosted  by  Google 


CELESTIAL  SCENERY  FROM  JUPITER, 


149 


the  sun  aie  so  nearly  the  same,  they  may  oc- 
casionally approach  each  other  so  as  to  be  ten 
times  nearer  to  one  another  in  one  part  of 
their  course  than  at  another.  It  is  even  pos- 
sible that  they  might  approach  within  a  few 
miles  of  each  other,  or  even  come  into  colli- 
sion. These  different  positions  in  which  they 
may  be  placed  in  relation  to  one  another  will 
doubtless  produce  a  great  variety  in  the  ap- 
pearances they  present  in  their  respective 
firmaments;  so  that  at  one  time  they  may 
present  in  the  visible  firmament  a  surface  a 
hundred  or  even  two  hundred  times  greater 
than  they  do  in  other  parts  of  their  annual 
revolutions.  It  is  probable,  therefore,  that  the 
diversified  aspects  of  these  planets,  in  respect 
to  each  other,  will  form  the  most  striking  phe- 
nomena which  diversify  their  nocturnal  hea- 
vens. In  consequence  of  the  great  eccentricity 
of  the  orbit  of  Pallas,  the  sun  will  appear 
much  larger  to  this  planet  in  one  part  of  its 
revolution  than  it  does  at  another. 

Celestial  Scenery  from  Jupiter, — The  only 
planet  whose  appearance  will  be  conspicuous 
in  the  firmament  of  Jupiter  is  the  planet 
Saturn,  which  will  appear  with  a  surface  four 
times  greater  than  is  exhibited  in  our  sky^  and 
will  appear  larger  than  either  Jupiter  or  Venus 
does  to  us,  particularly  at  the  time  of  its  oppo- 
sition to  the  sun.  At  certain  other  periods, 
when  near  the  time  of  its  conjunction  with 
the  sun,  it  will  appear  considerably  smaller 
than  when  viewed  from  the  earth  ;  as,  at  such 
periods,  Saturn  is  nearly  fourteen  hundred 
millions  of  miles  distant  from  Jupiter,  while 
it  is  never  beyond  ten  hundred  millions  from 
the  earth,  even  at  its  remotest  distance.  The 
planet  Uranus,  which  is  scarcely  visible  to  our 
unassisted  sight,  will  not  be  much  more  dis- 
tinguishable at  Jupiter  than  with  us,  even  at 
the  period  of  its  opposition,  although  Jupiter 
is  at  that  time  400,000,000  of  miles  nearer  it 
than  a  spectator  on  the  earth.  At  other  times, 
when  near  its  conjunction  with  the  sun,  it 
will  be  2,300,000,000  of  miles  from  Jupiter, 
which  is  400,  00,000  of  miles  more  distant 
than  it  ever  is  from  us.  Mars  will  scarcely 
be  seen  from  Jupiter,  both  on  account  of  his 
smallness  and  his  proximity  to  the  sun ;  for 
at  his  greatest  elevation  he  can  never  be  more 
than  eighteen  degrees  from  that  luminary. 
The  earth,  too,  will  be  invisible  from  Jupiter, 
both  on  account  of  its  small  size,  its  distance, 
and  its  being  in  the  immediate  vicinity  of  the 
sun,  and  immersed  in  its  rays ;  so  that  the  in- 
habitants of  this  planet  will  scarcely  suspect 
that  such  a  globe  as  that  on  which  we  dwell 
exists  in  the  universe.  It  is  a  humiliating 
consideration  to  reflect,  that  before  we  have 
passed  over  one  fourth  part  of  the  extent  of 
our  system,  this  earth,  with  all  its  kingdoms 
and  fancied  grandeur,  of  which  mortals  are 


so  proud,  vanishes  from  the  sight,  as  if  it  were 
a  mere  atom  in  creation,  and  is  altogether 
unnoticed  and  unknown.  It  is  calculated  to 
convey  a  lesson  of  humility  and  of  humanity 
to  those  proud  and  ambitious  mortals  who 
glory  in  their  riches,  and  in  the  small  patches 
of  earthly  territory  they  have  acquired  at  the 
expense  of  the  blood  of  thousands  of  their 
fellow- men,  and  who  fancy  themselves  to  be 
a  species  of  demigods,  because  they  have  as- 
sisted in  the  conquest  of  nations,  and  in 
spreading  ruin  and  devastation  over  the  earth. 
Let  us  wing  our  flight  to  Jupiter  or  Saturn, 
which  appear  so  conspicuous  in  our  nocturnal 
sky,  and  before  we  have  arrived  at  the  middle 
point  of  the  planetary  system  this  globe  on 
which  we  tread,  with  all  the  proud  mortals 
that  dwell  upon  its  surface,  vanishes  from  the 
sight  as  a  particle  of  water,  with  its  micro- 
scopic animalculse,  dropped  into  the  ocean, 
disappears  for  ever.  In  those  regions  more 
expansive  and  magnificent  scenes  open  to 
view,  and  their  inhabitants,  if  ever  they  have 
heard  of  such  beings  as  fallen  man,  look  down 
with  an  eye  of  pity  and  commiseration,  and 
view  their  characters  and  conduct  with  a  holy 
indignation  and  contempt. 

Venus  and  Mercury  will,  of  course,  be  alto- 
gether invisible  from  the  surface  of  Jupiter, 
and  it  is  questionable  whether  even  the  planets 
Vesta,  Juno,  Ceres,  and  Pallas  will  be  per- 
ceived. But  although  so  few^  of  the  primary 
planets  are  seen  in  the  nocturnal  sky  of  this 
planet,  its  firmament  will  present  a  most  splen- 
did and  variegated  aspect  by  the  diversified 
phases,  ecfipses,  and  movements  of  the  satel- 
lites with  which  it  is  encircled  ;  so  that  its  in- 
habitants will  be  more  charmed  and  interested 
by  the  phenomena  presented  by  their  own 
moons  than  by  their  contemplation  of  the  other 
bodies  of  the  system.  But  as  I  have  already 
described  the  appearances  of  the  moons,  as 
seen  from  Jupitei  (p.  122,  chap.  iv.  sec.  ii.) 
it  is  unnecessary  to  enlarge. 

Scenery  of  the  Heavens  as  viewed  from  So- 
turn, — The  firmament  of  Saturn  will  unques- 
tionably present  to  view  a  more  magnificent 
and  diversified  scene  of  celestial  phenomena 
than  that  of  any  other  planet  of  our  system. 
It  is  placed  nearly  in  the  middle  of  that  space 
which  intervenes  between  the  sun  and  the  orbit 
of  the  remotest  planet.  Including  its  rings 
and  satellites,  it  may  be  considered  as  the 
largest  body  or  system  of  bodies  within  the 
limits  of  the  solar  system  ;  and  it  excels  them 
all  in  the  sublime  and  diversified  apparatus 
with  wnich  it  is  accompanied.  In  these  re- 
spects Saturn  may  justly  be  considered  as  the 
sovereign  among  the  planetary  hosts.  The 
prominent  parts  of  its  celestial  scenery  may  be 
considered  as  belonging  to  iis  own  system  of 
rings  and  satellites,  and  the  views  which  will 
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occasionaHy  be  opened  of  the  firmament  of 
the  fixed  stars ;  for  few  of  the  other  planets 
will  make  their  appearance  in  its  sky.  Jupi- 
ter will  appear  alternately  as  a  morning  and 
an  evening  star,  with  about  the  same  degree 
of  brilliancy  it  exhibits  to  us ;  but  it  will  sel- 
dom be  conspicuous  except  near  the  period  of 
its  greatest  elongation,  and  it  will  never  appear 
to  remove  from  the  sun  further  than  thirty- 
Reven  degrees,  and,  consequently,  will  not  ap- 
pear so  conspicuous,  nor  for  such  a  length  of 
time,  as  Venus  does  to  us.  Uranus  is  the 
only  other  planet  which  will  be  seen  from  Sa- 
turn, and  it  will  there  be  distinctly  perceptible, 
like  a  star  of  the  third  magnitude,  when  near 
the  time  of  its  opposition  to  the  sun.  But  near 
the  time  of  its  conjunction  it  will  be  completely 
invisible,  being  then  eighteen  hundred  mil- 
lions of  miles  more  distant  than  at  the  opposi- 
tion, and  eight  hundred  millions  of  miles  more 
distant  from  Saturn  than  it  ever  is  from  the 
earth  at  any  period.  All  the  other  eight 
planets,  together  with  our  moon,  will  be  far 
beyond  the  reach  of  a  spectator  in  Saturn,  un- 
less he  be  furnished  with  organs  of  vision  far 
superior  to  ours  in  their  "  space-penetrating 
power."  It  is  not  improbable  that  more 
comets  will  be  seen  in  their  course  from  the 
sun,  from  the  distant  regions  in  which  Saturn 
moves,  than  from  that  part  of  the  system  in 
which  we  are  placed.  Some  of  these  bodies, 
when  they  pass  beyond  the  limits  of  our  view, 
will  be  visible  beyond  the  orbit  of  Saturn  ;  and 
as  their  motions  in  those  distant  spaces  are 
much  slower  than  when  near  the  sun,  they 
will  remain  visible  for  a  longer  time,  when 
they  happen  io  make  their  appearance,  than 
they  do  when  passing  through  our  part  of  the 
system. 

Having  already  given  a  pretty  full  descrip- 
tion of  the  appearance  of  the  rings  of  this 
planet  as  viewed  from  its  surface  (p.  87-91) 
and  of  the  phenomena  exhibited  by  its  satel- 
lites (p.  126,)  it  is  unnecessary  to  introduce 
the  subject  in  this  place.  I  shall  only  remark 
further,  in  regard  to  the  rings  which  encompass 
this  planet,  that,  besides  the  light  they  reflect 
on  the  planet,  and  the  brilliant  aspect  they 
present  in  its  firmament,  they  cast  a  great 
diversity  of  shadows  upon  the  surface  of  the 
planet,  of  different  breadths  at  different  times 
and  places,  and  it  will  require  a  considerable 
degree  of  attention  and  investigation  on  the 
part  of  its  inhabitants  to  determine  whence  the 
shadows  proceed.  For  when  the  dark  sides 
of  the  rings  are  turned  towards  them,  they 
will,  in  all  probability,  be  invisible  in  their 
sky,  as  the  dark  side  of  the  moon  or  of  Venus 
is  to  us ;  and,  therefore,  they  may  be  at  a  loss, 
in  some  instances,  to  discover  the  causes  of 
such  varieties  of  light  and  shade.  For, 
although  we  are  placed  in  a  convenient  posi- 
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tion  to  perceive  that  they  are  in  reality  com 
plete  rings  v/hich  environ  the  body  of  Saturn* 
yet  it  will  not  be  so  easy  for  its  inhabitants  to 
discover  this  fact ;  as  only  a  portion  of  the 
rings  will  be  visible  in  some  places,  and  in  the 
regions  near  the  poles  they  will  appear  only 
like  a  bright  streak  in  the  horizon.  They  Avili 
naturally  conclude  that  the  shadows  proceed 
from  some  body  in  their  firmament ;  but  they 
will  require  to  make  a  great  variety  o"^  obser* 
vations,  to  compare  them  together,  and  to  in- 
vestigate the  doctrine  of  parallaxes,  before  they 
come  to  the  conclusion  that  the  phenomena 
alluded  to  are  caused  by  mighty  rings  which 
encompass  their  habitation. 

As  the  diameter  of  Saturn  is  ten  times  the 
diameter  of  the  earth,  it  will  be  comparatively 
easy  for  its  inhabitants  to  find  the  parallaxes, 
distances,  and  magnitudes  of  its  difierent  satel- 
lites, and  likewise  of  Jupiter  and  Uranus, 
which  are  the  only  planets  visible  from  Saturn. 
To  those  who  dwell  in  its  equatorial  regions, 
the  motion  of  the  rings  around  their  axes  will 
furnish  an  accurate  measure  of  time,  as  well 
as  the  diurnal  rotation  of  the  planet ;  and  to 
all  places  on  its  surface  the  periodical  revolu- 
tions of  its  different  satellites  will  aflford  various 
measures,  divisions,  and  subdivisions  of  the 
lapse  of  duration.  The  sun  will  appear  from 
this  planet  of  a  size  about  five  times  the  dia- 
meter which  Jupiter  presents  to  our  view,  or 
about  1-9  or  1-10  part  of  the  diameter  of  the 
sun  as  seen  from  the  earth  ;  but,  notwithstand- 
ing, there  appears  no  deficiency  of  light  on 
the  surface  of  Saturn. 

Let  us,  then,  suppose  two  mighty  arches  in 
Saturn's  nocturnal  sky,  appearing  to  the  in- 
habitants of  one  region  like  broad  semicircles 
of  light  extending  completely  across  the 
heavens,  to  other  regions  like  large  segments 
of  an  arch,  the  highest  point  of  which  elevated 
only  twenty  or  thirty  degrees  above  the  hori- 
zon, and  to  the  places  adjacent  to  the  polar  re- 
gions as  a  zone  of  light  hovering  in  the  horizon  ; 
let  us  suppose  the  distant  stars  twinkling 
through  the  dark  space  which  separates  the 
rings  ;  the  sun  eclipsed  at  noon,  in  one  place, 
by  the  upper  edge  of  the  rings,  and  in  anothei 
place  by  the  lower ;  the  brightness  of  this  lu 
minary  waxing  dimmer  and  dimmer,  and  in  a 
few  hours  hidden  by  an  invisible  object,  not 
to  appear  again  till  after  a  lapse  of  fourteen 
years ;  and  the  inhabitants  of  this  region  of 
shadows  occasionally  travelling  to  those  coun 
tries  where  the  rhigs  are  enlightened  and  the 
sun  is  constantly  shining  :  let  us  suppose  one 
moon,  nine  times  as  large  in  apparent  size  as 
ours,  suspended  in  the  canopy  of  heaven ; 
another,  three  times  as  large  as  ours,  in  another 
quarter  of  the  sky  ;  a  third  twice  as  large  ;  a 
fourth  about  the  apparent  size  of  our  moon  . 
and  a  fifth,  sixth,  and  seventh  of  different  ap 
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parent  magnitudes ;  some  of  them  appearing 
with  a  crescent,  some  with  a  gibbous  phase, 
and  others  with  a  full  enlightened  hemisphere ; 
some  rising,  some  setting ;  one  entering  into 
an  eclipse,  and  another  emerging  from  it ;  let 
us  suppose  such  scenes  as  these,  and  we  may 
acquire  a  general  idea  of  the  phenomena  pre- 
sented in  the  heavens  of  Saturn. 

Scenery  of  the  Heavens  in  Uranus.— The 
orhit  of  this  planet,  so  far  as  we  know,  forms 
the  extreme  boundary  of  the  planetary  system. 
Being  so  far  removed  from  the  centre  of  the 
system,  almost  all  the  other  planets  and  their 
satellites  will  be  invisible  to  a  spectator  placed 
on  this  orb.  The  only  planet  which  will  be 
distinctly  visible  is  Saturn,  which  will  be  seen 
occasionally  as  a  morning  and  an  evening  star, 
and  will  appear  nearly  of  the  same  size  as  to 
us ;  but  as  it  will  always  be  seen  in  the  imme- 
diate neighbourhood  of  the  sun,  it  will  only  be 
visible  at  certain  distant  periods,  or  intervals 
of  fifteen  years,  and  will  appear  about  as  near 
to  the  sun  as  Mercury  does  when  viewed  from 
the  earth.  Its  rings  and  satellites  might  oc- 
casionally be  perceived  with  such  instruments 
as  our  best  telescopes  when  it  is  near  the  points 
of  its  greatest  elongation.  It  is  not  probable 
that  Jupiter  will  be  visible  from  this  planet  on 
account  of  its  proximity  to  the  sun.  If  ever 
it  be  visible,  it  will  only  be  for  a  short  time, 
after  periods  of  six  or  eight  years  have  elapsed. 
Vrom  Uranus  it  is  likely  that  the  motions  of 
some  of  the  comets  will  be  seen  to  advantage, 
and  for  a  considerable  length  of  time,  as  the 
motions  of  these  bodies  must  be  comparatively 
slow  in  those  distant  regions.  It  is  not  impro- 
bable that,  in  their  course  from  the  sun,  the 
motions  of  some  of  these  bodies  may  be  fol- 
lowed to  the  extreme  point  of  their  trajectories, 
and  their  courses  traced  in  their  return  to- 
wards the  central  luminary ;  and  that  they 
may  be  visible  in  the  firmament  of  this  planet 
for  months,  and  even  for  years  together.  It  is 
likewise  probable  that,  from  Uranus,  the  pa- 
rallax of  the  nearest  fixed  stars,  and,  conse- 
quently, their  distance,  may  be  ascertained. 
For  the  diameter  of  its  orbit,  which  is  3,600,- 
000,000  of  miles,  will  form  a  pretty  extensive 
base  line  for  this  purpose,  and  will  produce  a 
parallax  nineteen  times  greater  than  that  of 
the  diameter  of  the  earth's  annual  orbit,  which 
is  only  190  millions  of  miles.  But  the  deter- 
mination of  such  a  parallax  would  require  a 
series  of  observations  made  at  intervals  of 
forty-two  years,  namely,  at  two  opposite  points 
of  the  orbit  of  Uranus,  in  moving  between 
which  it  occupies  a  space  of  nearly  forty-two 
years. 

The  most  splendid  and  interesting  scenery 
•n  the  firmament  of  this  planet  will  be  pro- 
duced by  the  phases,  eclipses,  revolutions,  and 
?ftrious  aspects  of  its  moons.     Six  of  these 


bodies  have  been  discovered  revolving  around 
it,  and  it  is  not  improbable  that  several  more 
(perhaps  three  or  four)  may  be  connected 
with  this  distant  orb,  the  smallness  of  which, 
and  their  nearness  to  the  planet,  may  for  ever 
prevent  them  from  being  detected  by  our  most 
powerful  instruments.  Let  us  suppose,  then, 
one  satellite  presenting  a  surface  in  the  sky 
eight  or  ten  times  larger  than  our  moon ;  a 
second  five  or  six  times  larger ;  a  third  three 
times  larger ;  a  fourth  twice  as  large ;  a  fifth 
about  the  same  size  as  the  moon;  a  sixth 
somewhat  smaller ;  and,  perhaps,  three  or  four 
others  of  different  apparent  dimensions;  let 
us  suppose  two  or  three  of  these,  of  different 
phases,  moving  along  the  concave  of  the  sky, 
at  one  period  four  or  five  of  them  dispersed 
through  the  heavens;  one  rising  above  the 
horizon,  one  setting,  one  on  the  meridian,  one 
towards  the  north,  and  another  towards  the 
south ;  at  another  period  five  or  six  of  them 
displaying  their  lustre  in  the  form  of  a  half 
moon  or  a  crescent  in  one  quarter  of  the 
heavens,  and  at  another  time  the  whole  of 
these  moons  shining,  with  full  enlightened 
hemispheres,  in  one  glorious  assemblage,  and 
we  shall  have  a  faint  idea  of  the  beauty,  vari- 
ety, and  sublimity  of  the  firmament  of  Uranus. 
What  is  deficient  in  respect  of  the  invisibihty 
of  the  other  planets  is  amply  compensated  by 
its  assemblage  of  satellites,  which  illuminate 
and  diversify  its  nocturnal  sky.  Although 
this  planet  is  more  than  seventeen  hundred 
millions  of  miles  nearer  some  of  the  fixed 
stars  than  we  are,  yet  those  luminaries  will 
not  appear  sensibly  larger,  as  seen  from  Ura- 
nus, than  they  do  from  our  globe.  For  even 
this  immense  interval  would  not  subtend  an 
angle  of  nineteen  seconds,  or  the  1-190  part 
of  a  degree,  as  seen  from  the  nearest  star; 
and,  of  course,  all  the  constellations  will  pre- 
sent the  same  figures  and  relative  aspects  as 
they  do  to  us,  with  this  difference  only,  that 
those  stars  which  are  near  our  equator  or 
tropics  may  be  near  the  poles  or  polar  ciiclesr 
of  Uranus.  This  depends  entirely  upon  the 
position  of  its  axis  of  rotation,  which  is  to  us 
unknown.  The  sun  will  appear  so  small  from 
this  planet,  that  its  apparent  diameter  will  not 
exceed  2^  times  the  apparent  diameter  of 
Jupiter;  but  its  light  is  not  so  weak  as  we 
might  be  apt  to  imagine  from  this  circum- 
stance, as  is  evident  from  the  brightness  it 
exhibits  when  viev/ed  with  a  telescope  in  the 
nighttime,  and  likewise  from  the  well-known 
phenomenon  that  when  the  sun  is  eclipsed  to 
us,  so  as  to  have  only  the  one  fortieth  part  of 
its  disk  left  uncovered  by  the  moon,  the  dimi- 
nution of  light  is  not  very  sensible ;  and  it  has 
been  fi'equently  noticed  that,  at  the  end  of  the 
darkness  in  total  eclipses,  when  the  sun's 
western  limb  begins  to  be  visible,  and  seems 
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no  bigger  thai"  a  thread  of  fine  silver  wire,  the 
increase  of  li^ht  is  so  considerable,  and  so 
quickly  illuminates  all  surrounding  objects,  as 
to  strike  the  spectators  with  surprise.  But 
whatever  deficiency  of  Hght  there  may  be  on 
this  planet,  we  may  rest  assured,  from  a  con- 
sideration of  the  wisdom  and  benevolence  of 
the  Cieator,  that  this  deficiency  is  amply  com- 
pensated, either  by  the  objects  on  which  it 
falls  being  endowed  with  a  strong  reflective 
power,  or  by  the  organs  of  vision  being  adapt- 
ed to  blie  light  received,  or  by  some  other  con- 
trivances with  which  we  are  unacquainted. 

BCEITEIIY  or  THE  HEAVENS  AS  SEEK  FROM  THE 
SATELLITES. 

Celestial  Scenery  of  the  Moon, — Although 
the  moon  is  the  nearest  body  to  the  earth,  and 
its  constant  attendant,  yet  its  celestial  pheno- 
mena will,  in  a  variety  of  respects,  be  very 
different  from  ours.  The  earth  will  appear  to 
be  the  most  splendid  orb  in  its  nocturnal  sky, 
and  its  various  phases  and  relative  positions 
will  form  a  subject  of  interesting  inquiry  and 
contemplation  to  its  inhabitants.  It  will  pre- 
sent the  appearance  of  a  globe  in  the  sky 
ihirteen  times  larger  than  the  moon  does  to 
us,  and  will  diffuse  nearly  a  corresponding 
portion  of  light  on  the  mountains  and  vales  on 
the  lunar  surface.  As  the  moon  always  pre- 
sents nearly  the  same  side  to  our  view,  so  the 
earth  will  he  visible  to  only  one  half  of  the 
lunar  inhabitants.  Those  who  live  on  the 
opposite  side  of  the  moon,  which  is  never 
turned  towards  our  globe,  will  never  see  the 
earth  in  the  sky  unless  they  undertake  a  jour- 
ney to  the  opposite  hemisphere  for  this  pur- 
pose ;  and  those  who  dwell  near  the  central 
parts  of  that  hemisphere  which  is  turned  from 
our  globe  will  require  to  travel  more  than 
1500  miles  before  they  can  behold  the  large 
globe  of  the  earth  suspended  in  the  sky.  To 
all  those  to  whom  the  earth  is  visible,  it  will 
appear  fixed  and  immovable  in  the  same 
relative  point  of  the  sky,  or,  at  least,  will  ap- 
pear to  have  no  circular  motion  round  the 
heavens.  To  a  spectator  placed  in  the  middle 
of  the  moon's  visible  hemisphere,  the  earth 
will  appear  directly  in  the  zenith  or  over  head, 
and  will  alv/ays  seem  to  be  fixed  very  nearly 
in  that  position.  To  a  spectator  placed  in  any 
part  of  the  extremity  of  that  hemisphere,  or 
wliat  seems  to  us  to  be  the  margin  of  the  moon, 
the  earth  will  appear  always  nearly  in  the 
horizon ;  and  to  spectators  at  intermediate  po- 
sitions the  earth  will  appear  at  higher  or  lower 
elevations  above  the  horizon,  according  to  their 
distance  from  the  extremities  or  the  central 
parts  of  that  hemisphere.  But,  although  the 
earth  appears  fixed  nearly  in  the  same  part 
of  the  sky,  there  is  a  slight  variation  produced 
by  i^hat  is  termed  the  libraiion  of  the  moon 
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(see  p.  Ill,)  by  which  it  appears  to  turn  oe« 
casionally  a  small  portion  of  its  hemisphere 
towards  the  earth.  In  consequence  of  this 
libration  the  earth  will  appear  now  and  then 
to  shift  its  position  a  little  by  a  kind  of  vibra- 
tory motion,  so  that  those  at  the  extremities 
of  the  hemisphere,  who  see  the  earth  in  their 
horizon,  will  sometimes  see  it  dip  a  little  be- 
low, and  at  other  times  rise  a  little  above  their 
horizon.  This  vibratory  motion  they  will  pro- 
bably be  disposed,  at  first  view,  to  attribute  to 
the  earth,  which  they  will  naturally  consider 
as  a  body  nearly  at  rest,  but  subject  to  a  vi- 
bratory movement  like  that  of  a  pendulum, 
whereas  this  apparent  vibration  proceeds  from 
the  moon  itself. 

The  earth  is  continually  shifting  its  phases 
as  seen  from  the  moon.  When  it  is  new 
moon  to  us  it  is  full  moon  to  the  lunar  in- 
habitants, as  the  hemisphere  of  the  earth  next 
the  moon  is  then  fully  enlightened ;  so  that,  at 
the  time  when  the  sun  is  absent,  they  enjoy 
the  effulgence  of  a  full  moon  thirteen  times 
larger  than  ours.  When  the  moon  is  in  the 
first  quarter  to  us,  the  earth  is  in  the  third 
quarter  to  them;  and,  in  every  other  case,  the 
phases  of  the  earth  are  exactly  opposite  to 
those  which  the  moon  presents  to  us  (see  p. 
111.)  The  earth  passes  through  all  the  phases 
of  the  moon  in  the  course  of  a  month  ;  but  the 
progress  of  these  phases  will  be  more  regu- 
larly and  accurately  perceived  than  that  of  the 
moon's  phases  are  by  ns.  When  it  is  night 
iu  the  moon,  and  the  nights  there  are  a  fort- 
night long,  the  inhabitants  see  at  first  only  a 
small  part  of  the  earth  enlightened,  like  a 
slender  crescent ;  then  a  larger  and  a  larger 
portion,  till  at  length  it  becomes  entirely  lumi- 
nous. During  the  whole  of  these  changes 
the  earth  is  every  moment  visible,  and  appa- 
rently fixed  in  the  same  immovable  position ; 
and  as  there  are  no  clouds  in  the  lunar  atmo- 
sphere, the  view  of  the  earth  and  of  the  varia- 
tion of  its  phases  will  never  be  interrupted ; 
whereas  these  changes  in  the  moon  are  visible 
to  us  only  from  one  night  to  another,  and,  by 
the  interposition  of  clouds,  the  moon  is  fre- 
quently hidden  from  our  view  for  seven  or 
eight  days  together.  By  means  of  the  light 
thus  diffused  by  the  earth  upon  the  moon,  it 
so  happens  that  the  side  of  the  moon  next  the 
earth  is  never  in  darkness;  for,  when  the  sun 
is  absent,  the  earth  shines  in  the  firmament 
with  a  greater  or  less  degree  of  splendour;  but 
when  the  sun  is  absent  from  the  other  hemi- 
sphere, the  inhabitants  have  no  light  but  what 
is  derived  from  the  stars  and  planets.  It  is 
probable,  however,  that  the  light  of  these  lu- 
minaries is  more  brilliant  as  seen  from  the 
moon  than  from  the  earth,  as  the  lunar  atm<>- 
sphere  is  more  pure  and  transparent  than  that 
of  the  earth,  and  as  no  clouds  or  dense  vapours 
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exist  in  it  to  intercept  the  rays  of  those  distant 
orbs ;  and  the  stars  an  d  planets  will  constantly 
shine  in  the  firmament  of  that  hemisphere  of 
the  moon  with  undiminished  lustre.  Perhaps, 
too,  there  may  be  some  arrangement  for  pro- 
viding additional  light  to  that  hemisphere  in 
the  absence  of  the  sun,  either  by  the  corusca- 
tions of  some  phosphoric  substance,  or  by 
something  analogous  to  our  aurora  borealis. 

Whether  the  earth  will  throw  as  much  light 
upon  the  moon,  in  proportion  to  its  size,  as 
the  moon  diffuses  upon  the  earth,  is  somewhat 
doubtful.  I  am  disposed  to  think  that  the 
greater  part  of  the  surface  of  the  terraqueous 
globe  will  not  reflect  so  much  light,  in  pro- 
portion to  its  bulk,  as  the  general  surface  of 
the  moon  ;  for,  as  the  greater  part  of  the  earth 
is  covered  with  water,  and  as  water  absorbs  a 
considerable  portion  of  the  rays  of  light,  the 
seas  and  ocean  will  present  a  more  dark  and 
sombre  aspect  than  any  part  of  the  lunar  orb 
presents  to  us ;  but  it  is  highly  probable  that 
the  continents  and  islands  will  exhibit  a  lustre 
nearly  equal  to  that  of  the  mountainous  re- 
gions of  the  moon. 

Although  the  earth  will  seem  nearly  fixed 
in  one  position,  yet,  its  rotation  round  its  axis 
will  be  distinctly  perceptible,  and  will  present 
a  variety  of  different  appearances.  Europe, 
Asia,  Africa,  and  America,  will  present  them- 
selves one  after  another  in  different  shapes, 
nearly  as  they  are  represented  on  our  maps 
and  globes ;  and  the  regions  near  our  poles, 
which  we  have  never  yet  had  it  in  our  power 
to  explore,  will  be  distinctly  seen  by  the  luna- 
rians, who  will  be  enabled  to  determine 
whether  they  chiefly  consist  of  land  or  of 
water.  The  several  continents,  seas,  islands, 
lakes,  peninsulas,  plains,  and  mountain 
ranges,  will  appear  like  so  many  spots,  of 
different  forms  and  degrees  of  brightness, 
mo\ing  over  its  surface.  When  the  Pacific 
Ocean,  which  occupies  nearly  half  the  globe, 
is  presented  to  view,  the  great  body  of  the 
earth  will  assume  a  dusky  or  sombre  aspect, 
except  towards  the  north,  the  north-east,  and 
north-west;  and  the  islands  connected  with 
this  ocean  will  exhibit  the  appearance  of 
small  lucid  spots  on  a  da''^  ground.  But 
when  the  eastern  continent  turns  round  to 
view,  the  earth  (especially  its  northern  parts) 
W\\\  appear  to  shine  with  a  greater  degree  of 
lustre.  These  appearances  will  be  diversified 
by  the  numerous  strata  of  cloud?  which  are 
continually  carried  by  the  winds  over  different 
regions,  and  will  occasionally  intercept  their 
view  of  certain  parts  of  the  continents  and 
seas,  or  render  their  appearance  more  obscure 
at  one  time  than  at  another.  It  is  likewise 
probable  that  the  occasional  storms  in  tropical 
climates,  and  the  changes  produced  in  different 
countries  by  summer  and  winter,  will  cause 


the  earth  to  present  a  diversity  of  aspect  to 
the  inhabitants  of  the  moon.  The  bands  of 
ice  which  surround  the  poles  will  alternately 
exhibit  a  kind  of  lucid  circle,  while  the  verdant 
plains  will  appear  of  a  different  colour  and 
assume  a  milder  aspect.  By  means  of  these 
different  spots,  the  lunarians  will  be  enabled 
to  determine  the  exact  period  of  the  earth's 
rotation,  as  we  determine  that  of  the  sun  by 
the  appearance  and  disappearance  of  the  spots 
on  its  surface.  And  as  the  period  of  the 
earth's  rotation  never  varies,  it*may  serve  as 
a  clock  or  dial  for  the  exact  measure  of  time ; 
and  the  lesser  divisions  of  this  period  may  be 
ascertained  by  the  appearance  on  the  margin 
or  the  central  parts  of  the  earth's  hemisphere 
of  certain  seas,  continents,  o^  large  islands, 
which  will  constantly  appear  on  certain  parts 
of  the  earth's  disk  at  regular  intervals  of  time. 
Through  telescopes  such  as  ours,  the  varie- 
gated aspect  of  the  earth  in  its  diurnal  motion 
would  present  to  us,  were  we  placed  on  the 
moon,  a  novel  and  most  interesting  appear- 
ance. 

The  apparent  diurnal  motions  of  the  sun, 
the  planets,  and  the  stars,  will  appear  much 
slower,  and  somewhat  different  in  several  re- 
spects from  what  they  do  to  us.  When  the 
sun  rises  in  their  eastern  horizon,  his  progress 
through  the  heavens  will  be  so  slow  that  it 
will  require  more  than  seven  of  our  days  be- 
fore he  comes  to  the  meridian,  and  the  same 
time  before  he  descends  to  their  western 
horizon  ;  for  the  days  and  nights  of  the  moon 
are  nearly  fifteen  days  each,  and  they  are 
nearly  of  an  equal  length,  on  all  parts  of  its 
surface,  as  its  axis  is  nearly  perpendicular  to 
the  ecliptic,  and,  consequently,  the  sun  never 
removes  to  any  great  distance  from  the  equator. 
During  the  day  the  earth  will  appear  like  a 
faint  cloudy  orb,  always  in  the  same  position ; 
and  during  night  the  stars  and  planets  will  be 
visible,  without  interruption,  for  fifteen  days, 
and  will  he  seen  moving  gradually  during 
that  time  from  the  eastern  to  the  western 
horizon.  Though  the  earth  will  always  be 
seen  in  the  same  point  of  the  sky  both  by  day 
and  night,  yet  it  will  appear  to  be  constantly 
shifting  its  position  with  respect  to  the  planets 
and  the  stars,  which  will  appear  to  be  regu- 
larly moving  from  the  east  to  the  west  of  it, 
and  some  of  them  will  occasionally  be  hidden 
or  suffer  an  occultafion  for  three  or  four  hours 
behind  its  body.  The  sun,  planets,  and  fixed 
stars  will  appear  exactly  of  the  same  apparent 
magnitudes  as  they  do  from  the  earth ;  but  as 
the  poles  of  the  moon  are  directed  to  points 
of  the  heavens  different  from  those  to  which 
the  poles  of  the  earth  are  directed,  the  pole- 
stars  in  the  lunar  firmament,  and  the  stars 
which  mark  its  equator  and  parallels,  will  all 
be  different  from  ours;  so  that  the  stars,  in 
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their  apparent  diurnal  rev/)Iutions,  will  appear 
to  describe  circles  dilfercrt  from  those  which 
they  describe  in  our  sky.  The  inferior  planets 
Mercury  and  Venus  will  generally  be  seen  in 
the  neighbourhood  of  the  sun,  as  they  are 
from  the  earth ;  but  they  will  be  more  dis- 
tinctly perceived,  and  be  visible  for  a  much 
longer  period  of  time  after  sunset  than  they 
are  from  our  globe.  This  is  owing,  first,  to 
the  transparency  of  the  lunar  atmosphere, 
and  the  absence  of  dense  vapours  near  the 
horizon,  which,  in  our  case,  prevent  any  dis- 
tinct observations  of  the  celestial  bodies  when 
at  a  low  altitude ;  and,  secondly,  to  the  slow 
apparent  diurnal  motion  of  these  bodies. 
When  Mercury  is  near  its  greatest  elonga- 
tion, it  will  remain  above  the  horizon  more 
than  thirty  hours  after  the  sun  has  set,  and, 
consequently,  will  be  visible  for  a  much  longer 
time  in  succession  than  it  is  to  us.  When 
Venus  is  near  its  greatest  elongation,  it  will 
be  seen,  without  intermission,  either  as  a 
morning  or  an  evening  star,  for  a  space  of 
time  equal  to  more  than  three  of  our  days. 
The  superior  planets,  as  with  us,  will  be  seen 
in  different  parts  of  the  heavens,  and  occa- 
sionally in  opposition  to  the  sun;  but  they 
will  appear  to  be  continually  shifting  their 
positions  with  respect  to  the  earth,  and  in  the 
course  of  fifteen  days  will  be  seen  in  the 
very  opposite  quarter  of  the  heavens,  and  in 
other  fifteen  days  will  be  again  in  conjunction 
with  the  earth ;  and  nearly  the  same  appear- 
ances will  be  observed  in  reference  to  the 
other  planets,  but  the  periodic  times  of  their 
conjunctions  with  the  earth  and  oppositions 
to  it  will  be  somewhat  different,  owing  to  the 
difference  of  their  velocities  in  their  annual 
revolutions. 

The  eclipses  of  the  sun  which  happen  to 
the  lunarians  will  be  more  striking,  and  total 
darkness  will  continue  for  a  much  longer  time 
than  with  us.  When  a  total  eclipse  of  the 
moon  happens  to  us,  there  will  be  a  total 
eclipse  of  the  sun  to  the  lunarians.  At  that 
time  the  dark  side  of  the  earth  is  completely 
turned  towards  the  moon,  and  the  sun  will 
appear  to  pass  gradually  behind  the  earth  till 
it  entirely  disappears.  The  time  of  the  con- 
tinuance of  total  darkness  in  central  eclipses 
will  be  nearly  two  hours;  and,  of  course,  a 
total  eclipse  of  the  sun  will  be  a  far  more 
striking  and  impressive  phenomenon  to  the 
inhabitants  of  the  moon  than  to  us,  A  com- 
plete darkness  will  ensue  immediately  after 
the  body  of  the  sun  is  hidden,  and  the  stars 
and  planets  will  be  as  clearly  seen  as  at  mid- 
night. When  a  partial  eclipse  of  the  moon 
happens  to  us,  all  that  portion  of  the  moon's 
surface  over  which  the  shadow  of  the  earth 
passes  will  suffer  a  total  eclipse  of  the  sun 
during  the  period  of  its  continuance.  On 
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other  parts  of  the  moon's  surface  there  will 
be  a  partial  eclipse  of  the  sun,  and  to  those 
who  are  beyond  the  range  of  the  earth's 
shadow  no  eclipse  will  appear.  When  an 
eclipse  of  the  sun  happens  to  us,  the  lunarians 
will  behold  a  dark  spot,  with  a  penumbra  or 
fainter  shades  around  it,  moving  across  the 
disk  of  the  earth,  which  then  appears  a  full 
enhghtened  hemisphere,  excepting  the  ob- 
scurity caused  by  the  progress  of  the  shadow. 
The  inhabitants  on  the  other  hemisphere  of 
the  moon  can  never  experience  a  solar  eclipse, 
as  the  earth  can  never  interpose  between  the 
sun  and  any  part  of  that  hemisphere,  so  that 
they  will  only  know  of  such  phenomena  by 
report,  unless  they  undertake  a  journey  for 
the  purpose  of  observing  them. 

The  study  of  astronomy  in  the  moon  will, 
on  the  whole,  be  more  difficult  and  complex 
than  to  us  on  the  earth.  The  phenomena 
exhibited  by  the  earth  will  be  the  most  difiS- 
cult  to  explain.  The  lunarians,  at  first  view, 
will  be  apt  to  imagine  that  the  earth  is  a 
quiescent  body  in  their  firmament,  because  it 
appears  in  the  same  point  of  the  sky,  and  that 
the  other  heavenly  orbs  revolve  around  it.  It 
will  require  numerous  observations  of  the 
apparent  motions  of  the  sun,  the  earth,  the 
planets,  and  the  stars,  and  numerous  trains 
of  reasoning  respecting  the  phenomena  they 
exhibit,  before  they  are  convinced  that  the 
globe  on  which  they  dwell  really  moves  round 
the  earth,  and  that  both  of  them  move,  in  a 
certain  period,  around  the  sun.  If  they  are 
endowed  with  no  higlier  powers  than  man,  or 
if  they  are  as  foolish  and  contumacious  as  the 
great  bulk  of  mankind,  it  will  be  more  difficult 
to  convince  them  of  the  true  system  of  the 
world  than  it  has  been  for  our  astronomers  to 
convince  a  certain  portion  of  our  community 
that  the  earth  turns  round  its  axis,  and  per- 
forms a  revolution  round  the  sun.  They  will 
naturally  think,  as  we  did  formerly,  that  their 
habitation  is  in  a  quiescent  state  in  the  centre 
of  the  universe,  and  that  all  the  other  bodies  in 
the  heavens,  except  the  earth,  revolve  around 
it;  and  the  singular  phenomena  which  our 
globe  exhibits  in  their  sky,  with  its  diversified 
aspect,  its  diurnal  rotation,  and  occasional 
vibrations,  will  puzzle  them  not  a  little  in 
attempting  to  find  out  a  proper  explanation 
It  will  be  somewhat  difficult  for  them  to  ascer- 
tain the  exact  length  of  their  year,  or  the  time 
of  their  revolution  roun<l  the  sun.  There  are 
only  two  ways  by  which  we  can  conceive  they 
will  be  enabled  to  determine  this  point :  1. 
By  observing  when  either  of  the  poles  of  tha 
earth  begins  to  be  enlightened  and  the  other 
pole  to  disappear,  which  is  always  at  the  timfl 
of  our  equinoxes.  2.  By  observing  the  course 
of  the  sun  among  the  stars,  and  endeavouring 
to  ascertain  when  he  returns  to  the  same  rela 
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tive  position  in  reference  to  any  of  these  orbs. 
The  length  of  the  lunar  year  is  about  the  same 
as  ours,  but  different  as  to  the  number  of  days, 
the  lunarians  having  only  12  7-19  days  in  their 
year,  every  day  and  night  being  as  long  as  29^ 
of  ours.  On  the  other  hand,  the  lunar  astrono- 
mers will  enjoy  some  advantages  in  making 
celestial  observations  which  we  do  not  possess. 
Those  who  live  on  the  side  next  the  earth 
will  be  enabled  to  determine  the  longitude  of 
places  on  the  lunar  surface  with  as  much  ease 
as  we  find  the  latitude  of  places  on  our  globe. 
For  as  the  earth  keeps  constantly  over  one 
meridian  of  the  moon  (or  very  nearly  so,)  the 
east  and  west  distances  of  places  from  that 
meridian  may  be  readily  found,  by  taking  the 
altitude  of  the  earth  above  the  horizon,  or  its 
distance  from  the  zenith,  on  the  same  principle 
as  we  obtain  the  latitude  of  a  place  by  taking 
the  altitude  of  the  pole-star,  or  the  height  of 
the  equator  above  the  horizon.  The  lunar 
astronomers  will  likewise  possess  advantages 
superior  to  ours  in  the  purity  of  their  atmo- 
sphere, and  the  greater  degree  of  brilliancy 
with  which  the  heavenly  bodies  will  appear ; 
and,  in  particular,  they  enjoy  a  singular  ad- 
vantage above  a  terrestrial  astronomer  in  the 
length  of  their  nights,  which  gives  them  an 
opportunity  of  contemplating  the  heavenly 
bodies,  particularly  Mercury  and  Venus,  and 
tracing  their  motions  and  aspects  for  a  length 
of  time  without  intermission. 

Such  are  some  of  the  pecuHar  phenomena 
of  the  heavens  as  beheld  from  the  moon. 
However  different  these  phenomena  may  ap- 
pear from  those  which  are  beheld  in  our  ter- 
restrial firmament,  they  are  all  owing  to  the 
following  circumstances ;  that  the  moon  moves 
round  the  earth  as  the  more  immediate  centre 
of  its  motion ;  that  it  turns  always  the  same 
side  to  the  earth,  and,  consequently,  it  moves 
round  its  axis  in  the  same  time  in  which  it 
moves  round  the  earth.  These  slight  differ- 
ences in  the  motions  and  relative  positions  of 
the  earth  and  moon  are  the  principal  causes 
of  all  the  peculiar  aspects  of  the  lunar  firma- 
ment which  we  have  now  described.  And 
this  consideration  shows  us  how  the  Creator 
may,  by  the  slighest  changes  in  the  positions 
and  arrangements  of  the  celestial  orbs,  pro- 
duce an  indefinite  variety  of  scenery  through- 
out the  universe,  so  that  no  world  or  system 
of  worlds  shall  present  the  same  scenery  and 
phenomena  as  another.  And  so  far  as  our 
knowledge  and  observation  extends,  this  ap- 
pears to  be  one  of  the  grand  principles  of  the 
Divine  arrangements  throughout  the  system 
of  Creation,  which  will  be  still  more  apparent 
from  the  sketches  I  am  now  about  to  give  of 
the  phenomena  presented  from  the  surfaces  of 
the  satellites  connected  with  the  other  planets. 

Thfi  Scenery  of  the  Heavens  from  the  Sa- 
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tellites  of  Jupiter. — The  scenery  of  the  firma- 
ment as  beheld  from  the  sateUites  of  ilm 
planet  will  bear  a  certain  analogy  to  what  we 
have  now  described  in  relation  to  the  moon, 
but  it  will  be  much  more  diversified  and  re- 
splendent. The  most  striking  and  glorious 
object  in  the  firmament  of  the  Jirst  satellite  is 
the  planet  itself.  The  distance  of  this  satel- 
hte  from  the  centre  of  Jupiter  being  only  about 
three  diameters  of  that  body,  it  will  appear  in 
the  heavens  like  an  immense  globe,  above 
thirteen  hundred  times  larger  than  the  appa- 
rent size  of  our  moon,  and  will  occupy  a  con- 
siderable portion  of  the  celestial  hemisphere. 
To  those  who  live  in  the  middle  of  the  hemi- 
sphere of  this  satellite,  opposite  to  Jupiter, 
this  vast  globe  will  appear  in  the  zenith,  filling 
a  large  portion  of  the  sky  directly  above 
them,  equal  to  19  degrees  of  a  great  circle, 
so  that  nine  or  ten  of  such  bodies  would  reach 
from  one  side  of  the  heavens  to  another. 
To  those  in  other  situations  it  will  appear  at 
different  elevations  above  the  horizon,  accord- 
ing to  their  distances  from  the  central  parts 
of  that  hemisphere.  This  huge  globe,  in  the 
course  of  twenty-one  hours,  will  exhibit  a 
crescent,  a  half  moon,  a  gibbous  phase,  and  a 
full  enlightened  hemisphere,  so  that  its  appear- 
ance will  be  perpetually  changing.  When  it 
shines  with  a  full  face,  it  will  exhibit  a  most 
glorious  appearance:  it  will  reflect  an  im- 
mense quantity  of  light  upon  the  satelHte, 
and  all  the  varieties  on  its  surface  will  be 
beautifully  perceived.  In  the  daytime  it  will 
present  a  cloudy  appearance,  continually 
changing  its  form,  and  when  its  dark  side  is 
turned  to  the  satellite  it  will  probably  become 
invisible ;  but  it  will  never  be  altogether  in- 
visible beyond  two  or  three  hours  at  a  time, 
till  its  enlightened  crescent  again  begins  to  ap- 
pear. We  find  by  the  telescope  that  the  sur- 
face of  Jupiter  is  diversified  with  a  variety  of, 
belts,  which  frequently  change  their  appear- 
ance, and  sometimes  by  bright  and  dark  spots. 
Now  all  the  varieties  on  its  surface,  and  the 
changes  which  may  take  place  in  its  atmo- 
sphere, will  be  pretty  distinctly  seen  from  the 
surface  of  this  satellite ;  and  as  Jupiter  turns 
round  its  axis  in  the  space  of  less  than  ten 
hours,  every  hour  will  present  a  new  scene 
upon  its  surface.  This  expansive  and  varie- 
gated surface  of  Jupiter,  its  diurnal  rotation, 
and  its  rapid  change  of  phases,  will  therefore 
form  a  most  wonderful  and  interesting  spec- 
tacle to  the  inhabitants  of  this  satellite. 

The  three  other  satellites  will  likevv'ise  in- 
crease the  variety  and  the  lustre  of  its  firma- 
ment. The  second  satelhte,  in  its  course  round 
Jupiter,  will  frequently  come  within  160,000 
miles  of  the  first,  which  is  its  nearest  ap- 
proach to  it ;  at  Avhich  time  the  satellite  will 
appear  with  a  face  nearly  three  times  as  large 
2  T  2  LiB^:^ 
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as  our  moon.  At  otlicr  times  it  will  be  680,- 
000  miles  distant,  and  will  appear  more  than 
sixteen  times  smaller  than  in  the  former  posi- 
tion. At  the  time  when  Jupiter  presents  its 
dark  hemisphere  to  the  first  satellite,  if  the 
second  satellite  be  then  at  its  nearest  distance, 
or  in  opposition  to  the  sun,  it  will  shine  with 
a  full  enlightened  hemisphere  upon  the  first 
satellite.  At  other  times  it  will  assume  a 
half  moon,  a  crescent,  or  a  gibbous  phase  ; 
and  these  phases  will  not  only  bo  rapidly 
changing,  but  the  apparent  magnitude  of  the 
satellite  will  likewise  be  rapidly  increasing  or 
diminishing.  While  at  one  period  it  shines 
with  a  large  and  full-enlightened  face,  in  the 
course  of  two  or  three  of  our  days  it  will 
appear  as  a  slender  crescent,  and  more  than 
twelve  or  sixteen  times  less  in  apparent  dia- 
meter than  before.  The  third  and  fourth 
satellites  will  exhibit  phenomena  somewhat 
similar;  but  as  their  distance  is  greater  than 
that  of  the  second,  their  apparent  magnitudes 
will  be  smaller,  and  the  changes  of  their 
phases  will  be  less  frequent,  in  proportion 
to  the  slowness  of  their  motions  and  the 
length  of  the  periods  of  their  revolutions. 
The  eclipses  of  the  sun,  which  so  frequently 
happen  to  the  first  satellite  fi-om  the  inter- 
position of  the  body  of  Jupiter,  will  form 
very  interesting  and  impressive  phenomena. 
Every  forty-two  hours  this  satellite  suffers  a 
solar  eclipse  for  the  space  of  more  than  two 
hours ;  and  it  is  highly  probable  that  it  is 
chiefly  at  such  times  that  the  starry  firmament 
appears  in  all  its  splendour,  and  affords  its  in- 
habitants an  opportunity  of  tracing  the  mo- 
tions and  contemplating  the  phenomena  of 
the  distant  bodies  of  the  universe ;  for  at  other 
times  the  blaze  of  reflected  light  from  the 
body  of  Jupiter  and  from  the  other  satellites 
will,  in  all  probability,  prevent  the  greater 
part  of  the  fixed  stars  from  being  distinctly 
perceived;  so  that  these  eclipses,  instead  of 
being  an  evil  or  a  cause  of  annoyance  to  the 
inhabitants,  will  increase  their  enjoyment,  will 
add  to  the  variety  of  their  celestial  scenery, 
and  open  to  them  prospects  of  the  grandeur 
of  the  starry  firmament  and  the  distant  re- 
gions of  creation. 

What  has  been  now  stated  in  reference  to 
the  first  satellite  may  also  be  applied  in  gene- 
ral to  the  other  three  satellites,  with  this  dif- 
ference, that  Jupiter  will  appear  of  a  different 
apparent  magnitude  from  each  satellite ;  and 
the  motions,  magnitudes,  and  aspects  of  the 
other  satellites  will  likewise  be  somewhat  dif- 
ferent. In  each  satellite  the  great  globe  of 
Jupiter,  suspended  motionless  in  the  sky,  will 
be  the  most  conspicuous  object  in  the  hea- 
vens. To  the  second  satellite  this  globe  will 
appear  about  470  times  larger  than  our  moon ; 
to  the  third  180  times;  and  to  the  fourth 
<498) 


about  80  times  the  apparent  size  of  the  fuh 
moon.  But  each  satellite  will  have  certain 
other  phenomena  peculiar  to  itself,  which  it 
would  be  too  tedious  to  describe.  To  all  of 
them  the  occultations  of  the  other  satelliteg 
by  the  body  of  Jupiter ;  their  eclip«es  by  fall- 
ing into  its  shadow ;  the  varieties  on  its 
surface,  caused  by  its  diurnal  rotation ;  the 
shadows  of  the  satelhtes  passing  like  dark 
spots  across  its  disk;  the  transits  of  the  satel- 
lites themselves,  like  full  moons  crossing  the 
orb  of  Jupiter  ;  the  diversified  phenomena  of 
eclipses,  some  of  them  happening  when  the 
satellite  is  like  a  crescent  or  half  moon,  and 
some  of  them  when  it  appears  as  a  full  en- 
lightened hemisphere,  and  various  other  cir- 
cumstances, will  afford  an  indefinite  variety 
of  celestial  phenomena  ;  and  scarcely  a  single 
day  will  pass  in  which  some  of  these  pheno- 
mena are  not  observed.  The  length  of  the 
day  is  different  in  each  satellite.  In  the  first 
satellite,  the  length  of  the  day  and  night  is 
42  hours  27  minutes ;  in  the  second,  3  days, 
13  hours  ;  in  the  third,  7  days,  3^  hours ;  and 
in  the  fourth,  16  days,  16^  hours.  The  starry 
heavens  will  therefore  appear  to  make  a  revo- 
lution round  each  satellite  in  these  respective 
times.  The  other  satellites  will  also  appear 
to  make  a  diurnal  revolution,  but  in  periods 
of  time  somew^hat  different.  The  variety  of 
motions,  and  other  phenomena  to  which  we 
have  now  alluded,  and  particularly  the  rota- 
tion of  Jupiter  and  the  variation  of  its  phases, 
will  afford  various  accurate  measures  of  time 
to  all  the  satellites.  The  following  figure 
contains  a  rude  of  sketch  of  a  portion  of  the 
firmament  as  it  will  appear  from  one  of  th© 
satellites  of  Jupiter. 

Fig.  111. 


In  this  figure,  suppose  the  larger  circle  at 
the  top  to  represent  one  of  the  satellites  aa 
seen  in  the  firmament  of  the  fourth  satellite, 
and  suppose  it  appears  with  a  surface  twice 
the  size  of  our  moon  ;  Jupiter  would  require 
to  be  double  the  size  here  represented,  and 
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more  than  fifteen  times  larger  to  represent  its 
comparative  size  as  viewed  from  \he  first  satel- 
lite. The  larger  circle  represents  Jupiter  when 
exhibiting  a  gibljous  phase  to  the  satellite  ;  the 
three  other  figures  are  the  other  satellites  under 
difterent  phases. 

Celestial  Scenery  of  the  Satellites  of  Sa- 
turn.— What  has  been  stated  above  in  relation 
to  Jupiter's  satellites  will  apply,  in  part,  to 
those  of  Saturn.  But  the  satellites  of  this 
planet  have  likewise  celestial  scenery  peculiar 
to  themselves,  and  the  scenes  presented  to  one 
satellite  are,  in  some  respects,  different  from 
those  presented  to  all  the  rest.  One  of  the 
most  singular  phenomena  in  their  firmament 
is  the  diversified  appearance  of  the  body  of 
Saturn  and  that  of  its  rings,  which  will  be 
beheld  in  their  sky  under  a  great  variety  of 
aspects.  To  describe  all  the  variety  of  phe- 
nomena peculiar  to  each  satellite  connected 
with  Saturn  would  almost  require  a  separate 
treatise,  and  therefore  I  shall  state  only  two 
or  three  prominent  facts  in  relation  to  the  first 
and  seventh,  or  tlie  innermost  and  outermost 
satellites.  The  first  satellite,  being  only  80,000 
miles  distant  from  the  surface  of  Saturn,  and 
only  18,000  miles  from  the  outer  edge  of  the 
rings,  the  globe  of  Saturn  and  its  stupendous 
rings  must  present  a  very  august  and  striking 
appearance  in  its  nocturnal  firmament.  The 
hemisphere  of  Saturn  contains  an  area  more 
than  1300  times  larger  than  that  of  our  moon; 
consequently,  if  the  first  satellite  were  placed 
at  the  same  distance  from  Saturn  as  our  moon, 
the  surface  of  that  planet  would  appear,  from 
the  satellite,  1300  times  larger  than  the  moon 
does  to  us.  But  the  satellite  is  only  120,000 
miles  from  the  centre  of  Saturn,  or  half  the 
distance  of  the  moon  from  the  centre  of  the 
earth ;  therefore  Saturn  will  appear  four  times 
larger,  or  5200  times  greater,  as  seen  from 
this  satellite,  than  the  moori  when  viewed  from 
the  earth.  The  moon  occupies  only  the  1-90,- 
000  part  of  our  celestial  hemisphere,  but  the 
globe  of  Saturn  will  fill  the  one  seventeenth 
part  of  the  visible  firmament  of  its  first  satel- 
lite ;  and  if  we  take  the  extent  of  the  rings 
into  account,  they  will  occupy  a  space  two  or 
three  times  greater ;  so  that  the  planet  and  its 
rings  will  present  a  most  grand  and  magnifi- 
cent object  in  the  canopy  of  heaven,  of  which 
we  can  form  only  a  very  faint  conception.  It 
is  not  likely  that  more  than  one  half  of  the 
globe  of  Saturn  will  be  visible  from  this  satel- 
lite on  account  of  the  interposition  of  the  rings ; 
and  as  it  moves  in  an  orbit  which  is  nearly 
parallel  with  the  plane  of  the  rings,  the  sur- 
faces of  these  rings  will  be  seen  in  a  very 
oblique  direction ,- hut  s\\\\  they  will  exhibit  a 
very  resplendent  appearance.  When  the  edge 
of  the  exterior  ring  is  opposite  to  the  satellite, 
and  enlightened  by  the  sun,  it  will  present  a 


large  arch  of  light  in  the  heavens  on  each  side 
of  the  planet,  above  which  will  appear  half 
the  hemisphere  of  Saturn.  If  the  satellite  turn 
round  its  axis  in  the  same  time  in  which  it 
revolves  round  the  planet,  as  is  probable, 
Saturn  and  its  rings  will  appear  stationary  in 
the  heavens,  and  the  planet  will  present  to 
the  inhabitants  of  the  satellite  a  variety  of 
phases,  such  as  a  half  moon  and  a  crescent, 
besides  the  variety  of  objects  which  will  ap- 
pear on  the  surface  of  Saturn  during  its  rotsi- 
tion  on  its  axis.  The  rings  will  likewise 
appear  to  vary  their  aspect  during  every  revo- 
lution, besides  the  variety  of  objects  they  will 
present  during  their  rotation.  At  one  time 
they  will  exhibit  large  and  broad  luminous 
arches ;  at  another  time  they  will  appear  as 
narrow  streaks  of  light ;  and  at  another  they 
will  appear  like  dark  belts  across  the  disk  of 
Saturn,  And  as  this  satellite  moves  round 
the  planet  in  the  course  of  twenty-two  and  a 
half  hours,  these  appearances  will  be  changmg 
almost  every  hour.  The  appearances  of  the 
six  other  satellites,  continually  varying  their 
phases,  their  apparent  magnitudes,  and  their 
relative  aspects ;  their  positions  in  respect  to 
the  body  of  Saturn  and  its  rings ;  their  occul- 
tations  by  the  interposition  both  of  the  rings 
and  the  planet,  and  the  eclipses  to  which  they 
are  frequently  subjected,  will  produce  a  diver- 
sity of  phenomena  and  a  grandeur  unexam- 
pled in  the  case  of  any  other  moving  bodies  in 
our  system.  The  second  satellite,  when  in 
opposition,  or  at  its  nearest  position  to  the 
first,  will  be  only  thirty  thousand  miles  dis- 
tant ;  and  although  its  real  size  is  not  greater 
than  our  moon,  it  will  present  a  surface  sixty- 
four  times  larger  than  the  full  moon  does  in 
our  sky.  It  will  appear  in  all  the  phases  of 
the  moon  in  the  course  of  less  than  thirty-six 
hours,  and  will  be  continually  changing  its 
apparent  magnitude,  on  account  of  its  re- 
moving further  from  or  nearer  to  the  first 
satellite.  The  third  satellite*  will  appear 
nearly  half  as  large,  as  it  is  only  seventy  thou- 
sand miles  distant  at  its  nearest  approach ;  and 
will  present  nearly  the  same  varieties  as  the 
other.  All  the  other  satellites  will  appear 
smaller  in  proportion  to  their  distance  from 
the  orbit  of  the  first ;  but  they  will  all  appear 
much  larger  than  our  moon,  except  the  seventh, 
or  outermost  satellite,  which  will  appear  con- 
siderably smaller.  Perhaps  the  sixth  satellite 
from  Saturn  will  not  appear  larger  than  out 
moon. 

The  seventh  or  outermost  satellite,  which 
is  reckoned  among  the  largest,  will  have  a 
scenery  in  its  sky  somewhat  different  from 
that  of  the  first.  As  us  orbit  is  maierially 
inclined  to  the  rings,  its  inhabitants  will  have 

*  Here  the  satellites  are  distinguished  according 
lo  the  order  of  their  distances  from  Sattirn. 
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a  more  ample  prospect  of  these  rings  and  of 
the  body  of  Saturn  than  several  of  the  other 
satellites,  although  these  objects  are  beheld  at 
a  greater  distance,  and,  consequently,  will  not 
fill  so  large  a  portion  of  its  sky.  Their  ap- 
pearance, however,  will  not  be  destitute,  of 
splendour ;  for  this  satellite  is  400  times  nearer 
Saturn  than  we  are,  and  the  body  of  this 
planet  will  appear  sixteen  times  larger  than 
the  moon  to  us,  and  its  rings  will  occupy  a 
space  pro  portion  ably  more  expansive.  The 
phases  of  Saturn  and  its  rings,  and  the  various 
changes  of  aspect  which  they  assume,  will  be 
more  distinctly  perceptible,  though  on  a  smaller 
scale,  than  from  some  of  the  interior  sateUites ; 
for  the  whole  body  of  the  planet,  as  well  as 
the  rings,  will  in  most  cases  appear  full  in 
view.  The  other  six  satellites  will  be  seen  in 
all  the  dilTerent  phases  and  aspects  above  de- 
scribed, and  they  y/ill  never  appear  to  recede 
to  any  great  distance  from  the  body  of  Saturn ; 
but  will  appear  first  on  one  side  and  then  on 
another,  and  sometimes  either  above  or  below 
the  planet,  as  Mercury  and  Venus  appear  to 
us  in  re-pect  to  the  sun,  and,  consequently, 
that  portion  of  the  heavens  in  which  Saturn 
appears  will  present  a  most  splendid  appear- 
ance. In  this  respect  the  relative  positions 
of  the  satellites,  as  seen  from  the  outermost, 
will  be  different  from  their  aspects  and  posi- 
tions as  viewed  from  the  innermost  satellite, 
where  they  will  sometimes  appear  in  regions 
of  the  sky  directly  opposite  to  Saturn.  All 
the  other  satellites  of  this  planet  will  have 
phenomena  peculiar  to  ihemselves  in  their 
respective  firmaments,  and  in  all  of  them 
these  phenomena  will  be  exhibited  on  a  scale 
of  grandeur  and  magnificence.  But  to  enter 
into  details  in  reference  to  each  satellite  might 
prove  tedious  to  the  general  reader. 

Let  us,  then,  conceive  a  firmament  in  which 
is  suspended  a  globe  five  thousand  times  larger 
than  the  apparent  size  of  our  moon ;  let  us 
conceive  luminous  arches,  still  more  expan- 
sive, surrounding  this  globe;  let  us  conceive 
six  moons  of  different  apparent  magnitudes, 
some  of  them  sixty  times  larger  in  apparent 
size  than  ours ;  let  us  conceive,  further,  all 
these  magnificent  bodies  sometimes  appearing 
in  one  part  of  the  heavens  and  sometimes  in 
another,  changing  their  phases  and  apparent 
magnitudes  and  distances  from  each  other 
every  hour ;  appearing  sometimes  like  a  large 
crescent,  sometimes  like  a  small,  sometimes 
shining  with  a  full  enlightened  face,  and 
sometimes  suffering  a  total  eclipse  ;  sometimes 
hidden  behind  the  large  body  of  the  planet, 
and  sometimes  crossing  its  disk  with  a  rapid 
motion,  like  a  circular  shadow;  let  us  suppose 
these  and  many  other  diversified  phenomena 
presenting  themselves  with  unceasing  variety 
in  the  canopy  of  heaven,  and  we  shall  have 
(500/ 


some  faint  idea  of  the  grandeur  of  the  firmd»> 
ment  as  seen  from  some  of  the  satellites  of 
Saturn. 

No  delineations,  except  on  a  very  large 
scale,  could  convey  any  tolerable  idea  of  the 
objects  now  described.     Fig.  112  exhibits  a 

Fig.  U2. 


rude  idea  of  the  firmament  as  viewed  from  the 
first  or  second  satellite  of  Saturn  ;  but  the  body 
of  Saturn  and  the  ring  should  be  eight  or  itn 
times  larger  in  proportion  to  the  size  of  the 
moons  or  satellites  here  represented.  As  the 
orbits  of  the  inner  satellites  are  nearly  on  the 
same  plane  as  the  rings,  they  will  appear  in 
an  oblique  position,  and  it  is  questionable 
whether  the  division  between  the  rings  will 
be  distinctly  visible.  The  opposite  part  of  the 
ring,  or  that  which  is  most  distant  from  the 
satellite,  will  appear  smaller  than  the  side 
which  is  nearest  it ;  and  only  one  half  of  the 
body  of  Saturn  will  be  seen,  the  other  half 
being  hidden,  either  in  whole  or  in  part,  by 
the  ring. 

Fig,  113  represents  the  firmament  of  the 


Fig.  11.3. 


seventh  or  outermost  satellite.  As  its  orbit  is 
considerably  inclined  to  the  plane  of  the  ring, 
the  whole  body  of  the  planet  will  frequently 
be  seen  within  the  rings,  which  will  appear  as 
ovals  around  it.  The  six  other  satellites  will 
appear  in  the  vicinity  of  Saturn  and  its  rings, 
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none  of  them  ever  Temoving  to  any  considera- 
ble distance  from  the  edge  of  the  rings,  and 
some  of  them  may  occasionally  be  seen  moving 
in  the  open  space  between  the  planet  and  the 
rings.  In  this  figure  Saturn  and  the  rings 
should  be  considerably  larger  in  proportion  to 
the  moons  than  they  are  here  represented. 

Celestial  Scenery  as  viewed  from  the  Rtxgs 
of  <Sa?«rw.— Supposing  the  rings  to  be  in- 
habited, which  there  is  as  much  reason  to  be- 
lieve that  the  planet  itself  is  a  habitable  globe, 
it  is  probable  that  there  is  a  greater  diversity 
of  celestial  scenery  and  of  sublime  objects  pre- 
sented to  view  than  any  we  have  yet  described. 
There  will  be  at  least  six  varieties  of  celestial 
scenery,  according  as  the  spectator  is  placed 
on  different  parts  of  the  rings.  One  variety  of 
scene  will  be  exhibited  from  the  exterior  edge 
of  the  outer  ring ;  a  second  variety  from  the 
interior  edge  of  the  inner  ring ;  a  third  variety 
from  the  interior  edge  of  the  outer  ring ;  a 
fourth  from  the  exterior  edge  of  the  inner  ring ; 
a  fifth  from  the  sides  of  the  rings  enlightened 
by  the  sun ;  and  a  sixth  variety  from  the  op- 
posite sides,  which  are  turned  away  from  the 
sun,  and  enjoy,  for  a  time,  only  the  reflected 
light  from  the  satelHtes.  To  describe  all  these 
varieties  in  a  minute  detail  would  be  tedious, 
and  at  the  same  time  unsatisfactory,  without 
the  aid  of  diagrams  and  figures  on  a  very  en- 
larged scale,  and  therefore  I  shall  chiefly  con- 
fine myself  to  a  general  description  of  one  of 
these  celestial  views. 

Those  who  live  on  the  sides  of  the  rings 
will  behold  the  one  half  of  the  hemisphere  of 
Saturn,  which  will .  fill,  perhaps,  the  one  fifth 
or  the  one  sixth  part  of  their  celestial  hemi- 
sphere, while  the  other  portions  of  the  planet 
will  be  hidden  by  the  interposition  of  the  rings. 
Those  who  are  near  the  inner  edge  of  the  in- 
terior ring  are  only  thirty  thousand  miles  from 
the  surface  of  Saturn,  and  consequently  all  the 
varieties  upon  its  surface  will  be  distinctly  per- 
ceived. Those  near  the  outer  edge  of  the  ex- 
terior ring  are  about  sixty  thousand  miles  dis- 
tant from  the  planet,  w^hich  will  consequently 
appear  to  them  four  times  less  in  size  than  to 
the  former ;  but  being  only  eighteen  thousand 
miles  from  the  first  satellite  at  the  time  of  its 
opposition  to  Saturn,  that  satellite  will  present 
an  object  more  than  three  hundred  and  fifty 
times  larger  than  our  moon,  which  will  rapidly 
assume  different  phases,  and  will  be  continu- 
ally varying  in  its  apparent  magnitude ;  and 
at  its  greatest  distance  beyond  the  opposite 
side  of  the  rings  it  will  appear  at  least  170 
times  less  than  when  in  the  nearest  point  of 
its  orbit;  and  all  the  intermediate  varieties  of 
magnitude  and  aspect  will  be  accomplished 
within  less  than  two  days.  So  that  this  satel- 
lite will  be  continually  changing  its  apparent 
eize,  from  an  object  two  or  three  times  the  ap- 


parent bulk  of  our  moon  to  one  350  times 
greater.  The  same  may  be  affirmed  in  re- 
spect to  the  other  six  satellites,  with  this  ex- 
ception, that  they  will  appear  of  a  smaller 
magnitude,  and  the  periodic  times  of  their 
phases  and  the  changes  in  apparent  magnitude 
will  be  different. 

Another  object  which  will  diversify  the 
firmament  of  those  who  are  on  one  of  tlie 
sides  of  the  rings  is  the  opposite  po>*tions  of 
the  rings  themselves.  These  will  appear  pro- 
ceeding from  each  side  of  the  planet  like  large 
broad  arches  of  light,  each  of  them  somewhat 
less  than  a  quadrant,  and  will  fill  a  very  large 
portion  of  the  sky,  so  that  the  inhabitants  of 
the  same  world  will  behold  a  portion  of  their 
ovv^n  habitation  forming  a  conspicuous  part  of 
their  celestial  canopy,  and,  at  first  view^,  may 
imagine  that  it  forms  a  celestial  object  with 
which  they  have  no  immediate  connexion. 
Were  they  to  travel  to  the  opposite  part  of 
the  ring,  they  would  see  the  habitation  they 
had  left  suspended  in  the  firmament,  without 
being  aware  that  the  spot  which  they  left 
forms  a  portion  of  the  phenomenon  they  be- 
hold. As  the  rings  revolve  round  the  planet, 
and  the  planet  revolves  round  its  axis,  the  dif- 
ferent parts  of  the  surface  of  the  planet  will 
present  a  different  aspect,  and  its  variety  of 
scenery  will  successively  be  presented  to  the 
view.  The  eclipses  of  the  sun  and  of  the  satel- 
lites, by  the  interposition  of  the  body  of  Saturn 
and  of  the  opposite  sides  of  the  rings,  will 
produce  a  variety  of  striking  phenomena, 
which  will  be  diversified  almost  every  hour. 

From  the  dark  side  of  the  rings,  which  are 
turned  away  fi-om  the  sun  for  fifteen  years,  a 
great  variety  of  interesting  phenomena  will 
likewise  be  presented  ;  and,  during  this  period, 
the  aspect  of  the  firmament  will  in  all  proba- 
bility be  most  vivid  and  striking.  This  por- 
tion of  the  rings  will  not  be  in  absolute 
darkness  during  the  absence  of  the  sun,  for 
some  of  the  seven  satellites  will  always  be 
shining  upon  it ;  sometimes  three,  sometimes 
four,  and  sometimes  all  the  seven,  in  one 
bright  assemblage.  It  is  probable,  too,  that 
the  planet,  like  a  large  slender  crescent,  will 
occasionally  diffuse  a  mild  splendour ;  and,  in 
the  occasional  absence  of  these,  the  fixed 
stars  will  display  their  radiance  in  the  hea- 
vens, which  will  be  the  principal  opportunity 
afforded  for  studying  and  contemplating  these 
remote  luminaries.  Those  who  are  on  the 
outermost  ring  will  behold  the  other  ring,  and 
the  opposite  parts  of  their  own,  like  vast 
arches  in  the  heavens;  and  although  only 
2800  miles  intervene  between  the  two  rings, 
that  space  may  be  as  impassable  as  is  the 
space  which  intervenes  between  us  and  the 
moon. 

If  the  two  rings   have  a  rotation   round 
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Saturn  in  diiTerent  periods  of  time,  as  is  most 
probable,  it  will  add  a  considerable  variety  to 
the  scenery  exhibited  by  the  different  objects 
which  will  successively  appear  in  the  course 
of  the  rotation. 

The  numerous  splendid  objects  displayed  in 
the  heavens,  as  seen  from  these  rings,  would 
afford  a  grand  and  diversified  field  for  tele- 
scopic observations,  surpassing  in  variety  and 
publimity  whatever  is  displayed  in  any  other 

Fig.  114 


region  of  the  solar  system  ;  by  which  some  of 
the  objects  might  be  contemplated  as  if  they 
were  placed  within  the  distance  of  forty  or 
fifty  miles. 

The  preceding  figure  (114)  represents  a 
view  of  the  firmament  from  one  of  the  sides 
of  the  rings,  in  which  is  seen  half  of  the 
hemisphere  of  Saturn,  with  a  portion  of  the 
opposite  sides  of  the  rings  projecting,  as  it 
were,  from  each  side  of  the  planet,  the  central 
part  being  hidden  by  the  interposition  of  its 
body.  From  the  inner  edge  of  the  interior 
ring  the  whole  hemisphere  of  Saturn  will  be 
visible.  The  body  of  Saturn  and  the  rings 
should  be  at  least  twenty  times  larger  than 
here  represented,  so  as  to  be  proportionate  to 
the  apparent  size  of  the  satellites. 

Celestial  Scenery  from  the  Satellites  of 
Uranus. — After  what  we  have  stated  respect- 
ing the  satellites  of  Jupiter,  it  would  be  need- 
less to  enter  into  detail  respecting  the  celestial 
views  from  the  satellites  of  this  planet,  as  they 
will  bear  a  striking  analogy  to  those  of  the 
moons  of  Jupiter;  but  the  firmament  of  each 
satellite  of  Uranus  will  be  more  diversified  than 
that  of  any  of  the  satellites  of  Jupiter,  as  there 
are  six  satellites  connected  with  this  planet, 
and  probably  three  or  four  more  which  lie 
beyond  the  reach  of  our  telescopes.  From  its 
first  satellite  the  body  of  Uranus  will  appear 
nearly  three  hundred  times  larger  than  the 
apparent  size  of  the  moon  in  our  sky,  and, 
consequently,  will  appear  a  very  grand  and 
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magnificent  object  in  its  firmament,  while  the 
other  five  moons,  in  different  phases  and  posi- 
tions, wall  serve  both  to  illuminate  its  surface, 
and  to  diversify  the  scenery  of  the  heavens. 
To  the  second  satellite  Uranus  will  appear 
about  one  hundred  and  eighty  times  larger 
than  the  moon  to  us ;  and  to  the  other  satel- 
lites it  will  present  a  smaller  surface  in  pro- 
portion to  their  distance.  Each  satellite  will 
have  its  own  peculiarity  of  celestial  pheno- 
mena ;  but  after  what  we  have  already  stated 
in  the  preceding  descriptions,  it  would  be  in- 
expedient to  enter  into  details.  I  shall  there- 
fore conclude  these  descriptions  with  the  fol- 
lowing remarks : 

1.  In  the  preceding  descriptions,  the  appa- 
rent   magnitudes   of   Jupiter,    Saturn,    and 
Uranus,  as   seen  from  the  satellites,  and  the 
apparent  magnitudes  of  the  satellites  as  seen 
from  each  other,  are  only  approximations  to 
the  truth,  so  as  to  convey  a  general  idea  of  the 
scenes   displayed   in    their  respective   firma- 
ments ;  perfect  accuracy  being  of  no  import- 
ance in  such  descriptions.     2.  The  variety  of 
celestial  phenomena  in  the  firmaments  of  these 
bodies  is  much    greater   than  we   have    de- 
scribed.    Were  we  to  enter  into  minute  de- 
tails in  relation  to  such  phenomena,  it  would 
require  a  volume  of  considerable  size  to  con- 
tain   the  descriptions ;   for  in   the   system  ol 
Saturn  itself  there  is  more  variety   of  phe- 
nomena  than   in  all  the  other  parts   of  the 
planetary   system.     3.    Machinery   would  be 
requisite  in  order  to  convey  clear  ideas  of 
some  of  the  views  alluded  to  in  the  preceding 
descriptions,  particularly  in   relation    to  the 
rings  and  satellites  of  Saturn,  in  which  the 
proportional  distances  and  magnitudes  of  the 
respective  bodies  would  require  to  be  accu- 
rately represented.     An   instrument  of   con- 
siderable size  and  complication  of  machinery 
would  be  requisite  for  exhibiting  all  the  phe- 
nomena connected  with  Saturn ;  and  one  of 
the  principal  difficulties  would  be  to  produce 
a  diurnal  rotation  of  the  rings  round  Saturn, 
while  at  the  same  time  they  had  no  immediate 
connexion  with  it,  and  while  their  thickness 
was  no  greater  in  proportion  to  thoir  breadth 
than  what  is  found  in  nature,  which  is  only 
about  the  one  three  hundredth  part  of  the 
breadth  of  the  two  rings,  including  the  empty 
space   between   them.     4.    The   diversity    of 
celesti"'  ooenery  to  which  we  have  alluded  is 
an  evidence  of  the  infinite  variety  which  ex- 
ists throughout  the  universe,  and  shows  us  by 
what  apparently  simple  means  this  variety  is 
produced.     We  are  thus  led  to  conclude,  that 
among  all  the  systems  and  worlds  dispersed 
throughout  boundless  space,  there  is  no  one 
department   of    creation    exactly   resembling 
another.     This  is  likewise  exemplified  in  the 
boundless  variety  exhibited  in  our  world,  i^ 
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the  Riiimal,  vegetable,  and  mineral  kingdoms. 
5.  The  alternations  of  light  and  darkness,  and 
ibji  frequent  eclipses  of  the  celestial  lumina- 
ries which  happen  among  the  bodies  connected 
with  Jupiter,  Saturn,  and  Uranus,  so  far  from 
being  inconveniences  and  evils,  may  be  con- 
sidered as  blessings  and  enjoyments;  for  it  is 
only  or  chiefly  when  their  inhabitants  are  de- 
prived of  the  direct  light  of  the  sun,  or  its  re- 
flection from  the  satellites,  that  the  starry 
heavens  will  appear  in  all  their  glory ;  and  as 
the  interval  in  which  they  are  thus  deprived 
4)f  light  is  short,  and  as  it  adds  to  the  variety 
of  the  celestial  scene,  it  must  be  productive  of 
pleasure  and  enjoyment.  6.  The  same  pla- 
nets will  be  seen  in  the  firmaments  of  the 
satellites  as  in  those  of  their  primaries;  but 
they  will  be  seldom  visible  on  account  of  the 
large  portion  of  reflected  light  which  will  be 
dilTused  throughout  their  sky,  except  in  those 
cases  when  their  nocturnal  luminaries  sufler 
an  occultation  or  a  total  eclipse.  The  bodies 
more  immediately  connected  with  their  own 
system  will  form  the  chief  objects  of  their  at- 


tention and  contemplation,  and  will  appear 
more  interestirjg  and  magnificent  than  any 
phenomena  connected  with  more  distant 
worlds.  7.  On  all  the  satellites,  and  particu* 
larly  on  the  rings  of  Saturn,  it  will  be  more 
difficult  to  ascertain  the  true  system  of  the 
universe  than  in  any  other  point  of  the  solar 
system.  I  have  already  alluded  to  the  diffi- 
culty of  determining  the  true  system  of  the 
world  as  observed  from  the  moon ;  but  it  vsill 
be  still  more  difficult  in  the  case  of  observers 
placed  on  the  rings  or  satellites  of  Saturn. 
The  numerous  bodies  which  are  seen  every 
hour  shifting  their  aspects  and  positions,  the 
apparent  complication  of  motions  which  they 
will  exhibit,  their  phases,  eclipses,  and  rapid 
diminution  of  apparent  size,  combined  wiih 
the  apparent  diurnal  revolution  of  the  heavens 
and  of  all  the  bodies  in  their  firmament,  will 
require  numerous  and  accurate  observations, 
and  powers  of  intellect  superior  to  those  of 
man,  in  order  to  determine  with  precision 
their  place  in  the  solar  system  and  the  true 
theory  of  the  universe. 


CHAPTER  IX. 

071  the  Doctrine  of  a  plurality  of  Worlds^  with  an  Illustration  of  some  of  the 
jirgumenls  by  which  it  may  be  supported. 


lis  the  preceding  descriptions  of  the  facts 
connected  with  the  bodies  which  compose  the 
planetary  system,  and  of  the  celestial  scenery 
displayed  in  their  respective  firmaments,  I 
have  assumed  the  position  that  they  are  all 
peopled  with  intellectual  beings.  This  is  a 
conclusion  to  which  the  mind  is  almost  neces- 
sarily led,  when  once  it  admits  the  facts  which 
have  been  ascertained  by  modern  astronomers. 
It  requires,  however,  a  minute  knowledge  of 
the  whole  scenery  and  circumstances  con- 
nected with  the  planetary  system  before  this 
truth  comes  home  to  the  understanding  with 
full  conviction.  As  in  the  preceding  pages  I 
have  stated,  with  some  degree  of  n  inuteness, 
the  prominent  facts  connected  with  all  the 
bodies  of  the  solar  system  (except  comets,) 
so  f'dx  as  they  are  yet  known,  the  way  is  now 
prepared  for  bringing  forward  a  few  arguments 
founded  on  these  facts,  which  will  require  less 
extensive  illustrations  than  if  I  had  attempted 
to  discuss  this  topic  without  the  previous  de- 
scriptions. It  may  be  proper,  however,  to 
state,  that  in  this  volume  I  propose  to  bring 
forward  only  a  few  of  those  arguments  or  con- 
siderations by  which  the  position  announced 
above  may  be  corroborated  and  supported, 
leaving  the  discussion  of  the  remaining  argu- 
ments to  another  volume,  in  which  the  other 
portions  of  the  scenery  of  the  heavens  will  be 


described.  This  is  rendered  almost  indispen- 
sable on  account  of  the  size  to  which  the 
present  volume  has  already  swelled. 


Sectiok  I. 

The  first  argument  I  shall  adduce  in  sup- 
port of  the  doctrine  of  a  plurality  of  worlds  is, 
that  there  are  bodies  in  the  planetary  system 
of  such  MAGN^iTUBEs  tts  to  offord  ample  scope 
for  the  abodes  of  myriads  of  inhabitants. 

This  position  has  been  amply  illustrated  in 
the  preceding  parts  of  this  volume,  particu- 
larly in  chapter  iii.  From  the  statements 
contained  in  chapter  vi.,  it  appears  that  the 
whole  planetary  bodies,  exclusive  of  the  sun, 
comprehend  an  area  of  more  than  seventy- 
eight  thousand  millions  of  square  miies, 
which  is  three  hundred  and  ninety-seven 
times  the  area  of  our  globe ;  so  that  the  sur- 
faces of  all  the  planets  and  their  satellites  are 
equal,  in  point  of  space,  to  397  worlds  such 
as  ours.  But  as  the  greater  part  of  our  globe 
is  covered  with  water,  and,  consequently,  is 
unfit  for  the  permanent  residence  of  rational 
beings,  and  as  we  have  no  reason  to  believe 
that  the  other  planets  have  such  a  proportion 
of  water  on  their  surface,  if  we  compare  the 
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habitable  parts  of  the  earth  with  the  extent 
of  surface  on  the  planets,  we  shall  find  that 
they  contain  one  th/jusand  Jive  hundred  and 
ninety-Jive  times  the  area  of  all  that  portion 
of  our  globe  which  can  be  inhabited  by  human 
beings.  If  we  take  into  consideration  the 
solid  contents  of  these  globes,  we  find  that 
they  are  more  than  two  thousand  four  hun- 
dred and  eighty  times  the  bulk  of  our  globe ; 
and  the  number  of  inhabitants  they  would 
contain,  at  the  rate  of  England's  population, 
k  no  less  than  21,895,000^000,000,  or  nearly 
twenty-tyjo  billions,  which  is  more  than 
twenty-seven  thousand  times  the  present  po- 
pulation of  our  globe.  In  other  words,  the 
extent  of  surface  on  all  the  planets,  their  rings 
and  satellites,  in  respect  of  space  for  popula- 
tion, is  equivalent  to  27,000  worlds  such  as 
ours  in  its  present  state. 

Now,  can  we  for  a  moment  imagine  that 
the  vastextent  of  surface  on  such  magnificent 
globes  is  a  scene  of  barrenness  and  desolation  ; 
where  eternal  silence  and  solitude  have  pre- 
vailed, and  will  for  ever  prevail;  where  no 
sound  is  heard  throughout  all  their  expansive 
regions;  where  nothing  appears  but  intermi- 
nable desarts,  diversified  with  frightful  preci- 
pices and  gloomy  caverns  ;  where  no  vegetable 
or  mineral  beauties  adorn  the  landscape  ;  where 
no  trace  of  rational  intelhgences  is  to  be  found 
throughout  all  their  wastes  and  wilds;  and 
where  no  thanksgivings,  nor  melody,  nor  grate- 
ful adorations  ascend  to  the  Ruler  of  the  skies  1 
To  suppose  that  such  is  the  state  of  these  ca- 
pacious globes  would  exhibit  a  most  gloomy 
and  distorted  view  of  the  character  and  attri- 
butes of  the  Creator.  It  would  represent  him 
as  exerting  his  creating  power  to  no  purpose  ; 
and  as  acting  in  a  different,  and  even  in  an 
opposite  character,  in  different  parts  of  his 
dominions  ;  as  displaying  wisdom  in  one  part 
of  his  creation,  and  an  opposite  attribute  in 
another.  For,  so  far  as  we  are  able  to  pene- 
trate, it  appears  demonstrable  that  matter  exists 
chiefly,  if  not  solely,  for  the  sake  of  sensitive 
and  intellectual  beings;  either  to  serve  the 
purpose  of  gratifying  the  senses,  or  of  afford- 
ing a  medium  of  thought  to  the  mental  faculty, 
or  of  exhibiting  to  the  mind  a  sensible  display 
of  the  existence  and  perfections  of  the  supreme 
Intelhgence.  And  if  it  serve  such  purposes 
in  this  part  of  the  creation  which  we  occupy, 
reason  says  that  it  must  serve  similar  purposes 
in  other  regions  of  the  universe.  How  incon- 
gruous would  it  be  to  maintain  that  matter 
serves  such  purposes  in  our  terrestrial  sphere, 
and  nowhere  else  throughout  the  range  of  the 
planetary  system  ?  In  other  words,  that  it  is 
useful  to  sensitive  existences  within  the  com- 
pass of  the  one  four  hundredth  part  of  that 
ffystem,  but  serves  no  useful  or  rational  pur- 
pose in  the  other  three  hundred  and  ninety- 
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nine  parts ;  for  the  area  of  the  earth,  as  abo%-8 
stated,  is  only  about  the  one  four  hundredth 
part  of  the  area  of  all  the  other  planets.  Such 
a  conclusion  can  never  be  admitted  in  consis' 
tency  with  those  perfections  which  both  natu- 
ral and  revealed  religion  attribute  to  the  Deity. 
If  matter  was  not  created  merely  for  itself,  but 
for  the  enjoyment  of  a  superior  nature,  then 
it  necessarily  follows,  that  wherever  matter 
exists,  that  nobler  nature,  whether  sensitive 
or  intellectual,  for  whose  sake  it  was  created, 
must  likewise  exist  throughout  some  portions 
of  its  extent.  To  replenish  one  comparatively 
little  globe  with  sensitive  and  rational  inhabit- 
ants, and  to  leave  several  hundreds  empty, 
desolate^  and  useless,  is  the  perfect  reverse  of 
art  and  contrivance,  and  altogether  incompati- 
ble  with  the  conceptions  we  ought  to  form  of 
Him  who  is  "  the  only  wise  God,"  and  who 
is  declared  to  have  displayed  himself,  in  all 
his  operations,  as  "wonderful  in  counsel  and 
excellent  in  working." 

In  accordance  with  this  sentiment,  we  find 
the  inspired  writers,  when  speaking  in  the 
name  of  Jehovah,  admitting  the  vaUdity  of 
such  reasoning.  "Thus  saith  Jehovah  that 
created  the  heavens ;  God  himself  that  formed 
the  earth  and  made  it :  he  hath  established  it ; 

HE    CREATED    IT    NOT    IN  VAIN  ;    HL^  FORMED 

IT  TO  BE  INHABITED.  I  am  Jchovah,  and 
there  is  none  else."*  Here  it  is  plainly  and 
pointedly  declared,  that  to  create  the  earth 
without  the  design  of  its  being  inhabited  would 
have  been  a  piece  of  folly  inconsistent  with 
the  perfections  of  Him  whose  intelligence  and 
wisdom  are  displayed  throughout  all  his  works 
To  have  left  it  empty  and  useless  would  have 
been  "  to  create  it  in  vain."  It  would  neither 
have  contributed  to  the  enjoyment  of  intellec- 
tual beings,  nor  served  as  a  manifestation  of 
the  intelligence,  wisdom,  and  beneficence  of 
its  Creator.  This  passage  likevv^ise  intimates 
that  it  is  the  ultimate  design  of  Jehovah  tha 
this  world  shall,  ere  long,  be  fully  peopled 
with  inhabitants,  and  that  its  forests  and  deso- 
late wastes  shall,  in  future  ages,  be  transformed 
into  scenes  of  beauty  and  fertility,  fitted  for 
being  the  abodes  of  renovated  moral  agents  at 
that  period  when  "  the  knowledge  of  the  Lord 
shall  cover  the  earth  ;"  and  this  extension  of 
population  and  of  cultivation  is  evidently  going 
forward  with  rapid  progress  at  the  present 
time  in  different  quarters  of  the  globe.  In 
connexion  with  this  declaration  respecting  the 
earth,  it  is  also  declared,  that  the  same  Al- 
mighty Being  that  arranged  the  earth  for  the 
purpose  of  replenishing  it  with  inhabitants, 
likewise  ^^ created  the  heavens;''''  plainly  inti- 
mating, that  as  both  the  fabrics  were  erected 
by  the  same  all-wise  and  omnipotent  intelli- 
gence, the  same  wisdom  is  displayed  in  botli, 
*  Isaiah  xlv.  18 
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and  that  the  same  grand  and  beneficent  designs 
ai'e  accomplished  in  the  globes  which  roll  in 
the  heavens  as  well  as  in  the  constitution  of 
the  earth  in  which  we  dwell.  If  the  one  was 
created  for  use,  for  the  enjoyment  of  rational 
natures,  and  as  a  theatre  on  wliich  the  Divine 
perfection  might  be  displayed,  so  was  the 
other.  It  is  added,  "  I  am  Jehovah,  and  there 
is  none  else ;"  implying  that  there  is  a  unify 
of  principle,  design,  and  operation,  in  all  his 
plans  and  arrangements  throughout  the  uni- 
verse, however  different  in  the  means  em- 
ployed, and  however  varied  the  effects  pro- 
duced in  different  parts  of  his  dominions. 

Some,  however,  may  be  disposed  to  insinu- 
ate that  the  Deity  may  have  designs  in  view, 
in  the  creation  of  matter,  of  which  we  are 
altogether  ignorant,  and  that  the  planets  and 
other  bodies  in  the  heavens  may  display  the 
Divine  glory  in  some  w^ay  or  another,  although 
they  be  not  peopled  with  inhabitants.  It  is 
readily  admitted  that  w^e  are  ignorant  of  many 
of  the  purposes  of  the  Deity,  of  the  details  of 
his  operations  in  the  distant  regions  of  crea- 
tion, and  of  many  of  the  plans  and  movements 
of  his  moral  government ;  and  that,  through 
an  eternal  lapse  of  ages,  we  shall  always  re- 
main in  ignorance  of  some  of  the  works  and 
ways  of  the  Almighty.  But  there  are  certain 
general  principles  and  views  with  which  the 
Deity  evidently  intends  that  all  his  rational 
creatures  should  be  acquainted.  It  was  evi- 
dently intended  that  the  visible  creation  should 
adumbrate,  as  it  were,  the  character  of  him 
who  produced  it ;  or  that  it  should  serve  as  a 
mirror,  in  which  his  existence,  and  some  of  his 
perfections  might  be  clearly  perceived.  But  if 
the  great  globes  of  the  universe  were  destitute 
of  inhabitants,  how  could  the  Divine  glory  be 
discovered  in  their  structure  1  How  could  a 
confused  mass  of  rubbish  and  desolation,  how- 
ever vast  aud  extensive,  display  the  intelli- 
gence, the  wisdom,  and  the  benevolence  of  its 
Maker  ]  It  might  indicate  a  power  surpassing 
our  comprehension,  but  it  would  display  no 
other  perfection  which  tends  to  excite  the 
admiration,  the  love,  and  the  adoration  of 
rational  beings.  Yet  we  are  informed  in  the 
scriptures  that  celestial  intelhgences  celebrate 
the  perfections  of  Jehovah,  "  because  he  hath 
created  all  things,"  and  because  they  perceive 
'^his  works"  to  be  "gkeat  and  marvel- 
lous." They  ascribe  to  him  "  wisdom,  and 
glory,  and  honour,  and  power,  and  thanks- 
giving," from  the  display  of  his  character 
which  they  perceive  in  his  works.  But  how 
could  they  ascribe  to  him  such  perfections,  if 
the  mightiest  of  his  works  were  a  scene  of 
barrenness  and  desolation  1  Wisdom  can  be 
attributed  only  where  there  appears  to  be  a 
proportionating  of  means  to  ends  ;  and  good- 
ness can  have  no  place  where  there  are  no 
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sensitive  or  rational  beings  to  enjoy  the  effects 
of  it.  It  is,  therefore,  a  mere  evasion  to  assert 
that  the  Divine  glory  may  be  manifested  in 
the  celestial  globes,  although  destitute  of  in- 
habitants. Every  })art  of  the  character  of  God, 
by  which  he  is  rendered  amiable  and  adorable 
in  the  eyes  of  his  intelligent  offspring,  would 
be  obscured  and  distorted  were  we  for  a  mo- 
ment to  harbour  such  a  sentiment.  For 
wherein  does  the  Divine  glory  consist  1  It 
chiefly  consists  in  the  display  of  infinite  wis- 
dom, rectitude,  holiness,  and  unbounded  bene- 
ficence; and  where  such  attributes  are  not 
manifested  there  cannot  be  said  to  be  a  display 
of  Divine  glory.  But  such  attributes  could 
never  be  traced  by  man,  or  by  any  other  ordei 
of  intelhgences,  were  the  planetary  bodies  and 
the  other  orbs  of  heaven  a  scene  of  eternal 
silence,  solitude,  and  waste ;  where  no  per- 
cipient being  existed  to  taste  the  goodness  or 
to  adore  the  prrfections  of  its  Creator. 


6!ection  II. 

Argument  II.  There  is  a  rexekal  simi- 
LAinTY  among  all  the  bodies  of  the  Planetary 
System,  which  tends  to  prove  that  they  are  in- 
tended to  subserve  the  same  ultimate  designs 
in  the  arrarigements  of  the  Creator. 

In  the  elucidation  of  this  argument  it  will 
be  requisite  that  a  variety  of  facts,  some  of 
which  have  been  noticed  in  the  preceding 
pages,  should  be  brought  under  review.  We 
are  not  to  imagine  that  the  planets,  considered 
as  habitable  worlds,  are  arranged  exactly  ac- 
cording to  the  model  of  our  terrestrial  habita- 
tion ;  for  the  Creator  has  introduced  an  infinite 
variety  in  every  department  of  his  works  ;  and 
we  know  from  observation  that  there  are  cer- 
tain arrangements  connected  with  those  bodies 
which  are  very  different  from  those  which  are 
found  in  connexion  with  our  globe.  But  i\t 
all  worlds  destined  for  the  habitation  of  intel- 
lectual nature  we  should  expect  to  find  some 
general  analogy  or  resemblance  in  their  pro- 
minent features,  and  in  those  things  which 
appear  essential  to  the  enjoyment  of  such 
beings.  Were  we  to  attend  the  dissection  of 
any  animal — a  dog,  for  example — and  per- 
ceive the  heart,  the  stomach,  the  liver,  the 
lungs,  the  veins,  arteries,  and  other  parts 
essential  to  hfe  and  enjoyment,  we  could 
scarcely  doubt  that  the  same  organs,  though 
perhaps  somew^hat  modified,  were  likewise  to 
be  found  in  a  cat,  a  bullock,  or  any  other 
quadruped,  and  that  they  served  the  same  pur- 
poses in  ail  these  animals.  In  like  manner, 
when  we  find  on  our  globe  certain  parts  and 
arrangements  essentially  requisite  to  its  being 
a  habitable  world,  and  when  we  likewise 
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observe  similar  contrivances  connected  Mrith 
other  distant  globes,  we  have  every  reason  to 
conclude  that  they  are  intended  to  subserve 
similar  designs.  In  accordance  with  this  prin- 
ciple, I  shall  now  proceed  to  detail  a  few 
contrivances  and  arrangements  in  the  other 
planets,  which  evidently  indicate  that  their 
grand  and  ultimate  design  is  to  afford  enjoy- 
ment to  sensitive  and  intellectual  natures. 

1.  All  the  planets,  both  primary  and 
secondary,  are  of  a  spherical  or  spheroidal 
figure  similar  to  that  of  the  earth.  I  have 
already  shown  (p.  132)  that  this  figure  is  the 
most  capacious  and  the  best  adapted  to  mo- 
tion, both  annual  and  diurnal,  and  that  the 
greatest  inconveniences  would  be  produced 
were  any  world  constructed  of  an  angular 
figure.  The  only  deviation  from  this  figure 
is  to  be  found  in  the  rings  of  Saturn.  But 
these  rings  are  not  angular  bodies;  for  even 
the  thin  exterior  edge  of  the  rings  is  supposed, 
from  some  minute  observations,  to  be  curved ; 
and,  if  so,  it  prevents  the  inconveniences  which 
would  arise  from  an  angular  construction.  The 
flat  sides  of  the  rings,  too,  appear  to  have  no 
angular  elevations  or  protuberances  more  than 
what  may  be  supposed  from  a  gently -waving 
surface  such  as  that  of  our  globe ;  and  although 
they  are  not  globular  bodies,  they  are  circular, 
with  thin  edges,  and  are  thus  calculated  iot 
rapid  motion  along  with  the  planet ;  and  the 
fiat  sides,  having  no  angular  projections, 
appear  perfectly  adapted  for  being  places  of 
habitation,  without  any  of  those  inconve- 
niences or  catastrophes  which  might  ensue 
had  they  approximated  to  a  cubical,  pris- 
matic, or  pentagonal  form.  The  rings,  in 
short,  approximate  nearer  to  the  globular 
figure  and  its  conveniences  than  any  other 
construction  could  have  done,  and  show  us 
that,  although  the  Creator  proceeds  in  his 
operations  on  some  grand  general  principles, 
yet  he  is  not  limited  or  confined  to  one  par- 
ticular figure  or  construction  in  arranging  the 
celestial  worlds.  The  planets,  then,  being  all 
of  a  globular  or  circular  form,  appear  com- 
pletely adapted  for  being  the  abodes  of  living 
beings. 

2.  The  planets  are  solid  hodies  similar  to 
the  earth.  They  are  not  merely  a  congeries 
of  clouds  and  vapours  formed  into  a  globular 
shape,  but  possessed  of  weight,  solidity,  or 
gravity.  This  is  evident  from  the  dark  and 
well-defined  shadows  which  they  throw  on 
other  bodies,  and  from  the  attractive  influence 
they  exert  throughout  the  system.  Their 
figure  is  a  proof  that  they  possess  such 
qual'ties;  for  their  roundness  proceeds  from 
an  equal  pressure  of  all  their  parts  tending 
towards  the  same  centre.  Nay,  astronomers, 
by  the  aid  of  observation  and  mathematical 
calculations,  can   tell  what  are  the  relative 
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gravities  or  weights  of  the  different  planets', 
what  proportion,  for  instance,  the  gTavitatioii 
in  Jupiter  or  Saturn  bears  to  that  of  our  earth, 
and  what  influence  their  attractive  power  pro- 
duces on  their  own  satellites,  on  the  motion 
of  comets,  and  on  the  smaller  and  inferior 
planets.  In  consequence  of  this  soUdity  and 
attractive  power,  all  things  connected  with 
their  surfaces  are  preserved  in  security  and 
prevented  from  flying  off  to  the  distant  regions 
of  space ;  for  it  is  this  power,  variously  modi- 
lied  and  directed,  that  preserves  the  material 
universe,  and  all  the  orders  of  beings  connected 
with  it,  in  compact  order  and  harmony,  with- 
out the  influence  of  which  all  things  in  heaven 
and  earth  would  soon  be  reduced  to  a  universal 
chaos.  In  this  respect,  then,  as  well  as  in  the 
former,  the  planets  are  fitted  for  the  support 
of  intellectual  beings,  furnished  with  material 
organs. 

3.  All  the  planets  have  an  annual  revolu- 
tion round  the  sun.  This  revolution,  in  the 
case  of  the  earth,  combined  with  the  inclina- 
tion of  its  axis  to  the  plane  of  its  orbit,  pro- 
duces the  variety  of  seasons ;  and  although  we 
are  not  to  suppose  that  all  the  planets  have 
seasons  similar  to  ours,  or  that  the  heats  of 
summer  and  the  cold  of  winter  are  experienced 
in  other  worlds  (see  pp.  55,  56,)  yet  there  is 
a  certain  variety  of  scene  produced  by  this 
revolution  in  all  the  planets,  particularly  in 
those  which  have  their  axes  of  rotation  in- 
clined more  or  less  to  the  plane  of  their  orbits. 
This  variety  of  scene  will  be  particularly  ex- 
perienced on  Saturn  and  on  the  surface  of  its 
rings ;  for  in  the  course  of  one  half  of  the 
annual  revolution  the  sun  wiU  shine  on  cer» 
tain  parts  of  these  bodies,  and  during  the 
other  half  they  will  be  deprived  of  his  direct 
influence.  The  annual  revolutions  of  the 
planets,  therefore,  appear  expedient,  in  order 
to  produce  an  agreeable  interchange  and 
variety  of  scene,  for  the  purpose  of  gratifying 
their  inhabitants.  The  periods  ©f  these  revo- 
lutions, too,  are  adjusted  with  the  utmost  ex- 
actness. The  planets  perform  their  circuits 
without  deviating  in  the  least  from  the  paths 
prescribed,  and  finish  their  revolutions  exactly 
in  the  appointed  time,  so  as  not  to  vary  the 
space  of  a  minute  in  the  course  of  centuries. 
'Now,  were  these  bodies  merely  extensive 
regions  of  uncultivated  desarts,  or  were  they 
placed  in  the  vault  of  heaven  merely  that  a 
few  terrestrial  astronomers  might  peep  at  them 
occasionally  through  their  glasses,  it  is  not  at 
all  likely  that  so  much  care  and  accuracy 
would  have  been  displayed  in  marking  out 
their  orbits  and  adjusting  their  motions  and 
revolutions. 

4.  The  planets  perform  a  diurnal  rotation 
round  their  axes.  This  has*  been  ascertained 
in  reference  to  Venus,   Mars,  Jupiter,   and 
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Saturn,  and  we  may  justly  conclude,  from 
analogy,  that  the  same  is  the  case  in  respect 
to  all  the  other  planets.  Wherever  spots 
have  been  discovered  on  the  surface  of  any 
planet,  it  has  uniformly  been  found  to  have  a 
diurnal  rotation.  But  where  no  spots  or  pro- 
minences have  been  observed,  it  is  obvious 
that  no  such  motion,  though  it  really  exist, 
can  be  detected.  No  spots  have  been  observed 
on  the  planet  Mercur};,  on  account  of  its  small- 
ness  and  its  proximity  to  the  sun ;  nor  on  the 
planet  Uranus,  on  account  of  its  very  great 
distance  from  the  earth  ;  but  there  can  be  no 
doubt  whatever  that  they  have  a  diurnal  mo- 
tion as  well  as  the  other  planets.  By  this 
motion  every  part  of  their  surface  is  turned 
in  succession  towards  the  sun,  and  the  alter- 
nate changes  of  day  and  night  are  produced. 
Were  no  such  motion  existing,  one  half  of 
these  globes  would  be  entirely  uninhabitable, 
for  the  enlivening  rays  of  the  sun  would  never 
cheer  its  desolate  legions,  and  the  other  half 
might  be  dazzled  or  parched  with  heat  under 
the  perpetual  effulgence  of  the  solar  beams. 
Besides,  the  continuance  of  a  perpetual  day, 
and  the  illumination  of  the  sky  by  an  unin- 
terrupted ejSlux  of  solar  light,  would  prevent 
the  distant  regions  of  creation  from  being  seen 
and  contemplated,  so  that  no  body,  except  the 
sun  himself,  and  the  planet  on  which  the 
spectator  stood,  would  be  known  to  exist  in 
the  universe.  But  it  appears  to  have  been 
the  intention  of  the  Creator  not  only  to  cheer 
the  planets  by  the  invigorating  influence  of 
the  sun,  but  likewise  to  open  to  the  view  of 
their  inhabitants  a  prospect  into  the  regions 
of  distant  worlds,  that  they  may  behold  a  dis- 
play of  his  wisdom  and  omnipotence,  and  of 
the  magnificence  of  his  empire ;  and  this 
object  has  been  completely  effected  in  every 
part  of  the  system  by  impressing  upon  the 
planets  a  motion  of  rotation,  so  that  there  is 
no  body  within  the  range  of  the  solar  influ- 
ence that  does  not,  at  one  period  or  another, 
enjoy  this  advantage. 

The  idea  of  night  among  the  celestial  bodies 
ought  not  to  be  associated  with  gloom,  and 
darkness,  and  deprivation  of  comforts.  In  our 
world  this  is  frequently  the  case.  A  cloudy 
atmosphere,  combined  with  the  fury  of  raging 
winds,  hurricanes,  and  the  appalling  thunder- 
storm, frequently  renders  our  nights  a  scene 
of  gloom  and  terror,  especially  to  the  benighted 
traveller  and  the  mariner  in  the  midst  of  the 
ocean.  But  such  gloomy  and  terrific  scenes 
would  never  have  taken  place  had  our  globe 
and  its  inhabitants  remained  in  that  state  of 
order  and  perfection  in  which  they  were  origi- 
nally cieated ;  and,  therefore,  we  are  to  con- 
sider such  physical  evils  as  connected  with 
the  moral  state  of  the  present  inhabitants  of 
#ip  e:^itk.     But  even  here,  amid  the  gloom 


and  darkness  which  frequently  surround  us, 
night  not  unfrequently  opens  to  view  a  Bcene 
of  incomparable  splendour  and  magnificence; 
a  scene  which,  were  it  confined  to  one  quarter 
of  the  globe,  millions  of  spectators  w^Ould  be 
eager  to  travel  thousands  of  miles  in  order  to 
behold  it.  In  a  clear  and  serene  sky,  night 
unfolds  to  us  the  firmament  bespangled  with 
thousands  of  stars,  twinkling  from  regions 
immensely  distant,  and  the  planets  revolving 
in  their  different  circuits,  all  apparently  moving 
around  us  in  silent  grandeur.  When  the  moon 
appears  amid  the  host  of  stars,  the  scene  is 
diversified  and  enlivened.  Poets  and  philoso- 
phers in  all  ages  have  been  charmed  and  cap- 
tivated with  the  mild  radiance  of  a  moonlight 
scene,  which  partly  unveils  even  the  distant 
landscape,  and  throws  a  soft  lustre  and  so- 
lemnity both  on  earth  and  sky  altogether 
different  from  their  aspect  under  the  meridian 
sun.  But  we  have  already  shown  (chapter 
viii.)  that  the  splendour  of  the  heavens  during 
night  in  some  of  the  other  planets  is  far  more 
magnificent  and  diversified  than  what  is  ex- 
hibited in  our  firmament.  The  nocturnal 
scenes  in  the  heavens  of  Jupiter,  Saturn, 
Uranus,  and  their  rings  and  satellites,  in  point 
of  sublimity  and  variety,  exceed  every  con- 
ception we  can  now  form  of  celestial  grandeur 
and  magnificence  ;  and,  therefore,  it  is  highly 
probable,  that  in  those  regions  the  scenes  of 
night  will  be  far  more  interesting  and  sublime, 
and  will  afford  objects  of  contemplation  more 
attractive  and  gratifying  than  all  the  splen- 
dours of  their  noonday.  In  this  rotation  of 
the  planetary  orbs  there  is  a  striking  display 
both  of  wisdom  and  goodness,  in  causing  a 
means  so  apparently  simple  to  be  productive 
of  so  rich  a  variety  of  sublime  and  beneficent 
effects ;  and  this  circumstance  of  itself  affords 
a  strong  presumptive  evidence  that  every 
globe  in  the  universe  which  has  such  a  rota- 
tion is  either  a  world  peopled  with  inhabit- 
ants, or  connected  with  a  system  of  habitable 
worlds ;  for,  without  such  a  motion,  the  one 
half  at  least,  of  every  globe  would  be  unfit  for 
the  residence  of  organized  intelligences.  It  is 
not  improbable  that  most,  if  not  all  the  globes 
of  the  universe  have  a  diurnal  rotation  im- 
pressed upon  them.  We  find  that  even  the 
globe  of  the  sun  has  a  motion  of  this  kind, 
which  it  performs  in  the  course  of  twenty-five 
days;  and  the  phenomena  of  variable  stars 
have  induced  some  astronomers  to  conclude 
that  their  alternate  increase  and  diminution  of 
lustre  is  owing  to  a  motion  of  rotation  around 
their  axes. 

5.  All  the  planets  and  their  satellites  are 
opaque  bodies,  which  derive  their  lustre  from 
the  sun.  That  Venus  and  Mercury  are  opaque 
globes,  which  have  no  light  in  themselves,  is 
evident  from  their  appearing  sometimes  with 
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a  gibbous  phase,  and  at  other  times  Uke  a 
crescent  or  a  half  moon ;  and  particularly  from 
iheir  having  been  seen  moving  across  the  disk 
«f  the  sun  hke  round  black  spots.  Mars  being 
a  superior  planet,  can  never  appear  like  a 
crescent  or  a  half  moon ;  but  at  the  time  of 
its  quadrature  with  the  sun  it  assumes  a  gib- 
Dous  phase,  somewhat  approaching  to  that  of 
a  half  moon,  which  likewise  prove  that  it  is 
an  opaque  globe.  Jupiter  and  Saturn  must 
always  appear  round,  on  account  of  their  great 
distance  from  the  earth;  but  that  Jupiter  is 
opaque  appears  from  the  dark  shadows  of  his 
satellites  moving  across  his  disk  when  they 
interpose  between  him  and  the  sun ;  and  that 
Saturn  is  likewise  a  dark  body  of  itself  ap- 
pears from  the  shadow  of  the  rings  upon  its 
disk.  That  the  moon  is  an  opaque  body  has 
been  already  shown  (p.  112,)  and  it  is  obvious 
to  almost  every  observer ;  and  that  the  satel- 
lites of  Jupiter  and  Saturn  are  opaque  appears 
from  their  eclipses,  and  the  shadows  they 
project  on  their  respective  planets.  In  this 
respect  both  the  primary  and  the  secondary 
planets  are  bodies  analogous  to  the  earth, 
which  is  likewise  opaque,  and  derives  its  light 
either  directly  from  the  sun  or  by  reflection 
from  the  moon,  except  the  feeble  rays  which 
proceed  from  the  stars.  It  forms,  therefore,  a 
presumptive  argument  that  all  these  bodies 
have  a  similar  destination  ;  for  we  cannot 
conceive  any  other  globe  so  well  fitted  for  the 
habitation  of  rational  beings  as  that  which 
is  illuminated  by  light  proceeding  from  another 
body.  An  inherent  splendour  on  the  surface 
of  any  globe  would  dazzle  the  eyes  with  its 
brilliancy,  and  could  never  produce  such  a 
beautiful  diversity  of  form,  shade,  and  colour- 
ing as  appears  on  the  landscapes  of  the  earth, 
by  means  of  the  reflections  of  the  solar  rays. 
And,  therefore,  if  the  sun  be  inhabited,  it  can 
only  be  its  dark  central  nucleus,  and  not  the 
exterior  surface  of  its  luminous  atmosphere. 

6.  The  bodies  belonging  to  the  planetary 
system  are  all  connected  together  by  one  com- 
mon principle  or  law,  namely,  the  law  of 
gravitation.  They  are  all  subject  to  the  at- 
tractive influence  of  the  great  central  lumi- 
nary ;  they  revolve  around  it  in  conformity  to 
the  general  law,  that  the  squares  of  their  peri- 
odical times  are  proportional  to  the  cubes  of 
their  distances ;  they  describe  equal  areas  in 
equal  times ;  their  orbits  are  elliptical ;  they 
are  acted  upon  by  centripetal  and  centrifugal 
forces ;  and  they  all  produce  an  attractive 
influence  on  each  other,  in  proportion  to  their 
distances  and  the  quantity  of  matter  they  con- 
tain. Being  thus  assimilated  and  combined 
into  one  harmonious  system,  the  presumption 
is,  that,  however  different  in  point  of  distance, 
magnitude,  and  density,  they  are  all  intended 
to  accomplish  the  same  grand  and  beneficent 
C508) 


design,  namely,  to  serve  as  the  abodes  of  living 
beings,  and  to  promote  the  enjoyment  of  in- 
tellectual natures. 

Since  the  planets,  then,  are  all  similar  tc 
one  another  in  their  spherical  or  spheroidal 
figures ;  in  their  being  solid  and  opaque  globes ; 
in  their  annual  and  diurnal  revolutions ;  and 
in  being  acted  upon  by  the  same  laws  of  mo- 
tion; and  since  these  circumstances  are  aii 
requisite  to  the  comfort  and  enjoyment  of 
living  beings,  it  is  a  natural  and  reasonable 
conclusion  that  their  ultimate  destination  is 
the  same,  and  that  they  are  all  replenished 
with  inhabitants.  This  earth  on  which  we 
dwell  is  one  of  the  bodies  possessed  of  the 
qualities  and  arrangements  to  which  we  al- 
lude ;  and  we  know  that  its  chief  and  ultimate 
design  is  to  support  a  multitude  of  sensitive 
and  intellectual  beings,  and  to  afford  them 
both  physical  and  mental  enjoyment.  Had 
not  this  been  its  principal  destination,  we  are 
assured,  on  the  authority  of  Divine  revelation, 
that  " it  would  have  been  created  in  vain" 
We  must  therefore  conclude  that  all  the  other 
globes  in  our  system  were  destined  to  a  simi- 
lar end,  unless  we  can  suppose  it  to  be  con- 
sistent with  the  perfections  of  Deity  that  they 
were  created  for  no  purpose. 


Section  III. 

Argument  III.  In  the  bodies  which  coU' 
stitute  the  solar  system,  there  are  special 
ahiiangements  which  indicate  their  ad ap~ 
TATios-  to  the  enjoyments  of  sensitive  and 
intelligent  beings;  mid  which  prove  that 
this  was  the  ultimate  design  of  their  creation. 

This  argument  is  somewhat  similar  to  the 
former ;  but  it  may  be  considered  separately, 
in  order  to  prevent  an  accujnulation  of  too 
many  particulars  under  one  head. 

1.  The  surfaces  of  the  planes  are  diver  si- 
Jied  with  hills  and  valleys,  and  a  variety  of 
mountain  scenery.  This  is  particularly  ob- 
servable in  the  moon,  whose  surface  is  diver- 
sified with  an  immense  variety  of  elevations 
and  depressions,  though  in  a  form  and  ar- 
rangement very  different  irom  ours  (see  pp. 
113-116.)  It  cannot  be  ascertained  ny  direct 
observation  that  there  are  mountams  on  the 
surfaces  of  Jupiter,  Saturn,  or  Uranus,  by 
reason  of  their  great  distances  from  the  earth, 
But  that  they  are  rough  or  uneven  globes 
appears  from  their  reflecting  the  light  to  us 
from  every  part  of  their  surfaces,  and  from  the 
spots  and  differences  of  shade  and  colour 
which  are  sometimes  distinguishable  on  their 
disks.  For  if  the  surfaces  of  the  planets  were 
perfectly  smooth  and  polished,  they  could  not 
reflect  the  light  in  every  direction  ;  the  re 
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fiected  image  of  the  sun  would  be  too  small  to 
strike  our  eyes,  and  they  would  consequently 
be  invisible.  (See  p.  112.)  Indications  of 
mountains,  however,  have  been  seen  on  some 
of  the  other  planets,  particularly  on  Venus. 
Spots  have  been  observed  on  this  planet  on 
different  occasions,  and  the  boundary  between 
its  dark  and  enlightened  hemisphere  has  ap- 
peared jagged  or  uneven,  a  clear  proof  that 
its  surface  is  diversified  with  mountains  and 
vales.  One  of  these  mountains  was  calculated 
by  Schroeter  to  be.  nearly  eleven,  and  another 
twenty-two  miles  in  perpendicular  elevation  ; 
and  there  can  be  but  little  doubt  that  such 
inequalities  are  to  be  found  on  the  surfaces 
of  all  the  planets  and  their  satellites,  although 
they  are  not  distinctly  visible  to  us  on  account 
of  their  distance. 

The  existence  of  mountains  on  the  planets 
is  therefore  a  proof,  or,  at  least,  a  strong  pre- 
sumptive evidence,  that  they  are  habitable 
worlds ;  for  a  perfectly  smooth  globe  could  pre- 
sent no  great  variety  of  objects  or  picturesque 
scenery,  such  as  we  behold  in  our  world,  and 
would  doubtless  be  attended  with  many  in- 
conveniences. The  view  from  any  point  of 
,  such  a  globe  would  be  dull  and  monotonous, 
Uke  the  expanse  of  the  ocean,  or  like  the 
desarts  of  Zahara  or  Arabia.  It  is  the  beau- 
tiful variety  of  hills  and  dales,  mountains  and 
plains,  and  their  diversity  of  shadows  and 
aspects,  that  render  the  landscapes  of  the  earth 
interesting  and  delightful  to  the  painter,  the 
poet,  the  man  of  taste  and  the  traveller.  Who 
would  ever  desire  to  visit  distant  countries,  or 
even  distant  worlds,  if  they  consisted  merely 
of  level  plains,  without  any  variety,  of  several 
thousands  of  miles  in  extent  ]  The  moun- 
tains add  both  to  the  sublimity  and  the  beauty 
of  the  surface  of  our  globe  ;  and  from  the  sum- 
mits of  lofty  ranges  the  most  enchanting  pros- 
pects are  frequently  enjoyed  of  the  rivers  and 
lakes,  the  hills  and  vales,  which  diversify  the 
plains  below.  But  besides  the  beauty  and 
variety  which  the  diversity  of  surface  pro- 
duces, mountains  are  of  essential  use  in  the 
economy  of  our  globe.  They  afford  many  of 
the  most  delightful  and  salubrious  places  for 
the  habitations  of  man  ;  they  arrest  the  pro- 
gress of  stormy  winds;  they  serve  for  the 
nourishment  of  animals,  and  the  production 
of  an  infinite  variety  of  herbs  and  trees ;  they 
are  the  depositories  of  stones,  metals,  minerals, 
and  fossils  of  every  description,  so  necessary 
for  the  use  of  man ;  and  they  are  the  portions 
of  the  globe  where  fountains  have  their  rise, 
and  whence  rivers  are  conveyed  to  enliven 
and  fertilize  the  plains.  For,  if  the  earth  were 
divested  of  its  mountains,  and  every  part  of  its 
surface  a  dead  level,  there  could  be  no  running 
streams  or  conveyance  for  the  waters,  and  they 
w<>uld  either  stagnate  in  large  masses  or  over- 


flow immense  tracts  of  land.  Hence  it  has 
been  arranged  by  the  wisdom  of  Provid  mce 
that  mountains  should  exist  over  all  the  globe, 
and  that  e'^ery  country  should  enjoy  the  nu- 
merous benefits  which  such  an  arrangement 
is  fitted  to  produce. 

As  mountains,  then,  are  part  of  the  arrange- 
ments of  other  globes  in  the  solar  system,  and 
as  they  are  essentially  requisite  in  such  a 
world  as  ours,  they  may  serve  similar  and 
even  more  important  purposes  in  other  worlds. 
In  some  of  the  planets  they  appear  to  be  more 
elevated  and  of  greater  dimensions  than  on 
the  earth.  Although  the  moon  is  much  less 
in  size  than  our  globe,  yet  some  of  its  moun- 
tains are  reckoned  to  be  five  miles  in  perpen- 
dicular height.  Some  of  the  mountains  on 
Venus  are  estimated  to  be  four  times  higher 
than  even  this  elevation.  V^e  may  easily 
conceive  what  an  extensive  and  magnificent 
prospect  would  be  presented  from  the  top  of 
such  sublime  elevations,  and  what  a  diversity 
of  objects  would  be  presented  to  the  eye  from 
one  point  of  view.  Nor  need  we  imagine 
there  will  be  any  great  difhculty  in  ascending 
such  lofty  eminences ;  for  the  irhabitants  of 
such  worlds  may  be  furnished  w.tli  bodies  dif- 
ferent from  those  of  the  human  race,  and  en- 
dowed with  locomotive  powders  far  superior  to 
ours.  If,  therefore,  the  planets  were  found  to 
be  perfectly  smooth  globes,  without  any  eleva- 
tions or  depressions,  we  should  lose  one  argu- 
ment in  supportof  their  being  designed  for  the 
abodes  of  rational  beings ;  but  having  the  cha- 
racteristic now  stated,  when  taken  into  con- 
sideration with  other  arguments,  it  corroborates 
the  idea  of  their  being  habitable  worlds. 

2.  The  planets,  in  all  probability,  are  en- 
vironed with  atmospheres.  It  appears  pretty 
certain  that  the  moon  is  surrounded  with  such 
an  appendage  (see  pp.  119-120.)  The  planet 
Mars  is  admitted  by  all  astronomers  to  be  en- 
vironed with  a  pretty  dense  atmosphere,  which 
is  the  cause  of  its  ruddy  appearance  (see  p. 
61,  62;)  and  indications  of  an  atmosphere 
have  been  observed  on  Venus  and  some  of  the 
other  planets.  To  our  world  an  atmosphere 
is  a  most  essential  appendage.  Without  its 
agency  our  globe  would  be  unfit  for  being  the 
residence  of  living  beings  constituted  as  they 
now  are ;  and  were  it  detached  from  the  earth, 
all  the  orders  of  animated  nature,  and  even  the 
vegetable  tribes  would  soon  cease  to  exist. 
Atmospheres  somewhat  analogous  to  our^ 
may  likewise  be  necessary  in  other  worlds. 
But  we  have  no  reason  to  conclude  that  they 
are  exactly  similar  to  ours.  Mobile  our  atmo- 
sphere consists  of  a  compound  of  several 
gaseous  substances,  theirs  may  be  formed  of  a 
pure  homogeneous  ethereal  fluid,  possessed  of 
very  different  properties.  While  ours  is  im- 
pregnated with  dense  vapours,  and  inter- 
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spersed  with  numerous  strata  of  thick  clouds, 
the  atmosphere  of  some  of  the  other  planets 
may  be  free  of  every  heterogeneous  substance, 
and  perfectly  pure  and  transparent.  Their  re- 
flective and  refractive  powers,  and  other  quali- 
ties, may  Ukewise  be  different  from  those  of 
the  atmosphere  which  surrounds  the  earth. 
Hence  the  folly  of  denying  the  existence  of 
an  atmosphere  around  the  moon  or  any  other 
planet,  because  a  fixed  star  or  any  other  orb  is 
not  rendered  dim  or  distorted  when  it  ap- 
proaches its  margin.  For  if  its  atmosphere  be 
either  of  small  dimensions,  or  perfectly  pure 
and  transparent,  or  of  a  different  refractive 
power  from  ours,  such  a  phenomenon  cannot 
be  expected.  We  have  no  more  reason  to  ex- 
pect that  the  atmospheres  of  other  planets 
should  be  similar  to  ours,  than  that  these 
bodies  should  be  of  the  same  size,  have  the 
same  diversity  of  objects  on  their  surface,  or 
be  accompanied  with  the  same  number  of 
moons. 

It  is  not  likely  that  our  atmosphere  is  pre- 
cisely in  the  same  state  as  at  the  first  creation. 
Its  invigorating  powers  had  then  an  influence 
sufficient  to  prolong  human  existence  to  a 
period  of  a  thousand  years ;  but,  since  the 
change  it  underwent  at  the  deluge,  the  period 
of  human  life  has  dwindled  down  to  little  more 
than  "  threescore  years  and  ten.'*  The  present 
constitution  of  our  atmosphere,  therefore,  ought 
not  to  be  considered  as  a  model  by  which  to 
judge  of  the  nature  and  properties  of  the  atmo- 
spheres of  other  worlds.  Their  atmospheres 
may  be  so  pure  and  transparent  as  to  enable 
their  inhabitants  to  penetrate  much  further 
into  space  than  we  can  do,  and  to  present  to 
them  the  heavenly  bodies  with  more  brilliancy 
and  lustre ;  and  the  properties  with  which 
they  are  endowed  may  be  fitted  to  presei^e 
their  corporeal  organs  in  undecaying  vigour, 
and  to  raise  their  spirits  to  the  highest  pitch 
of  ecstasy,  similar  to  some  of  the  effects  pro- 
duced on  our  frame  by  inhaling  that  gaseous 
fluid  called  the  nitrous  oxide.  There  is  only 
one  planet  whose  atmosphere  appears  to  par- 
take of  the  impurity  and  density  of  that  of  the 
earth,  and  that  is  the  planet  Mars ;  and  several 
other  circumstances  tend  to  show  that  it  bears 
too  near  a  resemblance  to  our  globe.  In  this 
respect,  then,  it  gives  indication  of  being  a 
habitable  world  ;  but  several  of  the  other  pla- 
nets may  be  al^odes  of  greater  happiness  and 
splendour,  although  no  traces  of  such  an  ap- 
pendange  can  be  distinguished  by  our  tele- 
scopes. And  this  very  circumstance,  that 
their  atmospheres  are  invisible,  should  lead  \is 
to  conclude  that  they  are  purer  and  more 
^transparent  than  ours,  and  that  the  moral  and 
physical  condition  of  their  inhabitants  is  pro- 
Vbly  superior  to  what  is  enjoyed  upon  earth. 

8.  There  is  provision  made  for  the  dis- 


trihution  of  light,  and  heaty  and  colour  aniOBg 
all  the  planets  and  their  sateUites.     On  every 
one  of  these  bodies  the  sun  diffuses  a  radi« 
ance,  and,  in  order  that  no  portion  of  their 
surfaces  may  be  deprived  of  this  influence, 
they  appear  all  to  have  a  motion  round  their 
axes.     Light  is  an  essential  requisite  to  every 
world,  and  colour  \s  almost  equally  indispema« 
ble.     Without  colour  we  should  be  unable  to 
perceive  the  forms,  proportions,  and  aspects  of 
the  objects  which  surround  us  ;  we  could  not 
distinguish  one  object  from  another ;  all  the 
beauties,  varieties,  and  sublimities  of  nature 
would  be  annihilated,  and  we  should  remain 
destitute   of   the    noblest   entertainments    of 
vision.     It  is   colour  which   enlivens    every 
scene  of  nature,  which  adds  a  charm  to  every 
landscape,  and  gives  an  air  of  beauty  and  mag- 
nificence to  the  spacious  vault  of  heaven.  Now 
colour  exists  in  the  solar  rays,  without  which, 
or  some  similar  radiance,  every  object  is  either 
invisible  or  wears  a  uniform  aspect.  On  what- 
ever objects  these  rays  fall,  colour  is  produced  ; 
they  have  the  same  properties  in  every  part  of 
the  system  as  on  our  globe,  and,  therefore, 
,  must  produce  colours  of  various  hues  on  the 
objects  connected  with  the  remotest  planets,  - 
according  to  the  nature  of  the  substances  on 
which   they   fall.     Light   and   colour,    then, 
being  essential  to  every  globe  intended  for  the 
habitation  of  living  beings,  abundant  provision 
has  been  made  for  diffusing  their  benign  in- 
fluence through  every  part  of  the  planetary 
system.     Heat  is  likewise  an  agent  which  ap- 
pears  necessary   to   every  world;   and  it  is, 
doubtless,    distributed    in    due     proportions 
throughout  the  system,  according  to  the  na- 
ture of  the  substances  of  which  the  planets 
are  composed,  and  the  constitution  of  their  in- 
habitants. But  light,  and  colour,  and  heat  are 
agencies  which  can  only  have  an  ultimate  re- 
spect to  sensitive  and  intellectual  beings ;  and, 
therefore,  where  no  such  beings  exist  or  are 
intended  to  exist,  no  such  provision  would  be 
made  by  a  wise  and  intelligent  agent.     Such 
care  as  appears  to  have  been  taken  for  the 
communication  of  the  agencies  of  light,  heat, 
and  colour,  would  never  have  been  exercised 
for  the  sake  of  rocks  and  desarts,  and  scenes 
of  sterility  and  desolation.     The  existence  of 
light,  with  all  the  enchanting  eflects  it  pro- 
duces, necessarily  supposes  the  existence  of 
eyes,  in  order  to  enjoy  its  beneficial  influence  ; 
and,    therefore,   organized    beings,    endowed 
with  visual  organs,  must  exist  in  all  those  re- 
gions where  contrivances  have  been  adapted 
for  its  regular  and  universal  diffusion ;  other- 
wise the  universe  might  have  remained  a  scene 
of  eternal  darkness. 

4.  The  principal  primary  planets  are  ^ro- 
vided,  with  secondary  planets  or  moons,  tu 
afford  them  light  in  the  absence  of  the  sun, 


Hosted  by  Google 


APPLICATION  OF  THE  ARGUMENT. 


IGD 


as  well  as  to  accomplish  other  important  pur- 
poses. The  three  largest  planets  of  the  sys- 
tem are  accommodated  with  no  fewer  than 
seventeen  of  those  nocturnal  luminaries,  and 
probably  with  several  more  which  lie  beyond 
the  reach  of  our  teiescopes.  Our  earth  has 
one  ;  and  it  is  not  improbable  that  both  Mars 
and  Venus  are  attended  by  at  least  one  satel- 
lite. These  attendants  appear  to  increase  in 
number  in  proportion  to  the  distance  of  the 
primary  planet  from  the  sun.  Jupiter  has 
four  such  attendants;  Saturn  seven;  six  have 
been  discovered  around  Uranus ;  but  the  great 
difficulty  of  perceiving  them,  at  the  immense 
distance  at  which  we  are  placed,  leads  to  the 
almost  certain  conclusion  that  several  more 
exist  which  have  not  yet  been  detected.  While 
these  satellites  revolve  round  their  respective 
planets,  and  diffuse  a  mild  radiance  on  their 
surfaces  in  the  absence  of  the  sun,  they  also 
serve  the  same  purposes  to  one  another ;  and 
their  primaries,  at  the  same  time,  serve  the 
purpose  of  large  resplendent  moons  to  every 
one  of  their  satellites,  besides  presenting  a 
diversilied  and  magnificent  scene  in  their 
nocturnal  sky.  No  satellite  has  yet  been  dis- 
covered attending  the  planet  Mercury,  nor  is 
it  probable  that  any  such  body  exists.  But 
we  have  already  shown  (pp.  14G-148)  that 
Venus  and  the  earth  serve  the  purposes  of 
satellites  to  this  planet,  Venus  sometimes  ap- 
pearing six  times  as  large,  and  the  earth  two 
or  three  times  as  large  as  Venus  does  to  us 
at  the  period  of  its  greatest  brilliancy  ;  so  that 
the  nights  of  Mercury  are  cheered  with  a  con- 
siderable degree  of  illumination.  Here,  then, 
we  perceive  an  evident  design  in  such  arrange- 
ments, which  can  have  no  other  ultimate  object 
in  view  than  the  comfort  and  gratification  of 
intelligent  beings.  For  a  retinue  of  moons, 
revolving  around  their  primary  planets  at  regu- 
lar distances  and  in  fixed  periods  of  time, 
would  serve  no  useful  purpose  in  throwing  a 
faint  light  on  immense  desarts,  where  no  sen- 
sitive beings,  furnished  with  visual  organs, 
were  placed  to  enjoy  its  benefits ;  nor,  if  this 
were  the  case,  is  it  supposable  that  so  much 
skill  and  accuracy  would  have  been  displayed 
in  arranging  their  distances  and  their  peri- 
odical revolutions,  which  is  accomplished  with 
all  the  accuracy  and  precision  which  are  dis- 
played in  the  other  departments  of  the  system 
of  nature. 

The  small  density  of  the  larger  and  more 
remote  planets,  and  the  diminution  of  the 
weight  of  bodies  on  their  surfaces  on  this 
account,  and  by  their  rapid  rotation  on  their 
axes,  appear  to  be  instances  of  design  which 
have  a  respect  to  sentient  beings.  The  den- 
sity of  Jupiter  is  little  more  than  that  of  water, 
and  that  of  Saturn  about  the  density  of  cork. 
Were  these  planets  as  dense  as  the  planet 


Mercury,  or  had  they  even  the  density  of  the 
earth,  organized  beings  like  man  would  be 
unable  to  traverse  their  surfaces.  If  the  density 
of  Jupiter,  for  example,  were  as  great  as  that 
of  the  earth,  the  weight  of  bodies  on  its  surface 
would  be  eleven  times  greater  than  with  us ; 
60  that  a  man  weighing  160  pounds  on  the 
earth  would  be  pressed  down  on  the  surface 
of  Jupiter  with  a  force  equal  to  one  thousand 
seven  hundred  and  sixty  pounds.  But  the 
gravity  of  bodies  on  the  surface  of  this  planet 
is  only  about  twice  as  great  as  on  the  surface 
of  the  earth ;  and  this  gravitating  power  is 
dirainished  by  its  rapid  rotation  on  its  axis» 
For  the  centrifugal  force  which  diminishes  the 
weight  of  bodies  is  sixty-six  times  greater  on 
Jupiter  than  on  the  earth,  and  will  relieve  the 
inhabitants  of  one  eighth  part  of  their  weight, 
which  they  would  othenvise  feel  if  there  were 
no  rotation;  so  that  a  body  weighing  128 
pounds  if  the  planet  stood  still,  would  weigh 
only  112  pounds  at  its  present  rate  of  rotation, 
which  will  afford  a  sensible  relief  and  diminu- 
tion of  weight  (see  p.  75,  Art.  Jupiter,)  The 
same  may  be  said,  with  some  slight  modifica- 
tions, in  relation  to  Saturn.  There  must, 
therefore,  have  been  a  design^  or  a  wise  and 
prospective  contrivance  in  such  arrangements, 
to  suit  the  exigencies  and  to  promote  the  com- 
fort of  organized  intelligences;  otherwise,  had 
Jupiter  and  Saturn  been  as  much  denser  than 
the  earth  as  they  are  lighter,  every  body  would 
have  been  riveted  to  their  surfaces  with  a  force 
which  beings  like  man  could  never  have  over- 
come;  and  moving  beings  with  such  organical 
parts  as  those  of  men  would  have  had  to  drag 
along  with  them  a  weight  of  eight  or  ten  thou- 
sand pounds. 


In  the  preceding  statements  I  have  endea- 
voured to  show  that  there  is  a  general  simi' 
larity  among  all  the  bodies  of  the  planetary 
system,  and  that  there  are  special  arrange- 
ments which  indicate  their  adaption  to  the 
enjoyment  of  sensitive  and  intellectual  beings. 
Let  us  now  consider  more  particularly  the 
force  of  the  argument  »3erived  from  such  con- 
siderations ; 

That  the  Divine  Being  has  an  end  in  view 
in  all  his  arrangements,  and  that  this  end  is  in 
complete  correspondence  with  his  infinite  wis- 
dom and  goodness,  and  the  other  perfections 
of  his  nature,  is  a  position  which  every  rational 
Theist  will  readily  admit.  That  some  of  the 
prominent  designs  or  general  ends  which  the 
Deity  intended  to  accomplish  may  be  traced 
in  various  departments  of  his  works,  is  like- 
wise a  position  which  few  or  none  will  deny. 
That  design  may  be  inferred  from  its  efifecta; 
is  a  principle  which  mankind  generally  recog- 
nize in  their  investigations  of  the  operations 

(611) 
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both  of  nature  and  of  art.  That  man  would 
justly  be  accused  of  insanity  who,  after  in- 
specting the  machinery  of  a  well-constructed 
clock,  and  perceiving  that  it  answered  the 
purpose  of  pointing  out  the  divisions  of  time 
by  hours,  minutes,  and  seconds  with  the  ut- 
most accuracy,  should  deny  that  its  various 
parts  were  formed  and  arranged  for  the  very 
purpose  which  the  machine  so  exactly  fulfils ; 
at  least,  that  the  pointing  out  of  the  hours  and 
minutes  was  one  of  the  main  and  leading 
objects  which  the  artist  had  in  view  in  its 
construction.  It  is  a  law  of  our  nature  which 
we  cannot  resist,  that  from  the  effect  the  de- 
sign may  be  inferred  ;  and  that,  wherever  art 
or  contrivance  appears  exactly  adapted  to  ac- 
complish a  certain  end,  that  end  was  intended 
to  be  accomplished.  We  cannot  doubt  for  a 
moment  of  the  final  causes  of  a  variety  of 
objects  and  contrivances  which  present  them- 
selves to  view  in  the  world  we  inhabit.  We 
cannot  err  in  concluding,  for  example,  that  the 
tjars,  legs,  and  wings  of  animals  were  made 
for  the  purpose  of  hearing,  walking,  and  flying. 
On  the  same  principle  we  are  led  to  conclude, 
tb.s^  as  animals  are  formed  with  mouths,  teeth, 
and  stomachs  to  masticate  and  digest  their 
food,  so  vegetables  and  other  organized  bodies 
were  formed  for  the  purpose  of  affording  that 
nourishment  which  the  animal  requires.  No 
one  will  take  upon  him  to  deny  that  the  eye 
was  intended  for  the  purpose  of  vision.  The 
coats  and  humours  of  which  it  is  composed, 
and  the  muscles  which  move  it  in  every  direc- 
tion, in  their  size,  shape,  connexion,  and  po- 
sitions, are  so  admira!)Iy  adapted  to  this  end, 
and  the  transparency  of  the  cornea,  and  the 
humours,  the  opacity  of  the  uvea^  and  the 
semi-opacity  and  concavity  of  the  retina,  are 
so  necessary  to  transmit  and  refract  the  rays 
of  light  in  order  to  distinct  vision,  that  it  ap- 
pears as  evident  it  was  designed  for  this  pur- 
pose, as  that  telescopes  were  constructed  to 
discover  the  colours,  shapes,  and  motions  of 
distant  objects.  And  as  the  eye  was  con- 
structed of  a  number  of  nice  and  dehcate  parts 
for  the  purpose  of  vision,  so  light  was  formed 
for  the  purpose  of  acting  upon  it  and  produc- 
ing the  intended  effect,  without  the  agency 
of  which  vision  could  not  be  produced.  The 
one  is  exactly  adapted  to  the  other ;  for  no 
other  substance  but  light  can  affect  the  eye  so 
as  to  produce  vision,  and  no  other  organ  of 
sensation  is  susceptible  of  the' impressions  of 
light,  so  as  to  convey  a  perception  of  any 
visible  object.  In  all  such  cases,  the  adaption 
of  one  contrivanc*  to  another,  and  the  inten- 
tion of  the  Contdver,  are  quite  apparent. 

It  is  true,  indeed,  that  we  cannot  pretend 

to  explore  all  the  ends  or  designs  which  God 

may  have  had  in  view  in  the  formation  of 

any  one  object  or  department  of  the  universe. 

{6n\ 


For  an  eternal  and  omniscient  Being,  whose 
wisdom  is  unsearchable,  and  whose  eye  pene 
trates  through  all  the  regions  of  immensity^ 
may  have  subordinate  designs  to  accomplish, 
which  surpass  the  limited  faculties  of  man,  oi 
even  of  angels,  to  comprehend.  But  to  inves- 
tigate  and  to  perceive  some  of  the  main  and 
leading  ends  which  were  designed  in  the 
arrangement  of  certain  parts  of  the  universe, 
is  so  far  from  being  presumptuous  and  unat- 
tainable, that  it  would  be  blindness  and  folly 
in  a  rational  creature  not  to  discover  mem ; 
particularly  in  such  instances  as  those  to  which 
we  have  now  alluded.  For  it  appears  to  be 
the  intention  of  the  Deity,  in  displaying  his 
works  to  intelligent  minds,  that  these  works 
shall  exhibit  a  manifestation  of  his  attributes, 
and  particularly  of  his  wisdom,  goodness,  ai:a 
intelligence  ;  and  he  has  endowed  them  with 
faculties  adequate  to  enable  them  to  perceive 
some  traces  of  his  footsteps  and  of  the  plan  of 
his  operations.  But  while  he  permits  us  to 
perceive  some  of  the  grand  lineaments  of  his 
designs,  there  may  be  numberless  minute  and 
subordinate  ends  which  lie  beyond  the  sphere 
of  our  investigations.  Were  a  peasant  brought 
into  the  observatory  of  an  astronomer,  and 
shown  an  instrument  calculated  to  point  out 
the  sun's  place  in  the  ecliptic,  its  declination 
and  right  ascension,  the  day  of  the  month,  &c., 
and  particularly  the  hour  of  the  day,  it  would 
be  presumptuous  in  such  a  person  to  pretend  to 
ascertain  all  the  intentions  of  the  artist,  or  all 
the  uses  for  which  such  a  machine  was  con- 
structed ;  but  when  he  beheld  the  ordinary 
marks  of  a  sundial,  and  the  shadow  of  the 
gnomon  accurately  pointing  to  the  hour,  he 
could  not  fail  at  once  to  perceive  that  this  was 
one  principal  end  which  the  contriver  had  in 
view.  In  like  manner,  while  we  evidently 
perceive  that  one  principal  design  of  the  crea- 
tion of  the  sun  was  to  enUghten  the  earth  and 
other  bodies  which  move  around  it,  it  also 
serves  several  subordinate  purposes.  It  directs 
the  course  of  winds,  promotes  evaporation  and 
the  growth  of  vegetables ;  it  retains  the  planets 
in  their  orbits;  it  kindles  combustible  sub- 
stances by  means  of  convex  glasses  and  con- 
cave mirrors ;  it  enables  us  to  measure  time  by 
means  of  dials;  it  directs  the  geographer  to 
determine  the  elevation  of  the  pole  and  the 
latitude  of  places ;  it  guides  the  navigator  in 
his  course  through  the  ocean,  and  even  its 
eclipses  serve  many  useful  purposes,  both  in 
chronology  and  astronomy;  and  it- may  serve 
similar  or  very  different  purposes,  with  which 
we  are  unacquainted,  among  the  inhabitants 
of  other  worlds.  All  these  purposes,  and  many 
more  of  which  we  are  ignorant,  may  have 
entered  into  the  designs  of  the  almighty  Cre- 
ator, although,  in  the  first  instance,  we  might 
have  been  unable  to  discover  or  appreciate 
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ihem.  As  *  the  works  of  the  Lord  are  gi'cat," 
(SO  they  must  "be  sought  out,"  or  dihgently 
hivestigateJ^  in  order  that  we  may  clearly  per- 
ceive the  manifold  designs  of  infinite  wisdom. 

Let  us  now  apply  these  principles  to  the 
subject  more  immediately  before  us.  We 
have  seen  that,  in  the  distant  bodies  of  our 
system,  there  are  special  contrivances  and 
arrangements,  all  calculated  to  promote  the 
enjoyment  of  myriads  of  intelligent  agents. 
We  have  presented  before  us  a  most  august 
and  astonishing  assemblage  of  means ;  and  if 
the  Contriver  of  the  universe  is  possessed  of 
wisdom,  there  must  be  an  end  proportionate 
to  the  utility  and  grandeur  of  the  means 
provided.  Arrangements  nearly  similar,  but 
much  inferior  in  point  of  extent  and  magnifi- 
cence, have  been  made  in  relation  to  the 
globe  on  which  we  live.  We  know  the  final 
cause,  or,  at  least,  one  of  the  principal  designs 
for  which  it  was  created,  namely,  to  support 
sensitive  and  intellectual  beings,  and  to  con- 
tribute to  their  enjoyment.  If,  then,  the 
Creator  acts  on  the  same  principle — in  other 
words,  if  he  displays  the  same  intelligence — in 
other  regions  of  the  universe  as  he  does  in  our 
world,  we  must  admit  that  the  planetary  globes 
are  furnished  with  rational  inhabitants.  There 
s  one  essential  attribute  which  enters  into  all 
our  conceptions  of  the  Divine  Being,  namely, 
that  he  is  possessed  of  infinite  wisdom.  This 
perfection  of  his  nature  is  displayed  in  all  the 
general  arrangements  he  has  made  in  this 
lower  world,  where  we  find  one  part  nicely 
adapted  to  another,  and  every  thing  so  ba- 
lanced and  arranged  as  to  promote  the  com- 
fort of  sentient  beings.  In  consequence  of  his 
being  possessed  of  this  perfection,  he  must  be 
considered,  in  all  his  operations  throughout 
the  immensity  of  space,  as  proportionating  the 
means  to  the  end,  and  selecting  the  best  means 
possible  for  the  accomplishment  of  any  design ; 
ibr  in  such  contrivances  and  operations  true 
wisdom  consists. 

But  now  let  us  suppose  for  a  moment  that 
the  vast  regions  on  the  surfaces  of  the  planets 
are  only  immense  and  frightful  desarts,  devoid 
of  inhabitants  ;  whey^ein  does  the  wisdom  of 
the  Creator  appear  on  this  supposition  ? 
For  what  purpose  serves  the  grand  apparatus 
of  rings  and  moons  for  adorning  their  sky  and 
reflecting  light  on  their  hemispheres  1  Why 
are  they  made  to  perform  annual  and  diurnal 
revolutions,  and  not  fixed  in  the  same  points 
of  infinite  space  1  Why  are  the  larger  and 
remoter  planets  furnished  with  more  moons 
than  those  which  are  nearer  the  source  of 
light  1  Why  are  their  firmaments  diversified 
with  so  many  splendid  and  magnificent  ob- 
jects "^  Why  is  their  surface  arranged  into 
mountains  and  vales  1  Why  has  so  much 
contiivance  been  displayed  in  devising  means 
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for  the  illumination  of  every  portion  of  their 
surfaces,  and  diffusing  over  them  a  variety  of 
colours  1  The  answers  to  such  questions 
would,  then,  be,  to  illuminate  an  immense 
number  of  dreary  wastes,  and  to  produce 
days  and  nights,  and  a  variety  of  seasons,  for 
the  sole  benefit  of  interminable  desarts,  or,  at 
most,  of  mountains  of  marble  or  rocks  of  dia» 
monds ;  to  afford  them  light  enough  to  see  to 
keep  their  orbits,  lest  they  might  miss  their 
way  in  the  pathless  spaces  through  which 
they  move!  Is  such  an  apparatus  requisite 
for  such  a  purpose  1  Would  this  he  an  end 
worthy  of  i:stinitii  wisdom  1  Would  it  at 
all  correspond  with  the  dignity  and  grandeur 
of  the  means  employed  1  Would  it  comport 
with  the  boundless  intelligence  of  Him  "who 
formed  the  earth  by  his  wisdom,  and  stretched 
out  the  heavens  by  his  understa7iding .?" 
To  maintain  such  a  position  would  be  to  dis- 
tort  the  Divine  character,  and  to  undermine 
all  the  ^onceptions  we  ought  to  form  of  the 
Deity,  as  wise,  amiable,  and  adorable,  and  as 
"  great  in  counsel  and  mighty  in  operation.*' 
If  we  beheld  an  artist  exerting  his  whole 
energies,  and  spending  his  whole  life  in  con- 
structing a  large  complex  machine  which  pro- 
duced merely  a  successive  revolution  of  wheels 
and  pinions,  without  any  useful  end  whatever 
in  view,  however  much  we  might  extol  the 
ingenuity  displayed  in  some  parts  of  the  ma- 
chine, we  could  not  help  viewing  him  as  a 
fool  or  a  maniac  in  bestowing  so  much  labour 
and  expense  to  no  purpose.  For  it  is  the 
end  or  design  intended  which  leads  us  to  infer 
the  wisdom  of  the  artist  in  the  means  em- 
ployed.   And  shall  we  consider  the  all-avise 
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as  acting  in  a  similar  manner?  The  thought 
would  be  impious,  blasphemous,  and  absurd 
It  is  only  when  we  recognize  the  Almighty  as 
displaying  infinite  wisdom  in  all  his  arrange- 
ments throughout  creation,  and  boundless 
beneficence  in  dififusing  happiness  among 
countless  ranks  of  inteUigent  existence,  that 
we  perceive  him  to  be  worthy  of  our  admira- 
tion and  gratitude,  and  of  our  highest  praises 
and  adorations.  We  are,  therefore,  irresistibly 
led  to  the  conclusion,  that  the  planets  are  the 
abodes  of  intelligent  beings,  since  every  requi- 
site arrangement  has  been  made  for  their  en- 
joyment. This  is  a  conclusion  which  is  not 
merely  probable,,  but  absolutely  certain;  for 
the  opposite  opinion  would  rob  the  Deity  of 
the  most  distinguishing  attribute  of  his  nature, 
by  virtually  denying  him  the  perfection  of 
infinite  wisdom  and  intelligence. 


Section  IV. 
Argument  IV.     The  scenery  of  the  hea- 
vens,  as   viewed    from  the   surfaces  of  the 
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larger   planets   and   their   satellites,   forms  a 
presumptive  proof  that  both  the  planets  and 
their    moons    are    inhabited    by   intellectual 
,  ^eings. 

In  the  preceding  chapter  I  have  described 
fit  some  length  the  celestial  phenomena  of  the 
planets,  both  primary  and  secondary.  From 
these  descriptions  it  appears  that  the  most 
glorious  and  magnificent  scenes  are  displayed 
in  the  firmament  of  the  remoter  planets,  and 
particularly  in  those  of  their  satellites.  Even 
the  firmament  of  the  moon  is  more  striking 
and  sublime  than  ours.  But  in  the  firma- 
ments of  some  of  the  satellites  of  Jupiter  and 
Saturn  there  are  celestial  scenes  peculiarly 
grand  and  splendid,  surpassing  every  thing 
which  the  imagination  can  well  represent, 
and  these  scenes  diversified  almost  every  hour. 
What  should  we  think  of  a  globe  appearing 
in  our  nocturnal  sky  1300  times  larger  than 
the  apparent  size  of  the  moon,  and  every  hour 
assuming  a  different  aspect  1  of  five  or  six 
bodies  twenty  or  thirty  times  larger  than  our 
moon  appears,  all  in  rapid  motion,  and  con- 
tinually changing  their  phases  and  their  appa- 
rent magnitudes  1  What  should  we  think  of 
a  globe  filling  the  twentieth  part  of  the  sky, 
and  surrounded  with  immense  rings,  in  rapid 
motion,  diffusing  a  radiance  over  the  whole 
heavens'?  When  Jupiter  rises  to  his  satel- 
lites, and  especially  when  Saturn  and  his 
rings  rise  to  his  nearest  moons,  a  whole 
quarter  of  the  heavens  will  appear  in  one 
blaze  of  light.  At  other  times,  when  the  sun 
is  eclipsed,  or  when  the  dark  sides  of  these 
globes  are  turned  to  the  spectator,  the  starry 
firmament  will  open  a  new  scene  of  wonders, 
and  planets  and  comets  be  occasionally  beheld 
m  their  courses  through  the  distant  regions 
of  space. 

The  sublime  and  magnificent  scenes  dis- 
played in  those  regions ;  the  diversified  objects 
presented  to  view ;  the  incessant  changes  in 
their  phases  and  aspects ;  the  rapidity  of  their 
apparent  motions ;  and  the  difficulty  of  deter-: 
mining  ttie  real  motions  and  relative  positions 
of  the  bodies  in  the  firmament,  and  the  true 
system  of  the  world,  lead  us  to  the  conclusion 
that  the  globes  to  which  we  allude  are  re- 
plenished, not  merely  with  sensitive,  but  with 
intellectual  beings.  For  such  sublime  and 
interesting  scenes  cannot  affect  inanimate 
matter,  nor  even  mere  sentient  beings  such  as 
exist  in  our  world ;  and  we  cannot  suppose 
that  the  Creator  would  form  such  magnificent 
arrangements  to  be  beheld  and  studied  by  no 
rational  beings  capable  of  appreciating  their 
grandeur  and  feeling  delight  in  their  contem- 
plation. If  creation  was  intended  as  a  display 
of  the  perfections  and  grandeur  of  the  Divine 
Being,  there  must  exist  inteUigent  mhids  to 
whom  such  a  display  is  exhibited ;  otherwise 
1,514) 


the  material  universe  cannot  answer  this  €??«!, 
and  might,  so  far  as  such  a  design  is  concerned, 
have  remained  for  ever  shut  up  in  the  recesses 
of  the  Eternal  Mind.  Such  scenes  could  nu* 
have  been  intended  merely  for  the  instructior: 
or  gratification  of  the  inhabitants  of  the  earth* 
For  no  one  of  its  population  has  yet  beheld 
them  from  that  point  of  view  in  which  their 
grandeur  is  displayed,  and  not  one  out  of  a 
hundred  thousand  yet  knows  that  such  objects 
exist.  We  are,  therefore,  irresistibly  led  to  the 
conclusion  that  intelligent  minds  exist  in  the 
regions  of  Jupiter,  Saturn,  and  Uranus,  for 
whose  pleasure  and  gratification  these  sublime 
scenes  were  created  and  arranged.  Tho^se 
minds,  too,  in  all  probability,  are  endowed 
with  faculties  superior  in  intellectual  energy 
and  acumen  to  those  of  the  inhabitants  of  our 
globe.  For  the  rapidity  and  complexity  of  the 
motions  presented  in  the  firmament  of  some 
of  the  satellites  of  Jupiter  and  Saturn,  the 
variety  of  objects  exhibited  to  view,  and  the 
frequent  and  rapid  changes  of  their  phases 
and  apparent  magnitudes,  are  such  as  to 
require  the  exertion  of  intellectual  faculties 
more  powerful  and  energetic  than  ours  in 
order'  to  determine  the  real  motions  and  posi«- 
tions  of  the  globes  around  them,  and  to  ascer- 
tain the  order  of  the  planetary  system  of 
which  they  form  a  part.  And  it  is  likewise 
probable  that  their  organs  of  vision  are  more 
acute  and  penetrating  thsm  those  of  men ; 
otherwise  they  will  never  be  able  to  discover 
either  the  earth,  Mars,  Mercury,  or  Venus, 
and,  consequently,  may  suppose  that  such 
bodies  have  no  existence. 


SECTIOiy  V. 

Argument  V,  The  doctrine  of  a  plurality 
of  worlds  may  be  argued  from  the  considera- 
tion that,  in  the  world  we  inhabit,  every  part 
of  nature  is  destined  to  the  support  of  ani- 
mated beings. 

There  is,  doubtless,  a  certain  degree  of 
pleasure  in  contemplating  the  material  world, 
and  surveying  the  various  forms  into  which 
matter  has  been  wrought  and  arranged,  piirti' 
cularly  in  the  admirable  structure  and  move* 
ments  of  systems  of  bodies  such  as  those  which 
compose  the  planetary  system.  But  there  is 
something  still  more  interesting  and  wonder- 
ful presented  to  the  mind  when  we  contem- 
plate the  worlds  of  life.  The  material  world 
is  only,  as  it  were,  the  shell  of  the  universe  • 
the  mere  substratum  of  thought  and  sensa- 
tion ;  living  beings  are  its  inhabitants,  for 
whose  sake  alone  matter  is  valuable,  and  for 
whose  enjoyment  it  appears  to  have  been 
created.      In   the    organization   of    animated 
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insistences,  in  the  various  parts  of  which  they 
are  composed,  in  the  adaptation  of  one  part 
or  organ  to  another,  in  their  different  func- 
tions, and  the  multifarious  movements  of 
which  they  are  susceptible,  vi^ithout  taking 
into  consideration  the  soul  that  animates 
them,  there  is  a  display  of  the  most  admirable 
mechanism  and  the  nicest  contrivance,  which 
is  not  to  be  found  in  earth  or  stones,  in  rocks 
of  diamonds,  or  even  in  the  figure  of  a  planet 
and  its  motion  round  the  sun. 

Hence  we' find  that  the  world  in  which  we 
live  teems  with  animated  existence.  Man  is 
the  principal  inhabitant,  for  whose  use  and 
accommodation,  chiefly,  the  terraqueous  globe 
was  formed  and  arranged.  Had  not  the 
Creator  intended  to  place  upon  its  surface 
beings  endowed  with  rational  faculties,  capa- 
ble of  enjoying  happiness  and  recognizing  the 
perfections  of  its  author,  it  is  not  probable  that 
it  would  have  been  created.  "  God  made  man 
in  his  own  image,"  and  "  gave  him  dominion 
over  the  fish  of  the  sea,  over  the  fowls  of  the 
air,  and  over  every  living  thing  that  moveth 
upon  the  earth."  After  the  Hght  was  formed, 
the  bed  of  the  ocean  prepared,  and  the  waters 
separated  from  the  dry  land ;  after  luminaries 
were  placed  in  the  firmament,  and  plants  and 
animals  of  all  kinds  brought  into  existence, 
the  world  appeared  so  magnificently  adorned 
that  it  might  have  been  thought  perfect  and 
complete.  But  all  nature  was  yet  destitute 
of  sentiment  and  gratitude ;  there  were  no 
beings  capable  of  recognizing  the  Power  that 
formed  them,  or  of  praising  the  Author  of 
their  varied  enjoyments.  The  world  was  still 
in  a  state  of  imperfection,  till  an  intelligence 
was  formed  capable  of  appreciating  the  per- 
fections of  the  Creator,  of  contemplating  his 
works,  and  of  offering  to  him  a  tribute  of 
grateful  adoration.  Therefore  "God  created 
man  in  his  own  image,"  as  the  masterpiece 
of  creation,  the  visible  representative  of  his 
Maker,  and  the  subordinate  ruler  of  this  lower 
world. 

But  although  this  globe  was  created  chiefly 
for  the  residence  of  man,  it  was  not  destined 
solely  for  his  enjoyment.  It  is  impossible  for 
him  to  occupy  the  whole  of  its  surface,  or  of 
the  appendages  with  which  it  is  connected. 
There  are  extensive  marshes,  impenetrable 
forests,  deep  caverns,  and  the  more  elevated 
parts  of  lofty  mountains,  where  human  feet 
have  never  trod.  There  is  a  vast  body  of 
water  which  covers  more  than  two  thirds  of 
the  surface  of  the  globe,  and  the  greater  part 
of  the  atmosphere  which  surrounds  the  earth, 
which  men  cannot  occupy  as  permanent 
abodes.  Yet  these  regions  of  our  world  are 
not  left  destitute  of  inhabitants.  Numerous 
tribes  of  animals  range  through  the  unculti- 
vated desarts,  and  find  ample  accommodation 


suited  to  their  nature,  in  rocks  and  mountain®, 
in  dens  and  caves  of  the  earth.  The  regions 
of  the  air  are  filled  with  winged  creatures  of 
every  kind,  from  the  ostrich  and  the  eagle  to 
the  numerous  tribes  of  flying  insects  almost 
invisible  to  the  unassisted  eye.  The  ocean 
teems  with  myriads  of  inhabitants  which  no 
man  can  number,  of  every  form  and  size,  from 
the  mighty  whale  to  the  numerous  tribes  of 
Medusas^  of  which  several  thousands  of  bil-^ 
lions  are  contained  in  a  cubical  mile  of  water. 
Every  sea,  lake,  and  river  is  peopled  with  in- 
habitants ;  every  mountain  and  marsh,  every 
wilderness  and  wood,  is  plentifully  stocked 
with  birds,  and  beasts,  and  numerous  species 
of  insects,  all  of  which  find  ample  accommo- 
dation, and  every  thing  necessary  for  their 
comfort  and  subsistence.  In  short,  every  part 
of  matter  appears  to  be  peopled ;  almost  every 
green  leaf  and  every  particle  of  dust  has  ite 
peculiar  inhabitants.  Not  only  are  the  larger 
parts  of  nature  occupied  with  living  beings, 
but  even  the  most  minute  portions  of  matter 
teem  with  animated  existence.  Every  plant 
and  shrub,  and  almost  every  drop  of  water, 
contains  its  respective  inhabitants.  Their 
number,  in  some  instances,  is  so  great,  and 
their  minuteness  so  astonishing,  that  thou- 
sands of  them  are  connected  within  a  space 
not  larger  than  a  grain  of  sand.  In  some 
small  pools  covered  with  a  greenish  scum,  of 
only  a  few  yards  in  extent,  there  are  more 
hving  creatures  than  there  are  human  beings 
on  the  surface  of  the  whole  earth. 

Multitudes  of  animated  beings  are  found  in 
situations  and  circumstances  where  we  should 
never  have  expected  to  perceive  the  principle 
of  life.  The  juices  of  animals  and  plants, 
corrupted  matter,  excrements,  smoke,  dry 
wood,  the  bark  and  roots  of  trees,  the  bodies 
of  other  animals,  and  even  their  entrails,  the 
dunghill,  and  the  dirty  puddle,  the  itch,  and 
other  disorders  which  are  attended  with 
blotches  and  pimples,  and  even  the  hardest 
stones  and  rocks,  serve  to  lodge,  and  in  some 
measure  to  feed,  numerous  tribes  of  living 
beings.  The  nuniher  of  such  creatures  ex- 
ceeds all  human  calculation  and  conception. 
There  may  be  reckoned  far  more  than  a  hun- 
dred thousand  species  of  animated  beings, 
many  of  these  species  containing  individuals 
to  the  amount  of  several  hundreds  of  times' 
the  number  of  the  human  inhabitants  of  our 
globe.  It  is  supposed  by  some  that  the  tre- 
mulous motion  observed  in  the  air  during 
summer  may  be  produced  by  millions  of  in- 
sects swarming  in  the  atmosphere ;  and  it  has 
been  found  that  the  light  which  is  seen  on  the 
surface  of  the  ocean  during  the  nights  of  sum- 
mer is  owing  to  an  innumerable  multitude  of 
small  luminous  worms  or  insects  sporting  m 
the  waters.     All  the  numberless  species  v.t 
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animals  which  exist  on  the  different  depart- 
ments of  our  globe  are  likewise  infinitely 
diversified  in  their  forms,  organs,  senses, 
members,  faculties,  movements,  and  grada- 
tions of  excellence.  As  Mr.  Addison  has 
observed,  "  the  whole  chasm  of  nature,  from 
a  plant  to  a  man,  is  filled  up  with  divers  kinds 
of  creatures  rising  one  above  another  by  such 
a  gentle  and  easy  ascent,  that  the  little  tran- 
sitions and  deviations  from  one  species  to 
another  are  almost  insensible.  This  inter- 
mediate space  is  so  well  husbanded  and 
managed,  that  there  is  scarce  a  degree  of 
perception  which  does  not  appear  in  some 
,  one  part  of  the  world  of  life."  Here  we  have 
an  evidence  both  of  the  infinite  wisdom  and 
intelligence  of  the  Divine  Being,  and  of  his 
boundless  goodness  in  conferring  existence 
and  happiness  on  such  a  countless  multitude 
of  percipient  beings. 

Since,  then,  it  appears  that  every  portion 
of  matter  in  our  world  was  intended  for  the 
support  and  accommodation  of  animated  be- 
ings, it  would  be  absurd  in  the  highest  degree, 
and  inconsistent  with  the  character  of  the 
Deity  and  his  general  plan  of  operation,  to 
suppose  that  the  vast  regions  of  the  planets, 
so  exceedingly  more  expansive  than  our  globe, 
are  left  destitute  of  inhabitants.  Shall  one 
small  planet  be  thus  crowded  with  a  popular 
tion  of  percipient  beings  of  all  descriptions, 
and  shall  regions  four  hundred  times  more 
'  expansive  be  left  without  one  living  inhabit- 
ant ]  Can  the  Deity  delight  to  communicate 
enjoyment  in  so  many  thousands  of  varied 
forms  to  unnumbered  myriads  of  sensitive 
existences  in  our  terrestrial  sphere,  and  leave 
the  noblest  planets  of  the  system  without  a 
single  trace  of  his  benevolence'!  Can  we 
suppose,  for  a  moment,  that  while  his  wisdom 
shines  so  conspicuous  in  the  mechanism  of 
the  various  tribes  of  animals  around  us,  no 
similar  marks  of  intelligence  are  to  be  found 
in  other  regions  of  the  universe  1  Such  con- 
clusions can  never  be  admitted,  unless  we 
suppose  that  infinite  wisdom  and  goodness 
have  been  exhausted  in  the  arrangements 
which  have  been  made  in  relation  to  our 
world,  or  that  the  Great  Source  of  felicity  is 
indifferent  about  the  communication  of  hap- 
piness. 

As  far  as  our  observation  extends,  it  appears 
that  the  material  world  is  useless,  except  in 
MiQ  relation  it  bears  to  animated  and  intel- 
lectual beings.  Matter  was  evidently  framed 
for  the  purpose  of  mind;  and  if  we  could  sup- 
pose that  the  vast  masses  of  matter  in  the  hea- 
vens had  no  relation  to  mind,  they  must,  then, 
have  been  created  in  vain ;  a  supposition 
which  would  derogate  from  the  moral  charac- 
t(\r  and  the  perfections  of  Him  who  is  "  the 
only  wise  Gcd."     A  superior  nature  cannot 


be  supposed  to  be  formed  for  the  sake  of  as 
inferior.  A  skilful  artist  would  never  think 
of  designing  that  which  is  of  the  greatest  dig- 
nity, or  which  requires  the  utmost  precision 
and  the  nicest  mechanism,  for  the  sake  of  the 
inferior  part  of  his  workmanship.  He  does 
not  construct  the  wheels  and  pinions  of  an 
orrery  for  the  sake  of  the  handle  by  which 
they  are  moved,  or  of  the  pedestal  on  which 
the  instrument  stands ;  nor  does  he  contrive  a 
timepiece  merely  for  the  sake  of  the  shell  or 
case  in  which  it  is  to  be  inclosed.  In  like 
manner,  we  cannot  imagine  that  maji  was 
made  for  the  sake  of  the  brutes,  or  the  inferior 
animals  for  the  sake  of  vegetables,  or  the  yearly 
production  of  vegetables  for  the  relief  and  com- 
fort of  the  soil  on  which  they  grow.  This 
would  be  to  invert  the  order  of  the  universe, 
and  to  involve  us  in  the  most  palpable  ab- 
surdity. The  order  of  things  always  7ises  up-' 
ward,  by  gentle  and  regular  degrees,  from 
inanimate  matter,  through  all  the  gradations 
of  vegetable,  animal,  and  immaterial  existence, 
till  we  arrive  at  the  Eternal  and  Incompre- 
hensible Divinity.  Hence  it  appears  that  the 
earth  must  have  been  formed,  not  for  itself,  but 
for  the  sake  of  the  vegetable,  sensitive,  and  in- 
tellectual  beings  it  supports ;  and,  by  a  parity 
of  reasoning,  the  planets,  most  oi  which  are 
much  more  spacious  and  more  magnificently 
adorned,  must  have  been  formed  and  arranged 
for  the  sake  of  superior  natures, 

"Existence,"  as  a  certain  writer  has  ob- 
served, "  is  a  blessing  to  those  beings  only 
which  are  endued  with  perception,  and  is,  in 
a  manner,  thrown  away  upon  dead  matter  any 
further  than  as  it  is  subservient  to  beings 
which  are  conscious  of  their  existence."  Ac- 
cordingly we  find,  from  the  bodies  which  lie 
under  our  observation,  that  matter  is  only 
made  as  the  basis  and  support  of  living  beings, 
and  that  there  is  little  more  of  the  one  than 
what  is  necessary  for  the  existence  and  the 
ample  accommodation  of  the  other.  The  earth, 
as  to  amplitude  of  space,  would  contain  a 
hundred  times  the  number  of  animated  beings 
it  actually  supports ;  and  the  ocean  might  per- 
haps contain  thousands  more  than  what  are 
found  amid  its  recesses ;  but,  in  such  a  case, 
they  would  not  have  free  scope  for  their  move» 
ments,  nor  experience  all  the  comforts  and  ac- 
commodations they  now  enjoy. 

From  what  has  been  stated,  it  appears  that 
the  Divine  Goodness  is  of  so  communicative  a 
nature  that  it  seems  to  delight  in  conferring 
existence  and  happiness  on  every  order  of  per- 
ceptive beings,  and,  therefore,  has  left  no  part 
connected  with  the  world  in  which  we  live 
without  its  inhabitants ;  and  that  no  creature 
capable  of  feeling  the  pleasure  of  existence 
might  be  omitted  in  the  plan  of  benevolence, 
there  is  an  almost  infinite  diversity  in  ths 
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rsf!sk  and  order  of  percipient  existence.  The 
fecaie  of  sensitive  being  begins  with  those 
creatures  which  are  raised  just  above  dead 
matter.  Commencing  at  the  polypus  and  cer- 
tain species  of  shellfish,  it  ascends  by  numerous 
gradations  till  it  arrives  at  man.  How  far  it 
may  ascend  beyond  this  point  is  beyond  the 
limits  of  our  knowledge  to  determine.  Had 
only  one  species  of  animals  been  created,  none 
of  the  rest  would  have  enjoyed  the  pleasures 
of  existence.  But  in  the  existing  state  of 
things,  all  nature  is  full  of  enjoyment,  and  that 
enjoyment  endlessly  diversified,  according  to 
the  rank  and  the  percipient  powers  of  the  dif- 
ferent species  of  animated  existence.  It  would, 
therefore,  be  a  reflection  on  the  goodness  as 
well  as  on  the  wisdom  of  the  Divine  Being, 
were  we  to  suppose  that  no  traces  of  Divine 
beneficence  were  to  be  found  amid  the  ex- 
pansive regions  of  the  planetary  globes.  It 
would  form  a  perfect  contrast  to  the  operations 
of  Infinite  Benevolence,  as  displayed  in  our 
terrestrial  system,  and  would  almost  lead  us 
to  conclude  that  the  same  Almighty  Agent 
did  not  preside  in  both  these  departments  of 
the  universe.  But  we  may  rest  assured  that 
the  Deity  always  acts  in  harmony  with  his 
character  throughout  every  part  of  his  do- 
minions ;  and,  therefore,  we  may  confidently 
conclude  that  countless  multitudes  of  sensitive 
and  intellectual  beings,  far  more  numerous 
and  diversified  than  on  earth,  people  the  pla- 
netary regions. 

From  what  has  been  stated  on  this  subject, 
we  may  likewise  conclude  wdth  certainty  that 
the  planetary  worlds  are  not  peopled  merely 
with  animal  existences,  but  also  with  rational 
and  intellectual  natures.  ¥o\  the  scenes  dis- 
played in  most  of  the  planets  cannot  be  appre- 
ciated by  mere  sensitive  beings,  nor  are  they 
calculated  to  afford  them  any  gratification. 
Besides,  if  it  be  one  great  design  of  the  Cre- 
ator to  manifest  the  glory  of  his  perfections  to 
other  beings,  none  but  those  who  are  fur- 
nished with  rational  faculties  are  capable  of 
recognizing  his  attributes  as  displayed  in  his 
works,  and  of  offering  to  him  a  tribute  of 
thanksgiving  and  adoration.  Such  intelli- 
gences, we  have  every  reason  to  believe,  may 
far  surpass  the  human  race  in  their  intel- 
lectual powers  and  capacities.  There  is  an 
infinite  gap  between  man  and  the  Deity,  and 
we  have  no  reason  to  believe  that  it  is  entirely 
unoccupied.  There  is  a  regular  gradation 
from  inanimate  matter  and  vegetative  life 
through  all  the  varieties  of  animal  existence 
till  we  arrive  at  man.  But  we  have  no  rea- 
son to  believe  that  the  ascending  scale  termi- 
nates at  the  point  of  the  human  faculties,  un- 
less we  suppose  that  the  soul  of  man  is  the 
most  perfect  intelligence  next  to  the  Divinity. 
li  the  scale  oi  being  rises  by  such  a  regular 


process  to  man,  by  a  parity  of  reasoning  ws 
may  suppose  that  it  still  proceeds  gradually 
through  those  beings  that  are  endowed  with 
superior  faculties;  since  there  is  an  immensely 
greater  space  between  man  and  the  Deity  than 
between  man  and  the  lowest  order  of  sensitive 
existence.  And  although  we  were  to  conceive 
the  scale  of  intellectual  existence  above  man 
rising  thousands  of  times  higher  than  that 
which  intervenes  between  inanimate  matter 
and  the  human  soul,  still  there  would  be  an 
infinite  distance  between  the  highest  created 
inteUigence  and  the  Eternal  Mind  which  could 
never  be  overpassed.  It  is  quite  accordant 
with  all  that  we  know  of  the  perfections  and 
operations  of  the  Deity  to  conclude  that  such 
a  progression  of  intellectual  beings  exists 
throughout  the  universe ;  and,  therefore,  we 
have  reason  to  believe  that  in  some  of  the  pla- 
nets of  our  system  there  are  intellectual  na- 
tures far  superior,  in  point  of  mental  vigour 
and  capacity,  to  the  brightest  geniuses  that 
have  ever  appeared  upon  earth  ;  and  in  other 
systems  of  creation  the  scale  of  spiritual  pro- 
gression may  be  indefinitely  extended  far 
beyond  the  limits  to  which  human  imagina- 
tion can  penetrate.  In  the  contemplation  of 
such  scenes  of  percipient  and  intelligent  ex- 
istence, we  perceive  no  boundaries  to  the 
prospect;  the  mind  is  overwhelmed  amid  the 
immensity  of  being,  and  feels  itself  unable  to 
grasp  the  plans  of  Eternal  Wisdom,  and  the 
innumerable  gradations  of  intelligence  ovet 
which  the  moral  government  of  the  Deity  ex- 
tends; and,  therefore,  we  may  justly  conclude 
wonders  of  power,  wisdom,  and  benevolence 
still  remain  for  the  admiration  of  intellectual 
beings,  which  the  scenes  of  eternity  alone  ca»» 
disclose. 

Intellectual  beings  may  likewise  be  dis- 
tinguished into  those  which  are  linked  to 
mortal,  and  those  which  are  connected  with 
immortal  bodies.  In  the  present  state  of  our 
terrestrial  system  immortal  bodies  cannot 
exist.  Had  immortality  been  intended  for 
man  on  earth,  Infinite  Wisdom  would  have 
adopted  another  plan ;  for  the  constitution  of 
the  earth,  the  atmosphere,  and  the  waters,  is 
not  adapted  to  the  support  and  preservation  of 
immortal  beings ;  that  is,  of  those  intelligences 
which  inhabit  a  system  of  corporeal  organiza- 
tion. From  the  reciprocal  action  of  solids  and 
fluids,  of  earth,  air,  and  water,  life  results; 
and  this  A'-ery  action  continued,  according  to 
the  laws  which  now  operate,  is  the  natural 
cause  of  death,  or  the  dissolution  of  the  corpo- 
real system.  But  in  other  worlds  a  system  of 
means  may  be  adapted  for  preserving  in  per- 
petual activity,  and  to  an  indefinite  duration, 
the  functions  of  the  corporeal  machine  whic^* 
is  animated  by  the  intellectual  principle;  8^5 
would  probably  have  happened  \\\  the  case  o! 
2  X  (517) 
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man,  had  he  retained  his  original  moral  purity 
and  his  allegiance  to  his  Maker.  Intelligent 
beings  may  likewise  exist  which  are  destined 
to  pass  from  one  state  of  corporeal  organiza- 
tion to  another,  in  a  long  series  of  changes, 
advancing  from  one  degree  of  corporeal  per- 
fection to  another,  till  their  organical  vehicles 
become  as  pure  and  refined  as  light,  and  sus- 
ceptible of  the  same  degree  of  rapid  motion. 
The  butterfly  is  first  an  egg,  then  a  worm, 
afterward  it  becomes  a  chrysalis,  and  it  is  not 
before  it  has  burst  its  confinement,  that  it 
wings  its  flight,  in  gaudy  colours,  through  the 
air.  Man  is  destined  to  burst  his  mortal  coil, 
to  enter  a  new  vehicle,  and  at  last  to  receive 
a  body  "  incorruptible,  powerful,  glorious,  and 
immortal."  Varieties  analogous  to  these  may 
exist  throughout  other  regions  of  the  universe. 
If  there  are  not  in  nature  two  leaves  precisely 
alike,  or  two  trees,  two  cabbages,  two  cater- 
pillars, or  two  men  and  women  exactly  simi- 
lar in  every  point  of  view  in  which  they  may 
be  contemplated,  how  can  we  suppose  that 
there  can  be  two  planets  or  two  systems  of 
planets  exactly  alike,  or  that  the  corporeal  or- 
gans and  faculties  of  their  inhabitants  in  every 
respect  resemble  each  other]  Every  globe 
and  every  system  of  worlds  has  doubtless  its 
peculiar  econofny,  laws,  productions,  and  in- 
habitants. This  conclusion  is  warranted  from 
all  that  we  know  of  the  operations  of  the  Cre- 
ator ;  it  exhibits,  in  a  striking  point  of  view, 
the  depths  of  his  wisdom  and  intelligence,  and 
it  opens  to  immortal  beings  a  prospect  bound- 
less as  immensity,  in  the  contemplation  of 
which  their  faculties  may  be  for  ever  exer- 
cised, and  their  views  of  the  wonders  of  Cre- 
ating Power  and  wisdom  continually  extend- 
ing, while  myriads  of  ages  roll  away. 


In  the  preceding  pages  I  have  endeavoured 
to  illustrate  the  doctrine  of  a  plurality  of 
worlds,  from  the  considerations  that  there  are 
bodies  in  the  planetary  system  of  such  mag- 
nitudes as  to  afford  ample  scope  for  myriads 
of  inhabitants ;  that  there  is  a  general  simi' 
larity  among  all  the  bodies  of  the  system, 
which  afl^brds  a  presumptive  evidence  that 
they  are  intended  to  subserve  the  same  ulti- 
mate designs ;  that,  connected  with  the  planets, 
there  are  special  arrangements  which  indicate 
their  adaptation  to  the  enjoyment  of  sensitive 
and  intellectual  heings ;  that  the  scenery  of  the 
heavens,  as  viewed  from  the  surfaces  of  the 
larger  planets  and  their  satellites,  forms  a 
presumptive  proof  of  the  same  position  ;  and 
that  the  fact  that  every  part  of  nature  in  our 
world  is  destined  to  the  support  of  animated 
hdngs,  affords  a  powerful  argument  in  support 
®f  this  doctrine.  These  arguments,  when 
(5!8) 


viewed  in  all  their  bearings,  and  in  connexion 
with  the  wisdom  and  benevolence  of  the  Di- 
vine Being,  may  be  considered  as  amounting 
to  moral  demonstrations  that  the  planets  and 
their  satellites,  as  well  as  other  departments 
of  the  universe,  are  the  abodes  of  sensitive  and 
intelligent  natures.  These,  however,  are  not 
all  the  considerations  or  arguments  which 
might  be  brought  forward  in  proof  (f  this 
position.  Many  others,  founded  on  a  con- 
sideration of  the  nature  and  relations  of  things, 
and  the  attributes  of  the  Divinity,  and  par- 
ticularly some  powerful  arguments  derived 
from  the  records  of  Revelation,  might  have 
been  stated  and  particularly  illusi rated.  But 
I  shall  leave  the  further  consideration  of  this 
topic  to  another  volume,  in  which  we  shall 
take  a  survey  of  the  scenery  of  the  starry 
firmament,  and  of  other  objects  connected  with 
the  science  of  the  heavens. 

On  the  whole,  the  doctrine  of  a  plurality 
of  worlds  is  a  subject  of  considerable  import- 
ance, and  in  which  every  rational  being,  who 
is  convinced  of  his  immortal  destination,  is 
deeply  interested.  It  opens  to  our  view  a 
boundless  prospect  of  knowledge  and  felicity 
beyond  the  limits  of  the  present  world,  and 
displays  the  ineffable  grandeur  of  the  Divinity, 
the  magnificence  of  his  empire,  and  the  har- 
monious operation  of  his  infinite  perfections. 
Without  taking  this  doctrine  into  account,  we 
can  form  no  consistent  views  of  the  character 
of  Omnipotence  and  of  the  arrangements 
which  exist  in  the  universe.  Both  his  wis- 
dom and  his  goodness  might  be  called  in 
question,  and  an  idea  of  the  Supreme  Ruler 
presented  altogether  different  from  what  is 
exhibited  by  the  inspired  writers  in  the  records 
of  Revelation.  When,  therefore,  we  lift  our 
eyes  to  the  heavens,  and  contemplate  the 
mighty  globes  which  roll  around  us ;  when 
we  consider  that  their  motions  are  governed 
by  the  same  common  laws,  and  that  they  are 
so  constructed  as  to  furnish  accommodation 
for  myriads  of  perceptive  existence,  we  ought 
always  to  view  them  as  the  abodes  of  intelli- 
gence and  the  theatres  of  Divine  Wisdom  on 
which  the  Creator  displays  his  boundless  be- 
neficence; for  "his  tender  mercies,"  or  the 
emanations  of  his  goodness,  "  are  diffused  over 
all  his  works,^  Such  views  alone  can  solve 
a  thousand  doubts  which  may  arise  in  our 
minds,  and  free  us  from  a  thousand  absurdities 
which  we  must  otherwise  entertain  respecting 
the  Great  Sovereign  of  the  universe.  With- 
out adopting  such  views,  the  science  of  the 
heavens  becomes  a  comparatively  barren  and 
uninteresting  study,  and  the  splendour  of  the 
nocturnal  sky  conveys  no  ideas  of  true  sub- 
limity and  grandeur,  nor  is  it  calculated  to 
inspire  the  soul  with  sentiments  of  love  and 
adoration.     In  short,  there  appears  to  be  no 
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meJmm  between  remaining  in  ignorance  of  cognized,  the  bodies  in  the  heavens  become 

all  the  wonders  of  Power  and  Wisdom  which  the  noblest  objects  of  human  contemplation, 

appear  in  the  heavens,  and  acquiescing  in  the  the  Deity  appears  invested  with  a  character 

general  views  we  have  attempted  to  illustrate  truly  amiable  and  sublime,  and  a  prospect  m 

respecting  the  economy  of  the  planets,  and  opened  to  immortal  beings  of  a  perpetual  in- 

their  destination  as  the  abodes  of  reason  and  crease  of  knowledge  and  felicity,  throughout 

iiQteiligenceo     But,  when  such  views  are  re-  all  the  revolutions  of  an  interminable  existence. 


APPENDIX. 


PHENOMENA     OF    THE     PLANETS 
FOR  THE  YEAKS  1838,  1839. 

For  the  sake  of  those  readers  who  may 
feel  a  desire  occasionally  to  contemplate  the 
heavens  and  to  trace  the  motions  of  the  pla- 
netary orbs,  the  following  sketches  are  given 
of  the  positions  and  motions  of  the  planets  for 
two  years  posterior  to  1837, 


POSITIONS,  ETC.,  OF  THE  PLAIfETS  TOll  1838. 

1.  The  Planet  Mercury, 

This  planet  can  be  seen  distinctly  by  the 
Baked  eye  only  about  the  time  of  its  greatest 
elongation ;  and  to  those  who  reside  in  north- 
ern latitudes  it  will  scarcely  be  visible,  even  at 
such  periods,  if  it  be  near  the  utmost  point  of 
its  southern  declination. 

The  following  are  the  periods  of  its  greatest 
elongation  for  1838 :  January  the  3d  it  is  at 
its  eastern  elongation,  when  it  is  19^  degrees 
least  from  the  sun,  and  will  be  seen  in  the 
evening  about  thirty  or  forty  minutes  after 
sunset,  near  the  south-west,  at  a  little  distance 
from  the  point  where  the  sun  went  down. 
But  as  it  is  then  in  20°  41^  of  south  declina- 
tion, its  position  is  not  the  most  favourable 
for  observation.  Its  next  greatest  elongation 
is  on  February  12,  when  it  is  26°  10'  to  the 
wetst  of  the  sun,  and  will  be  seen  in  the  morn- 
ing, before  sunrise,  near  the  south-eastern 
q\T^rter  of  the  horizon.  April  25  it  will  again 
be  seen  in  the  evening  at  its  eastern  elonga- 
tion, 20°  20'  east  of  the  sun,  when  it  is  in 
21°  43'  of  north  declination.  It  will  be  seen 
at  this  time  about  15  degrees  north  of  the 
western  point  of  the  horizon,  almost  immedi- 
ately above  the  place  where  the  sun  went 
down.  During  five  days  before  and  after  the 
time  now  specified  there  will  be  favourable 
«>ppoj-tunities  for  detecting  Mercury  with  the 


naked  eye  or  with  a  small  opera-glass.  On 
June  12  is  its  greatest  western  elongation,  at 
which  time  it  is  23°  5'  west  of  the  sun,  and 
is  to  be  looked  for  in  the  morning,  before 
sunrise,  near  the  north-eastern  part  of  the  ho- 
rizon ;  but  the  strong  twilight  at  this  season 
will  probably  prevent  it  from  being  distin- 
guished by  the  naked  eye.  Its  next  greatest 
eastern  elongation  is  on  August  23,  when  it 
is  27^  degrees  from  the  sun.  It  will  be  seen, 
for  nearly  an  hour  after  sunset,  a  little  to  the 
south  of  the  western  point  of  the  compass,  and 
a  few  degrees  above  the  horizon.  It  may  be 
seen  during  ten  or  twelve  days  before  the 
period  here  stated,  and  six  or  eight  days  after 
it.  This  will  form  one  of  the  most  favourable 
periods  which  occur  throughout  this  year  for 
observing  Mercury.  October  4  it  will  again 
be  at  its  greatest  western  elongation,  when  it 
will  be  seen  in  the  Wyoming  in  a  direction 
nearly  due  east.  December  17  it  is  at  its 
greatest  eastern  elongation,  but  its  southern 
declination  being  then  more  than  24  degrees,  it 
will  set  in  the  S.  W.  by  S.  point  of  the  com- 
pass a  few  minutes  after  the  sun,  and  will 
consequently  be  invisible  to  the  naked  eye. 

The  periods  most  favourable  for  detecting 
this  planet  in  the  evenings  are  April  25  and 
August  23 ;  and  in  the  7no7mings,  February 
12  and  October  4.  During  the  interval  of  a 
week  or  ten  days,  both  before  and  after  the 
time  of  the  greatest  elongation,  the  planet  may 
generally  be  seen  in  a  clear  sky,  when  in  such 
favourable  positions  as  those  now  stated. 

2.   The  Planet  Venus. 

This  planet  will  appear  as  an  evening  star 
during  the  months  of  January  and  February. 
About  the  beginning  of  January  it  will  be 
seen  near  the  south-west  quarter  of  the  hea- 
vens a  few  minutes  after  sunset.  About  the 
beginning  of  February  it  will  set  nearly  due 
west.     It  will  be  visible  in  the  evening  till 
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about  the  25th  of  February,  after  which  its 
nearness  to  the  sun  will  prevent  it  from  bein^ 
distinguished.  Throughout  the  whole  of  its 
course  during  these  two  months  it  will  appear 
of  the  figure  of  a  crescent  when  viewed  with 
a  telescope,  and  the  crescent  will  appear  most 
slender  about  the  end  of  February  (see  Fig. 
12,  p.  38.)  On  March  5  it  passes  its  inferior 
conjunction  with  the  sun,  after  which  it  will 
be  no  longer  seen  in  the  evenings  for  the  space 
of  ten  months.  It  then  becomes  a  morning 
star;  and,  about  eight  days  after  its  conjunc- 
tion, will  be  seen  in  the  morning,  before  sun- 
rise, a  little  to  the  south  of  the  eastern  point 
of  the  horizon.  From  this  period  till  near  the 
middle  of  May  it  will  appear  of  a  crescent 
form.  Its  greatest  brilliancy  will  be  on  April 
10 ;  its  greatest  elongation  from  the  sun  on 
May  14,  when  it  will  appear  of  nearly  the 
form  of  a  half  moon,  and  its  superior  con- 
junction on  December  18,  soon  after  which  it 
will  again  be  seen  as  an  evening  star. 

The  brilliancy  of  this  planet  is  such  that  it 
can  scarcely  be  mistaken  by  any  observer, 
especially  when  its  position  in  the  heavens  is 
pointed  out. 

3.  The  Planet  Mars. 

This  planet  will  not  be  much  noticed  by 
common  observers  till  near  the  end  of  the  year. 
About  the  beginning  of  March  it  is  in  conjunc- 
tioa  with  the  sun,  when  it  is  furthest  from  the 
earth,  about  a  month  or  two  before  and  after 
which  period  it  is  scarcely  distinguishable  from 
a  small  star.  From  April  to  December  it  will 
be  visible  only  in  the  morning,  in  an  easterly 
direction  ;  but  its  apparent  size  will  gradually 
increase  till  the  end  of  the  year.  It  is  distin- 
guished from  the  fixed  stars  and  from  the  other 
planets  by  its  ruddy  appearance. 

4.  TJie  Planets   Vesta,  JunOf   Ceresy  and 
Pallaso 

These  planets  are  not  perceptible  by  the 
naked  eye.  The  best  time  for  observing  them 
with  telescopes  is  when  they  are  at  or  near 
the  period  of  their  opposition  to  the  sun,  when 
they  are  nearest  the  earth,  and  even  then  it 
will  be  difficult  to  detect  them  without  the  as- 
sistance of  transit  ix  equatorial  instruments. 

Vesta  will  he  in  opposition  to  the  sun  on 
the  29th  December,  its  right  ascension  being 
(5h  31/  47//^  and  its  declination  22°  4^'  north. 
At  midnight  it  will  be  due  south,  at  an  eleva- 
tion of  60  degrees  above  the  horizon,  in  the 
latitude  of  52  degrees  north,  about  15  degrees 
to  the  south-west  of  the  star  Pollux,  and  7^ 
degrees  north  of  Garama  Gemini. 

Juno  is  in  opposition  on  the  17th  June,  in 
020) 


right  ascension  17'^46|',  and  south  declina 
tion  4^*^.  It  will  be  on  the  meridian  at  mid' 
night,  at  an  elevation  of  33|^  degrees  abova 
the  southern  horizon. 

Neither  Ceres  nor  Pallas  will  be  in  opposi- 
tion to  the  sun  during  this  year. 

5.  The  Planet  Jupiter, 

This  planet  will  make  a  very  conspicuous 
appearance  in  the  heavens  during  the  wintef 
and  spring  mouths.  About  the  beginning  of 
January  it  will  rise,  a  little  to  the  north  of  the 
eastern  point  of  the  horizon,  a  few  minutes 
after  ten  o'clock  in  the  evening,  and  will  pass 
the  meridian,  at  an  elevation  of  43|  degrees, 
about  half  past  four  in  the  morning.  About 
the  middle  of  February  it  will  rise  about  seven 
in  the  evening,  nearly  in  the  same  direction, 
and  will  come  to  the  meridian  about  half  past 
one  in  the  morning.  During  the  months  of 
January  and  February  it  will  be  seen  either 
in  the  evenings  or  the  mornings.  About  the 
middle  of  January  it  will  be  seen,  in  a  south- 
westerly direction,  about  six  o'clock  in  the 
morning.  From  the  beginning  of  March  till 
the  end  of  August  it  will  be  seen  in  the  even- 
ings without  interruption  when  the  sky  is 
clear.  On  the  22d  September  it  is  in  conjunc- 
tion with  the  sun,  but  it  will  seldom  be  noticed 
for  a  month  before  this  period.  During  the 
months  of  November  and  December  it  will  be 
again  seen  in  the  east,  only  in  the  morning, 
some  time  before  the  rising  of  the  sun. 

This  planet  can  scarcely  be  mistaken,  as  it 
is  next  to  Venus  in  apparent  magnitude  and 
splendour.  It  will  appear  most  brilliant  about 
the  beginning  of  March,  when  it  is  in  opposi- 
tion to  the  sun,  and  its  satellites  and  belts  will 
present  an  interesting  sight  when  viewed  with 
a  good  telescope.  At  present  (November  22, 
1837,)  four  belts,  nearly  equidistant  from  each 
other,  are  distinctly  visible  with  a  power  of  200 
times.  Their  appearance  is  very  nearly  simi- 
lar to  what  is  represented  in  Fig.  56,  p.  81, 
so  that  a  considerable  change  has  taken  place 
in  their  appearance  since  last  June,  when  they 
appeared  nearly  as  in  Fig.  52,  p.  77.  At 
that  time  the  iniddle  belt  was  the  only  one 
easily  perceptible,  while  the  other  two,  at  the 
north  and  south  extremities,  appeared  ex- 
tremely faint  and  obscure.  At  present  all  the 
four  belts  are  distinctly  marked. 

6.  The  Planet  Saturn. 

This  planet  passed  its  conjunction  with  the 
sun  on  the  12th  November,  1837.  From  the 
beginning  of  the  year  till  about  the  middle  of 
April  it  will  be  visible  chiefly  in  the  mornings. 
On  the  first  of  January  it  will  rise  near  the 
south-east,  about  twenty  minutes  past  four  la 
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the  monimg:,  and  will  pass  the  meridian  about 
forty- eight  minutes  past  eight,  at  an  elevation 
of  21  degrees  above  the  southern  horizon.  On 
the  first  of  April  it  will  rise  at  half  past  ten 
in  the  evening,  and  about  midnight  will  be 
9een  near  the  soath-east  about  10  or  12  degrees 
above  the  horizon.  From  this  period  Saturn 
will  be  visible  in  the  evenings  till  near  the 
end  of  October,  rising  every  evening  at  an 
earlier  hour  than  on  the  preceding.  On  the 
1 6th  May  it  is  in  opposition  to  the  sun,  when 
it  will  rise  near  the  south-east  at  half  past 
seven,  and  come  to  the  meridian  at  midnight. 
During  the  months  of  August,  September,  and 
October,  it  will  be  seen  chiefly  in  the  south- 
west quarter  of  the  heavens  after  sunset,  at  a 
small  elevation  above  the  horizon.  It  will  be 
very  perceptible  during  September  and  Octo- 
ber, on  account  of  its  low  altitude  at  sunset. 
It  will  be  in  conjunction  with  the  sun  on  the 
2ith  November. 

This  planet  is  not  distinguished  for  its  bril- 
liancy to  the  naked  eye,  though  it  exhibits  a 
beautiful  appearance  through  the  telescope.  It 
is  of  a  dull  leaden  colour,  and  is  not  easily 
distinguished  from  a  fixed  star  except  by  the 
steadiness  of  its  light,  never  presenting  a 
twinkling  appearance  as  the  stars  do,  and  from 
which  circumstance  it  may  be  distinguished 
from  neighbouring  stars.  The  best  times  for 
telescopic  observations  on  this  planet  will  be 
in  the  months  of  April  and  May,  when  its 
ring  will  appear  nearly  as  represented  in  Fig. 
63,  p.  91. 

7.  77ie  Planet  UranuSo 

This  planet  is,  for  the  most  part,  invisible 
to  the  naked  eye.  The  best  time  for  detecting 
it,  by  means  of  a  telescope,  is  when  it  is  at  or 
near  the  period  of  its  opposition  to  the  sun, 
which  happens  on  the  3d  September.  At  that 
time  it  passes  the  meridian  at  midnight,  at  an 
elevation  of  about  30 1  degrees  above  the  hori- 
zon. It  is  situated  nearly  in  a  straight  line 
between  the  star  Fomalhaut  on  the  south  and 
Markab  on  the  north,  being  nearly  in  the  mid- 
dle of  the  line,  about  22^  degrees  distant  from 
each.  It  is  in  the  neighbourhood  of  several 
small  telescopic  stars.  On  account  of  its  slow 
motion,  its  position  in  respect  to  the  above 
stars  will  not  be  much  altered  for  a  month  or 
two.  On  the  1st  November  it  passes  the 
meridian  at  eight  o'clock  in  the  evening.  Its 
ris^ht  ascension,  or  distance  from  the  first  point 
of  Aries,  is  then  22'^  42',  and  its  decHnation 
9^^  4'  south. 

N.  B. — In  the  above  statements  the  obser- 
ver is  supposed  to  be  in  fifty-two  degrees  north 
latitude.  In  places  a  few  degrees  to  the  north 
or  south  oi  this  latitude,  a  certain  allowance 


must  be  made  for  the  times  of  rising,  and  the 
altitudes  which  are  here  specified.  To  those 
who  reside  in  lower  latitudes  than  fifty-two 
degrees,  the  altitudes  of  the  different  bodies 
will  be  higher,  and  to  those  in  higher  latitudes 
the  altitudes  above  the  horizon  will  be  hwer 
than  what  is  here  stated. 


PHENOMENA  OF  THE  PLANEIS 
FOR  1839. 

1.  Mercury* 

The  greatest  western  elongation  of  this 
planet  happens  on  the  26th  of  January,  when 
it  is  24°  50'  west  of  the  sun.  It  will  be  seen 
near  the  south-east  a  little  before  seven  in  the 
morning.  On  the  seventh  of  April,  and  a 
few  days  before  and  after  it,  it  will  be  seen  in 
the  evening  in  a  direction  west  by  north.  On 
the  24th  of  May  it  will  be  seen  in  the  morn- 
ing, in  a  direction  a  little  to  the  north  of  the 
eastern  point,  before  sunrise.  Its  next  elonga- 
tion will  happen  on  the  fifth  of  August,  when 
it  is  twenty -seven  and  one-third  degrees  dis- 
tant from  the  sun.  At  this  period,  and  a 
fortnight  before  and  a  little  after,  it  will  be 
seen  near  the  w^est  point,  or  a  little  north  of 
it,  about  nine  o'clock  in  the  evening  or  a  few 
minutes  before  it.  This  will  be  a  favourable 
opportunity  for  distinguishing  this  planet  with 
the  naked  eye.  It  will  be  again  seen  in  the 
morning,  about  five  o'clock,  a  little  to  the  north 
of  the  east  point,  on  September  18.  Its  next 
greatest  elongation  will  be  on  the  30th  of  No- 
vember, when  it  will  appear  in  a  direction 
south-west  by  south  about  the  time  of  sunset 
This  will  be  a  very  unfavourable  position  for 
attempting  to  distinguish  Mercury.  It  passes 
its  inferior  conjunction  with  the  sun  on  the 
18th  December. 

2.  Venus, 

This  planet  will  be  an  evening  star  from 
the  beginning  of  the  year  till  6th  October, 
when  it  passes  its  inferior  conjunction  with  the 
sun.  It  will  not,  however,  be  much  noticed 
till  about  the  beginning  of  March,  on  account 
of  its  nearness  to  the  sun  and  its  southern 
declination.  It  will  appear  most  brilliant 
during  the  months  of  May,  June,  July,  Au- 
gust, and  beginning  of  September,  when  it 
will  be  seen  at  a  considerable  elevation  in 
the  western  and  north-western  quarter  of  the 
heavens  a  few  minutes  after  sunset.  About 
the  middle  of  October,  or  a  few  days  before,  it 
will  appear  as  a  morning  star  near  the  south" 
eastern  quarter  of  the  sky,  and  will  continue 
as  a  morning  star  till  near  the  end  of  the  year 
2x2  (521) 
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3.  Mars. 

During  the  months  of  February,  March,  and 
April,  this  planet  will  appear  in  its  greatest 
lustre.  It  will  be  in  opposition  to  the  sun  on 
the  12th  March,  at  which  period  it  is  nearest 
to  the  earth,  and  will  appear  twenty-five  times 
larger  in  surface  than  in  the  opposite  part  of 
its  orbit.  At  this  period  it  will  rise  about  half 
past  five  in  the  evening,  a  little  to  the  north  of 
the  east  point,  and  will  come  to  the  meridian 
at  midnight,  at  an  altitude  of  forty-five  de- 
grees. It  will  be  easily  distinguished  from 
the  neighbouring  stars  by  its  size  and  its  ruddy 
appearance.  At  this  time  the  planet  Jupiter 
will  appear  in  a  direction  about  twenty-two 
degrees  south-east  of  Mars.  From  the  month 
3f  May  till  the  end  of  the  year  Mars  will  be 
visible  in  the  evenings,  but  its  apparent  size 
will  be  gradually  diminishing,  and,  on  account 
of  its  southern  declination,  will  not  be  much 
noticed  after  the  month  of  September.  On  the 
19th  July,  at  forty-six  minutes  past  nine 
o'clock  in  the  evening,  Mars  and  Jupiter  will 
he  in  conjunction,  at  which  time  Mars  will  be 
one  degree  and  a  half  to  the  south  of  Jupiter. 
They  will  then  be  seen  near  the  western 
point,  at  a  small  elevation  above  the  horizon. 

4.   Vesta,  Juno,  Ceres,  and  Pallas. 

Juno  arrives  at  its  opposition  to  the  sun  on 
the  13th  October,  at  1^  32'  p.m.  It  passes 
the  meridian  at  midnight,  or  at  12''  2-^',  at  an 
altitude  of  34°  21',  and  is  then  about  twelve 
degrees  west  of  the  star  Mira,  Declination 
3°  39'  south,  and  right  ascension,  1''  26', 

Pallas  is  in  opposition  to  the  sun  April  1, 
at  7^^  10'  A.M.  Right  ascension  13^  12' 42". 
Declination  14°  21'  ?iorth.  It  passes  the  me- 
ridian a,t  midnight,  at  an  elevation  of  52°  22'. 
It  will  then  be  about  fourteen  degrees  south- 
west from  the  bright  star  Arcturas. 

Ceres  is  in  opposition  April  6,  at  7''  8' 
P.M.  Right  ascension  13^^  23'  40".  Decli- 
nation 7°  54'  north.  It  passes  the  meridian 
at  midnight,  at  an  altitude  of  nearly  forty-six 
degrees.  It  will  then  be  seen,  by  means  of  a 
telescope,  at  about  twelve  degrees  south-west 
from  Arcturus. 

The  planet  Vesta  is  not  in  opposition  to  the 
sun  this  year. 

5.  Jupiter. 

During  the  months  of  January  and  Febru- 
ary this  planet  will  be  chiefly  seen  in  the 
morning.  On  the  12th  January  it  rises  about 
midnight,  a  little  to  the  south  o^  the  eastern 
point  of  the  horizon,  and  comes  to  the  meri- 
dian at  forty  minutes  past  five  in  the  morning, 
at  an  altitude  of  about  thirty-two  degrees.  On 
the  12th  March  it  rises  »t  eight  in  the  evening, 
(522) 


and  will  be  seen  near  the  south-east  part  of  th« 
heavens  about  eleven  and  twelve  o'clock, 
P.M.  On  the  3d  April,  it  is  in  opposition  to 
the  sun,  when  it  rises  about  half  past  six, 
P.M.,  and  comes  to  the  meridian  about  mid- 
night. From  this  period  it  will  form  a  con- 
spicuous object  in  the  evening  sky  till  near  the 
end  of  September.  It  arrives  at  its  conjunc- 
tion with  the  sun  on  the  22d  October,  after 
which  it  will  be  seen  only  in  the  morning 
throughout  the  month  of  December  and  the 
latter  part  of  November.  On  the  20th  March, 
at  one  o'clock  in  the  morning,  all  the  satellites 
of  Jupiter  will  appear  on  the  east,  or  right 
hand  side  of  the  planet,  in  the  order  of  their 
distances  from  Jupiter.  The  same  phenome- 
non will  happen  on  August  1,  at  forty -five 
minutes  past  eight,  and  20th  September,  at 

7''  P.M. 

6.  Saturn. 

This  planet  will  be  visible  only  in  the  morn- 
ing during  the  months  of  January,  February, 
and  March,  and  will  then  be  seen  towards  the 
southern  and  south-eastern  parts  of  the  sky. 
On  the  first  of  February  it  will  rise,  about 
half  past  two  in  the  morning,  near  the  south- 
east, and  will  come  to  the  meridian  at  forty- 
nine  minutes  past  seven,  at  an  elevation  ot 
eighteen  degrees  above  the  horizon.  On  the 
first  of  April  it  will  rise  at  forty-two  minutes 
past  eleven  in  the  evening,  and  will  pass  the 
meridian  a  few  minutes  before  four  in  the 
morning.  It  will  be  in  opposition  to  the  sun 
on  the  29th  May,  when  it  will  rise  in  the 
south-east  at  forty-five  minutes  past  seven 
P.M.,  and  will  pass  the  meridian  at  midnight, 
at  an  altitude  of  eighteen  and  a  half  degrees 
above  the  southern  point  of  the  horizon.  This 
will  be  a  favourable  opportunity  for  viewing 
its  ring  with  good  telescopes,  when  it  will  ap- 
pear nearly  in  its  full  extent,  as  represented 
Fig.  65,  p.  91.  From  this  period  Saturn 
will  generally  be  visible  in  the  evening  till 
about  the  end  of  October,  when  its  low  alti- 
tude and  its  proximity  to  the  sun,  will  pre- 
vent its  being  distinguished  by  the  naked  eye. 
About  the  middle  of  August,  at  nine  o'clock 
in  the  evening,  it  will  be  seen  near  the  south- 
west at  a  small  elevation  above  the  horizon. 
It  will  be  in  conjunction  with  the  sun  on  the 
fifth  December,  after  which  it  will  be  invisible 
to  the  naked  eye  till  the  beginning  of  1840. 

7.   Uranus. 

This  planet  will  be  in  opposition  to  the 
sun  on  the  7th  of  September,  at  30  minutes 
past  seven  in  the  evening.  Right  ascension 
23^  4',  or  346°  east  from  the  point  of  Aries, 
reckoned  on  the  equator.  South  declinatioii 
6°  52^'.    It  will  come   to  the  merklian  ai 
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midnight  at  an  elevation  of  31*^  8^  above  the  form  common  observers  as  to  the  seasons  ol 

horizon.     At  this  time  it  is  in  the  immediate  the  year  when  the  different  planets  may  be 

vicinity  of  the  star  Fhi,  Aquarii.     On  the  seen,  and  the  quarters  of  the  heavens  to  which 

25th  of  August,  at  30  minutes  past  one  in  the  they  are  to  direct  tiieir  attention  in  order  to 

morning,  it  is  in  conjunction  v/ith  this  star,  distinguish  them. 

being  only  15^  or  one  quarter  of  a  degree  to  It  may  not  be  improper  to  observe,  that 
the  north  of  it,  at  which  time  the  planet  and  the  planets  in  general  cannot  be  distin- 
tlie  star,  if  viewed  with  a  telescope  of  mode-  guished  by  the  naked  eye  for  about  a  month 
rate  power,  will  both  appear  in  the  field  of  before  and  after  their  conjunctions  with  the 
view.  The  months  of  August,  September,  Oc-  sun,  except  Fewws,  which  may  frequently  be 
tober,  and  November  will  be  the  most  eligible  seen  within  a  week  before  and  after  its  infe- 
periods  for  detecting  this  planet  with  the  tele-  rior  conjunction.  But  this  planet  'will  some- 
scope.  On  the  1st  of  November  it  passes  the  times  be  invisible  to  the  naked  eye  for  a 
meridian  at  15  minutes  past  eight  in  the  even-  month  or  two  after  its  supeiior  conjunction 
ing,  at  an  altitude  of  30^  degrees.  with  the  sun. 

Should  the  above  descriptions  of  celestial 

N.  B. — -The  preceding  descriptions  of  pla-  phenomena  prove  acceptable  to  general  read- 

aetary  phenomena  are  cMsliy  intended  to  in-  ers,  they  may  be  continued  in  future  years. 
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PREFACE. 


The  favourable  reception  which  the  volume  entitled  "  Celestial  Sceneiiy"  has 
met  with  from  the  public,  both  in  Britain  and  America,  has  induced  the  Author  to 
extend  his  survey  to  other  sublime  scenes  connected  with  the  science  of  Astronomy 
The  chief  object  of  the  work  alluded  to  was  to  illustrate,  more  fully  than  had  pre- 
viously been  attempted,  the  scenes  connected  with  the  planetary  system.  In  the 
present  volume,  the  Author  has  directed  the  attention  of  his  readers  to  scenery  of  a 
still  more  elevated  and  sublime  description,  connected  with  the  **  Sidereal  Heavens/' 
All  the  facts  related  to  this  subject,  which  can  be  considered  as  interesting  to  gene- 
ral readers,  have  been  particularly  detailed,  and  in  such  a  manner  as  to  be  generally 
comprehensible  by  those  who  have  little  knowledge  of  mathematical  science,  or  the 
more  abstruse  parts  of  astronomy. 

In  describing  such  sublime  scenes  as  are  here  unfolded,  the  Author,  as  on  former 
occasions,  has  freely  indulged  in  such  remarks  and  moral  reflections  as  were 
naturally  suggested  by  the  grandeur  of  his  subject ;  and  has  endeavoured  to  lead 
the  minds  of  his  readers  to  the  contemplation  of  the  attributes  and  the  agency  of 
that  Almighty  Being,  by  whom  the  vast  system  of  universal  nature  v/as  at  first 
brought  into  existence,  and  by  whose  superintending  care  it  is  incessantly  conduct- 
ed in  all  its  movements. 

The  subject  of  a  plurality  of  worlds  has  been  resumed,  and  additional  arguments, 
both  from  reason  and  revelation,  have  been  brought  forward  so  as  to  exhibit  this 
position,  not  merely  as  conjectural  or  highly  probable,  but  as  susceptible  of  moral 
demonstration.  For  the  gratification  of  amateur  observers  possessed  of  telescopes, 
particular  descriptions  have  been  given  of  the  positions  or  some  of  the  more  remark- 
able phenomena  in  the  sidereal  heavens,  that  they  may  be  induced  to  contemplate 
them  with  their  own  eyes.  For  a  similar  reason  the. Author  has  described  the 
various  aspects  of  the  heavens  throughout  the  year,  and  the  position  of  the  planets 
for  1840  and  1841.  As  the  subject  of  cornets  was  unavoidably  omitted  in  the  pre- 
ceding volume,  the  author  has  condensed,  in  the  concluding  chapter,  the  greater 
part  of  the  facts  which  have  been  ascertained  respecting  the  nature,  phenomena,  and 
influence  of  those  anomalous  bodies. 

It  was  originally  intended,  had  the  limits  of  the  present  volume  permitted,  to 
direct  the  attention  of  the  student  to  other  subjects  related  to  the  scenery  of  the 
heavens,  and  to  the  construction  and  application  of  some, of  those  instruments  which 
are  devoted  to  celestial  observations.  Should  the  work  now  published  meet  with 
a  favourable  reception,  the  Author  intends — in  a  smaller  volume  than  the  present-^ 
to  elucidate  some  of  the  subjects  to  which  he  alludes,  especially  the  following:-— 
the  construction  and  use  of  optical  instruments,  particularly  the  reflectipg  and  achro- 
matic telescope,  and  the  equatorial.     As  the  Author  has  performed  a  great  variety 
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of  experiments  in  relation  to  such  instruments,  he  hopes  to  have  it  in  his  power  to 
sug-^est  some  new  and  useful  hints  in  reference  to  their  construction  and  improve^ 
ment.  The  doctrine  of  eclipses  and  occultations,  the  precession  of  the  equinoxes, 
&c. — the  construction  of  observatories,  and  the  manner  of  using  astronomical  instru- 
ments,—the  desiderata  in  astronomij,  and  the  means  by  which  the  progress  of  the 
science  may  be  promoted, —the  practical  utility,  physical  and  moral,  of  astronomi- 
cal studies,-— their  connexion  with  religion,  and  the  views  they  unfold  of  the  attri- 
butes and  the  empire  of  the  Creator,  with  several  other  correlative  topics,  will  like- 
wise be  the  subject  of  consideration.  The  wliole  to  be  illustrated  with  appropiiate 
engravings,  many  of  which  will  be  original. 

Brought Y  Ferry,  near  Dundee,  i 
January  24,  1840.  | 
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INTRODUCTIONo 


Iir  a  work  lately  published  under  the  title 
of  "  Celestial  Sceis-eut,"  I  endeavoured  to 
exhibit  a  pretty  full  display  of  all  the  promi- 
nent facts  connected  with  the  motions,  dis- 
tances, magnitudes,  and  other  phenomena  of 
the  planets,  both  primary  and  secondary,  and 
of  the  observations  and  reasonings  by  which 
they  are  supported.  These  bodies  forming  a 
part  of  the  solar  system  to  which  we  belong, 
and  lying  within  the  limits  of  measurable  dis- 
tance, can  be  more  distinctly  surveyed,  and 
their  magnitudes  and  other  phenomena  more 
accurately  investigated,  than  those  of  the  re- 
moter orbs  of  the  firmament.  Hence,  in  con- 
sequence of  the  accurate  observations  of  mo- 
dem times,  we  can  now  speak  with  a  degree 
of  certainty  and  precision  respecting  their 
order  and  arrangement,  their  periodical  revo- 
lutions, their  distances  from  the  sphere  we 
occupy  and  from  the  centre  of  the  system, 
their  real  bulk,  the  appearance  of  their  sur- 
faces, and  the  objects  which  diversify  their 
respective  firmaments.  But  when  we  pass 
the  boundary  of  the  planetary  system,  and 
attempt  to  explore  the  orbs  which  lie  beyond 
it,  we  have  to  travel,  as  it  were,  through  dark 
and  pathless  regions,  we  have  to  traverse  an 
immense  inter\'al  which  has  hitherto  baffled 
all  the  efforts  of  human  science  and  ingenuity 
to  determine  its  extent.  The  fixed  stars  lie 
completely  beyond  the  dominions  of  the  sun ; 
they  feel  not  his  attractive  influence,  they  re- 
volve not  around  him  as  a  centre,  nor  are 
they  enlightened  by  his  effulgence.  It  fol- 
lows that  our  knowledge  of  those  remote  lu- 
minaries must  be  extremely  imperfect,  and 
our  views  of  the  distant  regions  in  which 
they  are  placed  comparatively  limited  and  ob- 
scure. 

But  notwithstanding  the  immeasurable 
distance  of  the  starry  regions,  and  the  limited 
nature  of  human  vision,  we  are  not  altogether 
ignorant  of  those*remote  and  unexplored  do- 
minions of  Omnipotence,  or  of  the  magnitude 


and  splendour  of  the  bodifcs  they  contain. 
The  telescope  has  enabled  us  to  penetrate  the 
vast  spaces  of  the  universe,  and  has  opened  a 
vista  through  which  thousands  of  suns  and 
systems  are  distinctly  beheld,  which  would 
othei-wise  have  been  for  ever  veiled  fi'om  the 
view  of  mortals.  It  has  extended  the  bound- 
aries of  our  vision  thousands  of  times  beyond 
its  natural  limits,  and  collected  the  scattered 
rays  of  light  from  numerous  distant  orbs, 
which,  without  its  assistance,  would  neveT 
have  entered  our  eyes.  It  has  served  the 
purpose  of  a  celestial  vehicle  to  carry  us  to- 
wards the  heavens,  and  has  produced  the  same 
effect  on  our  visual  powers  as  if  we  had  been 
actually  transported  thousands  of  millions  of 
miles  nearer  the  unexplored  territories  of  cre- 
ation. Guided  by  this  noble  instrument, 
scenes  and  objects  have  been  disclosed  to  view 
of  which  former  generations  could  form  no 
conception,  and  which  lead  the  reflecting 
mind  to  the  most  elevated  views  of  the  per- 
fections of  the  Deity,  and  to  the  most  expan- 
sive prospects  of  the  grandeur  and  magnificence 
of  his  empire. 

For  a  considerable  period  after  the  true 
system  of  the  world  was  recognized,  astrono- 
mei%  were  disposed  to  consider  the  stars  as  so 
many  insulated  luminaries,  scattered  almost 
at  random  throughout  the  vast  spaces  of  the 
universe.  Having  engaged  in  no  very  exten- 
sive surveys  of  the  celestial  vault,  and  resting 
contented  with  the  idea  that  the  stars  were 
so  many  suns,  dispersed  in  a  kind  of  magni- 
ficent confusion  through  the  immensity  of 
space,  they  seemed  to  have  formed  no  con- 
ception of  any  specific  difference  in  the  na- 
ture of  these  bodies,  or  of  any  systematic  ar 
rangement  as  existing  among  them.  Hence 
it  happened  that  no  discoveries  of  importance 
were  made  in  the  region  of  the  stars,  from 
the  time  of  Huygens  and  Cassini  till  near 
the  latter  part  of  the  eighteenth  century ;  s^ 
that  a  whole  century  elapsed  without  mate- 
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nallj  enlarging  our  views  of  the  sidereal  hea- 
vens, and  of  the  variety,  order,  and  arrange- 
ment of  the  numerous  bodies  which  every 
portion  of  those  expansive  regions  presents  to 
view.  During  the  last  sixty  or  seventy  years, 
the  attention  of  astronomers  has  been  more 
particularly  directed  to  sidereal  observations  ; 
and  among  those  who  have  laboured  with 
success  in  this  •  department  of  astronomical 
mvestigation,  the  late  Sir  William  Herschel 
stands  pre-eminent.  Fired  with  a  noble  zeal 
for  the  improvement  of  his  favourite  science, 
and  for  the  enlargement  of  his  views  of  the 
distant  regions  of  creation,  he  set  to  work 
with  enthusiastic  ardour,  and  constructed  with 
his  own  hands  telescopes  of  a  size  and  mag- 
nifying power  far  superior  to  what  had  ever 
before  been  attempted.  Mounted  on  the  top 
of  his  forty-feet  reflecting  telescope,  he  not 
only  discovered  new  bodies  within  the  limits 
of  the  planetary  system,  but  brought  to  light 
innumerable  phenomena  in  regions  of  the 
firmament  where  the  eye  of  man  had  never 
before  dared  to  penetrate.  He  explored  the 
Milky-way  throughout  all  its  profundities, 
and  found  that  whitish  zone  of  the  heavens 
to  consist  of  a  multitude  of  stars  "  which  no 
man  could  number,"  fifty  thousand  of  them 
having  sometimes  passed  through  the  field  of 
his  telescope  in  the  space  of  an  hour.  During 
the  coldness  and  profound  silence  of  many 
sleepless  nights,  he  surveyed  almost  every 
portion  of  the  celestial  concave,  and  discover- 
ed more  than  two  thousand  nebulse,  or  starry 
systems,  of  various  forms  and  descriptions, 
along  with  multitudes  of  double,  triple,  and 
quadruple  stars  which  had  formerly  been  un- 
known, and  ascertained,  from  the  change  of 
their  relative  positions,  some  of  their  real  mo- 
tions and  periods  of  revolution.  Afler  more 
than  half  a  century  spent  in  unwearied  obser- 
vations of  the  heavens,  this  illustrious  astro- 
nomer departed  from  this  earthly  scene,  in 
1822,  without  infirmities  and  without  pain, 
in  the  eighty-fourth  year  of  his  age,  leaving 
a  son  to  prosecute  his  labours  endued  with 
virtues  and  talents  worthy  of  his  father,  and 
whose  observations  and  researches  have  al- 
ready enriched  the  science  of  astronomy,  and 
extended  our  views  of  the  sidereal  system. 

This  department  of  astronomical  science 
may  be  considered  as  still  in  its  infancy. 
Years,  and  even  centuries,  must  roll  on,  and 
tlie  number  of  astronomical  observers  must 
he  increased  a  hundredfold,  before  the  sidereal 
investigations  now  going  forward  can  be 
nearly  completed.  A  more  extensive  know- 
ledge of  the  history  of  the  heavens,  of  the 
bodies  which  lie  hid  in  the  yet  unexplored 
regions  of  space,  and  of  the  changes  and 
diversified  motions  to  which  they  are  subject, 
ifi  doubtless  reserved  for  generations  to  come  ; 
(534) 


and  from  the  attention  which  has  lately  been 
paid  to  this  subject,  and  the  ardour  with  which 
it  is  now  prosecuted  in  different  parts  of  the 
world,  we  have  reason  to  expect  that  new 
scenes  of  divine  wisdom  and  omnipotence 
will  be  gradually  unfolding,  and  new  and  in- 
teresting results  deduced  fi-om  the  nocturnal 
labours  of  those  who  have  devoted  themselves 
to  celestial  investigations.  To  what  extent 
our  knowledge  of  the  objects  of  this  science 
may  yet  reach,  it  is  impossible  for  us  to  anti- 
cipate. The  objects  in  the  heavens  present 
a  scene  which  is  absolutely  boundless,- - 
which  all  the  generations  of  men  that  may 
arise  till  tlie  termination  of  our  terrestrial 
system  will  never  be  able  fully  to  explore ;  a 
scene  which  will  doubtless  engage  the  study' 
and  contemplation  of  numerous  orders  of  m- 
tellectual  beings  throughout  all  the  revolutions 
of  eternity. 

In  the  following  work,  I  propose  to  give 
only  a  very  condensed  view  of  the  leading 
objects  which  have  been  lately  discovered  in 
the  sidereal  heavens.  The  facts  in  relation 
to  this  subject  will  be  selected  chiefly  from 
the  observations  of  Sir  W.  Herschel,  and  se- 
veral other  astronomers,  and  some  of  them 
from  personal  observation.  Most  of  the  facts 
to  which  I  allude  were  ascertained  by  Sir  W, 
Herschel  by  means  of  telescopes  of  great  size 
and  power,  and  a  considerable  number  of  the 
double  and  triple  stars,  stellar  and  planetary 
nebulaB,  and  other  phenomena,  cannot  be  per- 
ceived with  insti-uments  of  an  ordinary  size. 
Certain  interesting  facts,  too,  particularly  with 
regard  to  the  motions  of  double  stars,  have 
lately  been  brought  to  light  by  the  observa- 
tions of  Sir  John  Herschel,  made  in  the  south- 
ern hemisphere ;  but  the  bodies  to  which  I 
allude  cannot  be  seen  in  the  northern  latitudes 
in  which  we  reside.  A  considerable  portion 
therefore  of  our  information  on  this  subject 
must  necessarily  depend  on  the  observations 
of  the  astronomers  to  whom  I  allude,  and  the 
statements  they  have  published  to  the  world ; 
but  these  observations  have,  for  the  most  part, 
been  abundantly  verified  by  other  observers. 

It  shall  be  our  endeavour  to  state  the  pro- 
minent facts  connected  with  the  sidereal  hea- 
vens in  as  plain  and  perspicuous  a  manner  as 
possible ;  and  while  it  forms  no  part  of  our 
plan  to  frame  hypotheses,  or  launch  out  into 
theoretical  disquisitions,  we  shall  offer  those 
remarks,  and  freely  indulge  in  those  moral 
reflections,  which  the  contemplation  of  such 
august  objects  are  calculated  to  suggest.  The 
scenes  we  intend  to  exhibit  are  not  only  the 
workmanship  of  God,  but  display  the  glory 
of  his  attributes  and  the  magnificence  of  his 
empire  in  a  degree,  and  uppn  a  scale,  far  sur- 
passing what  can  be  seen  in  any  other  de- 
partment   of  creation:  and  therefore,  in   all 
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©ef  surveys  of  those  grand  and  multifarious  emotions  which  may  inspire  us  with  reverence 
objects,  we  ought  invariably  to  connect  our  and  adoration  of  that  glorious  and  incompre- 
views  and  investigations  with  the  supreme  hensible  Being  "  by  whom  the  worlds  were 
agency  of  Him  who  brought  them  into  exist-  'framed,"  "who  created  all  things,  and  for 
Qiice,  and  to  cherish  those  sentiments   and    whose  pleasure  they  are  and  were  created.'* 


CHAPTER  I, 

J.  General  View  of  the  Starry  Heavens^  with  representations  of  detatched  portions  of 

the  Firmament, 


Ir  we  could  suppose  a  community  of  ra- 
tional beings  to  have  lived  for  ages  in  some 
subterraneous  grottoes  far  beneath  the  surface 
of  the  earth,  and  never  to  have  visited  the 
exterior  portions  of  our  globe,  their  ideas 
must  have  been  extremely  circumscribed,  and 
tJieir  enjoyments  extremely  imperfect,  even 
although  they  had  been  furnished  with  every 
thing  requisite  for  their  animal  subsistence. 
Could  we  imagine  that  such  beings  were  all 
at  once  transported  to  the  surface  of  the  earth, 
with  what  astonishment  and  wonder  would 
they  be  seized  when  they  beheld  the  expan- 
sive landscape  of  the  world,  the  lofty  moun- 
tains towering  to  the  clouds,—- the  hills 
crowned  with  magnificent  forests,— the  plains 
stretching  to  the  boundaries  of  the  horizon, 
and  adorned  with  colours  of  every  shade, — ■ 
the  expansive  lake,  like  a  magnificent  mirror, 
embosomed  among  the  hills, — the  rivers  roll- 
ing their  watery  treasures  towards  the  ocean, 
— and  the  sun  in  the  firmament  revolving 
around  the  circuit  of  the  sky,  diffusing  his 
light  and  heat  on  every  surrounding  object  I 
Above  all,  with  what  emotions  of  admiration 
would  they  be  filled  when  they  beheld  the 
solar  globe  descending  below  the  western 
horizon,  and  soon  after  the  moon  displaying 
her  silver  crescent  in  the  sky,  and  the  stars, 
one  after  another,  emerging  from  the  blue 
ethereal,  till  the  whole  celestial  concave  ap- 
peared all  over  spangled  with  a  thousand 
shining  orbs,  emitting  their  radiance  from 
every  part  of  the  cope  of  heaven,  and  all 
moving,  with  an  apparently  slow  and  silent 
motion,  along  the  spaces  of  the  firmament ! 
Such  expansive  and  novel  scenes  would  un- 
doubtedly overwhelm  the  faculties  of  such 
beings  with  astonishment,  and  transport,  and 
wonder  inexpressible. 

We  are  placed,  perhaps,  in  a  situation 
nearly  similar  in  regard  to  the  remote  regions 
of  the  universe,  as  the  beings  we  have  sup- 
posed were  situated  with  respect  to  the  am- 
ple prospects  we  enjoy  on  the  surface  of  our 
globe.  Were  such  beings,  fr'om  their  subter- 
ranean abodes,  to  look  through  a  narrow  fun- 
nel which  presented  them  with  a  feeble 
glimpse  of  our  upj)er  world,  and  of  a  portion 


of  the  sky,  the  view  thus  obtained  would 
somewhat  resemble  the  partial  glimpse  we 
have  yet  acquired  of  the  splendour  and  sub- 
limities of  the  distant  universe  ;,  and  were  we 
transported  to  those  far  distant  Scenes,  which 
appear  through  our  telescopes  only  like  dim 
specks  of  light,  we  should,  doubtless,  be  as 
much  overpowered  with  astonishment  and 
wonder  at  the  magnificent  scenes  which 
would  open  to  our  view,  as  our  supposed  sub- 
terraneous inhabitants  could  be  at  the  am- 
plitude and  grandeur  of  our  terrestrial  abode. 

In  our  present  habitation  we  are  confined 
to  a  mere  point  in  the  infinity  of  space.  A  mple 
as  our  prospects  are,  it  is  not  improbable  that 
the  views  we  have  already  attained  bear  a 
less  proportion  to  the  whole  immensity  of 
creation  than  the  limited  range  of  a  microscopic 
animalcule  bears  to  the  wide  expanse  of  the 
ocean.  What  is  seen  by  human  eyes,  even 
when  assisted  by  the  most  powerful  instru- 
ments, may  be  as  nothing  when  compared  to 
what  is  unseen  and  placed  for  ever  beyond 
the  view  of  mortals.  Since  the  heavens  first 
began  to  be  contemplated,  our  views  have 
been  carried  thousands  of  times  further  into 
the  regions  of  space  than  the  unassisted  eye 
could  enable  us  to  penetrate  ;  and  at  every 
stage  of  improvement  in  optical  instruments 
our  prospects  have  been  still  further  extended, 
new  objects  and  new  regions  of  creation  have 
appeared  rising  to  view,  in  boundless  per- 
spective, in  every  direction,  without  the  least 
indication  of  a  boundary  to  the  operations  of 
Omnipotence ;  leaving  us  no  room  to  doubt 
that  all  we  have  hitherto  discovered  is  but  a 
small  and  inconsiderable  part  of  the  length 
and  breadth,  and  the  height  and  depth  of 
immensity.  We  may  suppose,  without  the 
least  degree  of  improbability  or  extravagance, 
that,  were  the  whole  of  the  visible  system,  of 
creation  annihilated,  though  it  would  leave  a 
void  immeasurable  and  incomprehensible  by 
mortals,  it  would  appear  to  the  eye  of  Omni- 
science only  as  an  inconsiderable  blank 
scarcely  discernible  amidst  the  wonders  of 
wisdom  and  omnipotence  with  which  it  is 
surrounded. 

Such  views  and  deductions  have  been  de- 
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rived  from  attentive  surveys  of  the  Starry 
Heavens,  Tliese  heavens  present,  even  to 
the  untutored  observer,  a  sublime  and  elevat- 
ing spectacle.  He  beholds  an  immense  con- 
cave hemisphere,  surrounding  the  earth  in 
every  region,  and  resting,  as  it  were,  upon  the 
circle  of  the  horizon.  Wherever  he  roams 
abroad,  on  the  surface  of  the  land  or  of  the 
ocean,  this  celestial  vault  still  appears  encom- 
passing the  world ;  and  after  travelling 
thousands  of  miles,  it  seems  to  make  no 
nearer  an  approach  than  when  the  journey 
commenced.  From  every  quarter  of  this 
mighty  arch  numerous  lights  are  displayed, 
moving  onward  in  solemn  silence,  and  calcu- 
lated to  inspire  admiration  and  awe.  Even 
the  rudest  savages  have  been  struck  with  ad- 
miration at  the  view  of  the  nocturnal  heavens, 
and  have  regarded  the  celestial  luminaries 
either  as  the  residences  of  their  gods,  or  the 
arbiters  of  their  future  destinies. 

But  to  minds  enlightened  with  the  disco- 
veries of  science  and  revelation  the  firmament 
presents  a  scene  incomparably  more  magnifi- 
cent and  august.  Its  concave  rises  towards 
immensity,  and  stretches,  on  every  hand,  to 
regions  immeasurable  by  any  finite  intelli- 
gence; it  opens  to  the  view  a  glimpse  of  orbs 
of  inconceivable  magnitude  and  grandeur,  and 
arranged  in  multitudes  which  no  man  can 
immber,  which  have  diffused  their  radiance 
on  the  earth  during  hundreds  of  generations ; 
it  opens  a  vista  which  carries  our  views  into 
the  regions  of  infinity,  and  exhibits  a  sensi- 
ble display  of  the  immensity  of  space,  and  of 
the  boundless  operations  of  Omnipotence  ;  it 
demonstrates  the  existence  of  an  eternal  and 
incomprehensible  Divinity,  who  presides  in 
all  the  grandeur  of  his  attributes  over  an  un- 
limited empire ;  it  overwhelms  the  contempla- 
tive mind  with  a  display  of  the  riches  of  his 
wisdom  and  the  glories  of  hisOnriviPOTEi^cE  ; 
it  directs  our  prospects  to  the  regions  of  other 
worlds,  where  ten  thousand  times  ten  thou- 
sands of  intelligences,  of  various  orders,  ex- 
perience the  effects  of  divine  love  and  benefi- 
cence. Amidst  the  silence  and  the  solitude 
of  the  midnight  scene,  it  inspires  the  soul  with 
a  solemn  awe  and  with  reverential  emotions ; 
it  excites  admiration,  astonishment,  and 
wonder  in  every  reflecting  mind,  and  has  a 
tendency  io  enkindle  the  fire  of  devotion,  and 
to  raise  the  affections  to  that  ineffable  Being 
who  presides  in  high  authority  over  all  its 
movements.  While  contemplating,  with  the 
eye  of  intelligence,  this  immeasurable  expanse, 
it  teaches  us  the  littleness  of  man,  and  of  all 
that  earthly  pomp  and  splendour  of  which  he 
is  so  proud ;  it  shows  us  that  this  world,  with 
all  its  furniture  and  decorations,  is  but  an 
almost  invisible  speck  on  the  great  map  of  the 
universe ;  and  that  our  thoughts  and  affec- 


tions  ought  io  soar  above  all  its  sinful  pursuits 
and  its  transitory  enjoyments.  In  short,  in 
this  universal  temple,  hung  with  innumerable 
lights,  we  behold,  with  the  eye  of  imagination, 
unnumbered  legions  of  bright  intelligences, 
unseen  by  mortal  eyes,  celebrating  in  ecstatic 
strains,  the  perfections  of  Him  who  is  the 
creator  and  governor  of  all  worlds,— we  are 
carried  forward  to  an  eternity  to  come,  amidst 
whose  scenes  and  revolutions  alone  the  mag- 
nificent objects  it  contains  can  be  contem- 
plated in  ail  their  extent  and  grandeur. 

It  is  an  evidence  of  the  depraved  and  gro- 
velling dispositions  of  man  that  the  firmament 
is  so  seldom  contemplated  with  the  eye  of 
reason  and  devotion.  No  other  studies  can 
present  an  assemblage  of  objects  so  wonderful 
and  sublime ;  and  yet,  of  all  the  departments 
of  knowledge  which  are  generally  prosecuted, 
no  one  is  so  little  understood  or  appreciated 
by  the  bulk  of  mankind  as  the  science  of  the 
heavens.  Were  it  more  generally  studied, 
or  its  objects  were  frequently  contemplated, 
it  would  have  a  tendency  to  purify  and  ele- 
vate the  soul,  to  expand  and  ennoble  the  in» 
tellectual  faculty,  and  to  supply  interesting 
topics  for  conversation  and  reflection.  The 
objects  in  the  heavens  are  so  grand,  so  nume- 
rous, so  diversified,  and  so  magnificent,  both 
in  their  size  and  in  the  rapidity  o^  their  mo- 
tions, that  there  appears  no  end  to  speculation, 
to  inquiry,  to  conjecture,  to  incessant  admira- 
tion. There  is  ample  room  for  all  the  facul- 
ties of  the  brightest  genius  to  be  employed, 
and  to  expatiate  in  all  their  energy  on  this 
boundless  theme ;  and  were  they  thus  em- 
ployed more  frequently  than  they  are,  our 
views  of  the  arrangement,  and  the  nature  of 
the  magnificent  globes  of  heaven,  might  be 
rendered  still  more  definite  and  expansive. 

While  contemplating  the  expanse  of  the 
staiTy  heavens,  the  mind  is  naturally  led  into 
a  boundless  train  of  speculations  and  in- 
quiries. Where  do  these  mighty  heavens 
begin,  and  where  do  they  end  1  Can  imagi- 
nation fathom  their  depth,  or  human  calcula- 
tions and  figures  express  their  extent  ]  Have 
angels  or  archangels  ever  winged  their  flight 
across  the  boundaries  of  the  firmament  ]  Can 
the  highest  created  beings  measure  the  dimen- 
sions of  those  heavens,  or  explore  them 
throughout  all  their  departments  1  Is  there  a 
boundary  to  creation  beyond  which  the  ener- 
gies of  Omnipotence  are  unknovra,  or  does  it 
extend  throughout  the  infinity  of  space  ]  Ig 
the  immense  fabric  of  the  universe  yet  com- 
pleted, or  is  almighty  power  still  operating 
throughout  the  boundless  dimensions  of  space, 
and  new  creations  still  starting  into  existence  ? 
At  what  period  in  duration  did  this  mighty 
fabric  commence,  and  when  will  it  be  com- 
pleted 1      Will  a  period    ever  arrive  when 
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tlie  operations  of  creating  power  shall  cease, 
or  will  they  be  continued  throughout  all  the 
revolutions  of  eternity  1  What  various  orders 
of  intellectual  beings  people  the  vast  regions 
of  the  universe  1  With  what  mental  energies 
and  corporeal  powers  are  they  endowed  ] 
Are  they  confined  to  one  region  of  space,  or 
are  they  invested  with  powers  of  locomotion, 
whicn  enable  them  to  wing  their  flight  from 
world  to  world  1  Are  they  making  rapid  ad- 
vances, from  age  to  age,  in  intellectual  im- 
provement'?  Has  moral  evil  ever  made 
inroads  into  those  remote  regions  of  creation, 
or  are  all  their  inhabitants  confirmed  in  a 
state  of  innocence  and  bUss  1  Is  their  history 
diversified  by  new  and  wonderful  events,  and 
do  changes  and  revolutions  happen  among 
them  1  Are  all  the  tribes  of  intellectual  na- 
tures throughout  creation  connected  together 
by  certain  relations  and  bonds  of  union,  and 
will  a  period  ever  arrive  in  the  future  revolu- 
tions of  eternity  when  they  shall  have  had  an 
intimate  correspondence  with  one  another  1 
These,  and  hundreds  of  similar  inquiries,  are 
naturally  suggested  by  serious  contemplations 
of  the  objects  connected  with  the  starry 
heavens,  and  they  have  a  tendency  to  lead 
the  mind  to  sublime  and  interesting  trains 
of  thought  and  reflection,  and  to  afford 
scope  for  the  noblest  energies  of  the  human 
soul. 

But  leaving  such  reflections,  in  the  m.ean 
time,  let  us  now  take  a  general  view  of  the 
starry  heavens  as  they  appear  to  the  eye  of  a 
common  spectator. 

When  an  untutored  observer  attempts  to 
take  a  serious  survey  of  the  starry  firmament 
for  the  first  time,  he  is  apt  to  be  bewildered 
at  the  idea  of  the  immense  multitude  of  stars 
which  seem  to  present  themselves  in  every 
part  of  the  sky,  and  the  apparent  confusion 
with  which  they  seem  to  be  arranged.  He  is 
apt  to  think  that  they  are  absolutely  innumer- 
able, and  that  all  attempts  to  enumerate  or  to 
classify  them  would  be  in  vain.  There  is 
something  so  magnificent  and  overpowering 
in  a  cursory  view  of  a  clear  starry  sky,  that 
the  mind  shrinks  from  the  idea  of  ever  being 
able  to  form  a  distinct  conception  of  the 
number  and  order  of  those  luminous  orbs,  or 
of  their  distances  and  magnitudes ;  but  the 
genius  and  industry  of  man  have,  in  numer- 
ous instances,  accomplished  what  at  first  view 
appeared  beyond  the  reach  of  the  human 
faculties.  All  the  stars  visible  to  the  naked 
eye  have  been  numbered,  and  their  relative 
positions  determined,  with  as  much  precision 
as  the  longitudes,  latitudes,  and  bearings  of 
places  on  the  surface  of  the  globe ;  and  there 
is  not  a  star  visible  to  the  unassisted  eye, 
but  its  precise  position  can  be  pointed  out, 
aot  only  during  the  shades  of  night,  but  even 
68 


during  the  day,  when  the  sun  is  shhiing  in 
all  its  splendour. 

In  order  ^o  prevent  confusion  in  our  first 
surveys  of  tiie  starry  heavens,  let  us  fix  upon 
a  certain  portion  of  the  firmament,  and  the 
more  conspicious  stars  which  lie  in  its  imme- 
diate vicinity.  Let  us  suppose  ourselves  con- 
templating the  heavens  about  the  middle  of 
January,  at  eight  o'clock  in  the  evening,  in 
the  latitude  53®  north.  At  that  time,  if  we 
turn  our  faces  toward  the  south,  we  shall  be- 
hold the  splendid  constellation  of  Orion  a 
Uttle  to  the  east  of  the  meridian,  or  nearly 
approaching  the  south.  This  constellation 
forms  one  of  the  most  striking  and  beautifiil 
clusters  of  stars  in  the  heavens,  and  is  gene- 
rally recognized  even  by  common  observers. 
It  is  distinguished  by  four  brilliant  stars  in 
the  form  of  an  oblong,  or  parallelogram ;  and 
particularly  by  three  bright  stars  in  a  straight 
line  near  the  middle  of  the  square,  or  paral- 
lelogram, which  are  known  by  the  names  of 
"  the  Three  Kings,"  or  the  "  Ell,"  or  «  Yard." 
They  are  also  termed  Orion's  belt ,-  and  in 
the  book  of  Job,  "  the  hands  of  Orion ;"  and 
the  space  they  occupy  is  exactly  three  degrees 
in  length.  The  line  passing  through  these 
three  stars  points  to  the  Pleiades,  or  seven 
stars,  on  the  one  side,  and  to  Sirius,  or  the 
Dog  Star,  on  the  other.  The  equinoctial  cir- 
cle passes  through  the  uppermost  of  these 
stars,  which  is  called  Mintika.  They  are 
situated  about  eight  degrees  west  from  the 
solstitial  colure,  or  that  great  circle  which 
passes  through  the  poles  of  the  heavens,  and 
the  first  points  of  Cancer  and  Capricorn,  in 
which  the  sun  is  in  his  greatest  declination 
north  and  south,  which  happens  on  the  21st 
of  June  and  21st  of  December.  There  is  a 
row  of  small  stars  which  run  down  obliquely 
below  the  belt,  and  seem  to  hang  from  it, 
which  is  denominated  the  sword  of  Orion. 
About  the  middle  of  this  row  of  stars  there  is 
perceived,  by  means  of  the  telescope,  on^of 
the  most  remarkable  nebulae  in  the  heavens. 
The  whole  number  of  stars  visible  by  the 
naked  eye  in  this  constellation  has  been  reck- 
ojied  at  about  78 ;  of  which  two  are  of  the 
first  magnitude— namely,  Rigel,  in  the  left 
foot  on  the  west,  and  Betelguese,  on  the  east 
shoulder.  They  are  connected  by  a  line  drawn 
through  the  uppermost  star  of  the  belt.  There 
are  four  stars  of  the  second  magnitude,  three 
of  the  third,  and  fifteen  of  the  fourth ;  but 
several  thousands  of  stars  have  been  perceived 
by  good  telescopes  within  the  limits  of  this 
constellation. 

North  by  west  of  Orion  is  the  constellation 
Taurus,  or  the  Bull,  one  of  the  signs  of  the 
zodiac.  The  Pleiades,  or  the  seven  stars,  so 
frequently  alluded  to  both  in  ancient  and 
mordern  times,  form  a  portion  of  this  constella- 
(537) 
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tion>  At  the  time  now  supposed,  they  are  a 
very  little  beyond  the  meridian  to  the  west, 
and  about  thirty-seven  degrees  l  rth  by  west 
of  the  belt  of  Orion,  at  an  elevation  above  the 
horizon  of  about  sixty-four  degrees.  This 
cluster  was  described  by  the  ancients  as  con- 
sisting of  seven  stars,  but  at  present  only  six 
can  be  distinguished  by  the  naked  eye.  With 
powerful  telescopes,  however,  more  than  300 
stars  have  been  counted  within  the  limits  of 
this  group.  The  Hyades  is  another  cluster, 
situated  about  eleven  degrees  south-east  from 
the  Pleiades,  consisting  chiefly  of  small  stars, 
so  arranged  as  to  form  a  figure  somewhat  like 
the  letter  V.  On  the  left,  at  the  top  of  the 
letter,  is  a  star  of  the  first  magnitude,  named 
Aldeharan,  or  the  Bull's  Eye,  which  is  dis- 
.tinguished  from  most  of  the  other  stars  by  its 
ruddy  appearance.  This  constellation  is 
situated  between  Perseios  and  Auriga  on  the 
north,  and  has  Gemini  on  the  east,  Aries  on 
the  west,  and  Orion  and  E7Hdanus  on  the 
south.  It  consists  of  about  140  stars  visible 
to  the  naked  eye. 

The  constellation  Gemini  is  situated  north- 
east from  Orion,  and  almost  due  east  from  the 
Pleiades,  and  is  one  of  the  signs  of  the  zodiac. 
It  has  Cancer  on  tlie  east,  Taurus  on  the 
west,  and  the  Lynx,  on  the  north.  The 
orbit  of  the  earth,  or  the  apparent  circle  de- 
scribed by  the  sun  in  his  annual  course, 
passes  through  the  middle  of  this  constellation. 
From  the  21st  of  June  till  the  23d  of  July, 
the  sun  passes  through  this  sign,  but  the  stars 
of  which  it  is  composed  are  then  invisible, 
being  overpowered  by  the  superior  brightness 
of  the  solar  rays.  This  constellation  is  easily 
distinguished  by  two  brilliant  stars,  denomi- 
nated Castor  and  PoUax,  which  are  within 
five  degrees  of  each  other.  Castm\  a  star  of 
the  first  magnitude,  is  the  northernmost  of  the 
two  ;  and  Pollux,  a  star  of  the  second  magni- 
tude, is  situated  a  little  to  the  south-east  of  it. 
Cantor  is  found  by  the  telescope  to  be  a 
double  star,  the  smaller  one  being  invisible  to 
the  naked  eye ;  and,  fi'om  a  long  series  of  ob- 
servations, it  is  found  that  the  smaller  star  is 
revolving  around  the  larger  with  a  slow  mg^ 
tion,  and  that  a  complete  revolution  will 
occupy  more  than  300  years.  About  twenty 
degrees  south-west  of  Castor  and  Pollux  are 
three  small  stars,  nearly  in  a  straight  line, 
and  about  three  or  four  degrees  distant  fi'om 
each  other.  The  southernmost  of  the  three 
lies  nearly  in  a  line  with  Pollux  and  the  star 
Betelguese,  in  the  constellation  of  Orion,  but 
somewhat  nearer  to  Betelguese  than  to  Pol- 
lux. These  stars,  in  the  hieroglyphic  figure 
of  Gemini,  form  the  feet  of  the  twins. 

Directly  south  of  Gemini  is  the  constellation 
df  Canis  Minor,  or  the  Lesser  Dog.  It  is 
situated  about  mid-way  between  Gemini  and 
(638) 


Canis  Major,  or  the  Greater  Dog,  and  h.m 
Hydra  on  the  east,  and  Orion  on  the  west. 
It  consists  of  only  about  fourteen  stars  visible 
to  the  naked  eye,  the  principal  of  which  is 
Procyon,  a  bright  star  between  the  first  and 
second  magnitude.  It  is  almost  directly  south 
from  Pollux,  and  distant  from  it  about  twenty- 
four  degrees.  The  next  brightest  star  in  this 
constellation,  which  is  considerably  smaller 
than  Procyon,  is  called  Gomelza,  and  is  situat- 
ed about  four  degrees  north-west  of  Procyon. 

South  by  west  of  Canis  Minor,  at  the  dis- 
tance  of  nearly  thirty  degrees,  is  Canis  Major ^ 
or  the  Greater  Dog.  It  is  south-east  from  the 
belt  of  Orion,  and  due  east  from  the  constella- 
tion of  Lepus,  or  the  Hare,  at  the  distance  of 
ten  degrees.  Canis  Major  is  easily  distinguished 
by  the  brilliancy  of  its  principal  star,  Sirius^ 
which  is  apparently  the  largest  and  brightest 
fixed  star  in  the  heavens,  so  that  it  is  gene- 
rally considered  as  one  of  the  nearest  of  these 
distant  orbs,  though  its  distance  from  the  earth 
is  computed  at  not  less  than  twenty  billions 
of  miles;  and  a  cannon  ball,  moving  over 
this  immense  space  at  the  rate  of  nineteen 
miles  a  minute,  would  require  more  than 
two  milhons  of  years  before  it  could  reach 
this  distant  orb.  Sirius  is  south  by  east 
of  Betelguese  in  the  left  shoulder  of  Orion,  at 
the  distance  of  twenty-seven  degrees,  and 
south-east  from  the  lower  star  in  the  belt,  at 
the  distance  of  twenty-three  degrees.  A  line 
drawn  through  the  three  stars  which  form  the 
belt,  towards  th©  south-east,  leads  the  eye 
directly  to  Siriua,  which,  at  the  period  and 
hour  we  have  stated,  is  about  twelve  degrees 
above  the  south-easterly  point  of  the  horizon ; 
a  line  drawn  from  Betelguese  south-east  to- 
wards Sirius,  and  thence  to  the  north-east 
meets  Procyon  in  Canis  Minor,  and  continued 
nearly  due  west,  it  again  meets  Betelguese, 
so  that  these  three  stars  seem  to  form  a  large 
triangle,  which  is  nearly  equilateral.  Another 
triangle  is  formed  by  drawing  a  line  eastward 
from  Betelguese  to  Procyon,  as  a  base,  from 
Procyon  straight  north  to  Pollux,  and  from 
thence  again  south-west  to  Betelguese,  which 
forms  a  right-angled  triangle,  having  the  right 
angle  at  the  star  Procyon,  and  the  line  ex= 
tending  from  Pollux  to  Betelguese  forms  the 
hypothenuse. 

In  order  to  render  these  descriptions  moie 
definite,  I  have  sketched  in  Plate  I.  a  small 
map  of  this  portion  of  the  heavens,  in  which 
the  principal  stars  in  the  constellations  above 
described  are  represented.  The  /e/if-hand 
side  of  this  map  represents  the  east ;  the 
right'h.w[id  side  the  west  /  the  lower  part,  the 
south ;  and  the  upper  part  the  north,  or  highe" 
portion  of  the  heavens.  When  used  so  as  \0 
compare  it  with  the  real  firmament,  the  ob" 
server  is  supposed  to  have  hie  face  directed 
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dnie^y  to  the  south  and  the  south-eastern 
parts  of  the  sky.  He  may  then  easily  dis- 
tinguish the  principal  stars  laid  down  in  it  by 
the  following  directions  :— A  line  drawn  from 
A  to  B,  at  the  top  of  the  map,  passes  through 
the  star  Castor  in  Gemini,  which  is  near  the 
left-hand  side.  A  line  drawn  from  C  to  D, 
passes  through  Pollux  in  the  same  sign, 
which  is  four  or  five  degrees  to  the  south- 
east of  Castor;  it  likewise  passes  near 
Auriga,  a  star  of  the  second  magnitude,  in 
the  constellation  of  the  Wai^oner,  which  is 


represented  near  the  middle  of  the  line 
Almost  directly  north  from  Auriga,  at  the 
distance  of  seventeen  degrees,  is  the  star  Ca- 
pella,  in  the  same  constellation,  which  is  one 
of  the  brightest  stars  in  the  heavens  next  to 
Sirius.  It  is  about  twenty-eight  degrees  north- 
east from  the  Pleiades,  but  is  beyond  the 
northern  limits  of  the  map.  A  line  drjjwn 
from  E  to  F,  passes  through  Aldeharan,  or 
the  Bull's  Eye,  and  the  liyades ;  north-west 
of  which  is  the  Pleiades,  or  seven  stars,  near 
the  north-west  part  of  the  map.  A  line  drawn 
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from  G  to  H,  passes  through  the  star  Betel" 
guese,  in  the  east  shoulder  of  Orion  ;  the  line 
from  I  to  K,  passes  through  Bellatrix,  in  the 
west  shoulder,  a  star  of  the  second  magnitude, 
somewhat  less  brilliant  than  Betelguese,  and 
likewise  passes  through  Procyon,  in  Canis 
Minor,  which  appears  near  the  left  side  of  the 
map  ;  and  the  line  from  L  to  M  passes  through 
the  middle  star  of  Orion's  belt.  The  line 
from  N  to  O  passes  through  Rigel,  in  the 
left  foot  of  Orion,  a  star  of  the  first  magnitude 
fifteen  degrees  south  of  Bellatrix,     The  line 


P  Q  passes  through  Saiph,  a  star  of  the  third 
magnitude,  in  Orion's  right  knee,  eight  and  a 
half  degrees  east  of  Rigel.  The  two  form  the 
lower  end  of  the  parallelogram  of  Orion.  The 
line  R  S  passes  through  the  star  Sirius,  in 
in  Canis  Major,  which  is  east  by  south  from 
Saiph,  at  the  distance  of  fifteen  degrees. 
The  small  stars  to  the  west,  or  right  hand  of 
Sirius  form  a  part  of  the  constellation  of 
Lepus,  or  the  Hare.  A  line  drawn  from  T 
to  U,  from  the  northern  to  the  southern  part 
of  the  map,  will  point  out  the  position  of  the 
(539) 
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stars  here  represented  with  respect  to  the 
meridian,  at  the  time  these  observations  are 
supposed  to  be  made.  The  stars  on  the  right 
of  this  Une  are  west  of  tlie  meridian,  and  all 
those  to  the  left  are  to  the  east  of  it. 

By  attending  to  the  above  directions,  and 
comparing  the  delineations  on  the  map  with 
the  heavens,  all  the  stars  and  constellations 
noted  above  may  be  readily  distinguished. 
The  triangles  formed  by  Betelguese,  Procyon, 
and  Sirius,  and  by  Pollux,  Procyon,  and  Be- 
telguese, will  likewise  be  seen  on  the  map,  as 


formerly  described,  and  may  be  easily  traca^i. 
in  the  heavens.  Although  I  have  fixed  on 
the  middle  of  January,  at  eight  o'clock  in  the 
evening,  for  these  observations,  yet  the  same 
stars  may  be  traced,  at  different  hours,  during 
the  months  of  November,  December,  January, 
February,  and  March.  About  the  middle  of 
November,  at  midnight,  and  the  middle  of 
December,  at  ten  o'clock,  p.  m.,  this  portion 
of  the  heavens  will  appear  nearly  in  the  same 
position  as  here  represented.  About  the  mid- 
dle of  February,  Orion  will  be  on  the  men- 
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dian  about  eight  in  the  evening ;  and  in  the 
month  of  March,  at  the  same  hour,  consider- 
ably to  the  west  of  it ;  but  ail  the  adjacent 
stars  and  constellations  may  be  traced  at  this 
time  in  the  manner  already  described.  The 
stars  and  constellations  delineated  on  this  map 
comprehend  a  space  in  the  heavens  extending 
in  breadth,  from  north  to  south,  about  fifty 
degrees — namely,  from  thirty-three  degrees 
of  north  declination  to  seventeen  degrees 
south ;  and  in  length,  from  west  to  east,  about 
sixty  degrees.  The  equator  runs  through 
(540) 
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this  portion  of  the  heavens  in  the  direction  a 
b,  or  nearly  corresponding  to  the  line  L  iff, 
so  that  it  passes  yery  near  to  the  upper  star 
in  the  belt  of  Orion.  The  degrees  of  north 
and  south  declination*  from  the  equator  are 
marked  on  the  margin. 

*  The  declination  of  a  heavenly  body  is  its  dis- 
tance north  or  south  from  the  equinoctial,  or 
equator,  and  corresponds  to  latitude  on  the  terra- 
queous globe,  which  is  the  distance  of  a  place 
from  the  equator.  The  latitude  of  a  heavenly  body 
is  its  distance  north  or  south  of  the  ecliptic,'oY  ap- 
parent  path  of  the  sun,  which  forms  im-^ingle  of  ._ 
m  degrees  with  the  equinoc^jai^^  ^^  CjOOQIC 
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Plate  II.  represents  another  portion  of  the 
heavens  as  it  appears  about  the  beginning  of 
September.  It  includes  some  of  the  larger 
stars  belonging  to  the  constellations  Cygnus, 
Lyra,  Cerberus,  Serpentarius,  Aquila,  Her- 
cules, and  Corona  Borealis.  At  ten  o'clock 
in  the  evening  of  the  1st  of  September,  the 
star  Altair,  in  the  constellation  of  Aquila,  or 
the  Eagle,  will  be  nearly  on  the  meridian,  at 
an  elevation  above  the  horizon  of  about  forty- 
six  degrees.  This  star,  which  is  between  the 
first  and  second  magnitude,  is  situated  near 
the  east  or  left-hand  side  of  the  map,  near  the 
bottom,  and  has  a  small  star  to  the  south,  and 
another  to  the  north-west  of  it.  A  line  drawn 
from  Tto  U  passes  through  the  star  Altair, 
and  a  line  from  V  to  W  passes  through  the 
meridian  at  the  hour  supposed. 

The  seven  stars  which  are  nearest  Altair, 
towai'ds  the  south,  and  west,  and  north-west, 
belong  to  the  constellation  of  Aqidla.  All 
the  stars  on  the  map  which  are  to  the  right- 
hand  of  Altair,  are  west  of  the  meridian.  A 
line  drawn  from  X  to  Y,  near  the  top  of  the 
map,  passes  through  Denih,  a  bright  star  of 
the  second  magnitude  in  the  constellation  of 
Cygnus,  or  the  Swan,  which  is  the  star  next 
the  left-hand  side,  nearly  due  north  from  Al- 
tair, at  the  distance  of  thirty-six  degrees ;  the 
other  four  stars  adjacent  to  it  belong  to  the 
same  constellation.  A  line  drawn  from  A  to 
B  passes  through  the  star  Vega,  or  a  Lyrse, 
a  briUiant  star  of  the  first  magnitude  in  the 
constellation  of  the  Harp.  The  six  small 
stars  to  the  south-east  of  it  likewise  belong  to 
this  constellation.  The  stars  on  the  right,  or 
to  the  westward  of  Vega,  belong  chiefly  to 
the  constellation  of  Hercules.  A  line  drawn 
from  C  to  X>  passes  through  the  principal  star 
Corona  Borealis,  or  the  Northern  Crown, 
named  Alphacca,  which  is  of  the  third  mag- 
nitude, and  near  the  right-hand  side  of  the 
map.  The  stars  north  and  east  from  it  be- 
long to  the  same  constellation.  West  from 
Alphacca  is  Mirac,  at  the  distance  of  eleven 
degrees ;  and  south-west  of  Mirac,  at  the  dis- 
tance of  ten  degi'ees,  is  Arcturus,  a  bright 
star  of  the  first  magnitude,  which  is  then 
about  eighteen  degrees  above  the  western  ho- 
rizon. Both  these  stars  are  in  the  constella- 
tion of  Bootes,  but  they  are  not  within  the 
limits  of  the  map.  A  line  drawn  from  F  to 
G  passes  through  Ras  Algethi,  a  star  of  the 
second  magnitude,  and  the  principal  star  in 
the  constellation  of  Hercules,  which  is  twenty- 
fi^ve  degrees  south-east  of  Corona  Borealis.  A 
line  from  Hto  /passes  through  Ras  Alhague, 
a  star  of  the  second  magnitude  in  the  head 
of  Serpentarius,  This  star  is  five  degrees 
east  by  south  of  Ras  Algethi.  Most  of  the 
other  stars  to  the  south  and  east  in  the  map 
belong  to  Serpentarius.     Various  other  re- 


markable stars  may  be  seen  at  this  time  be- 
sides those  noted  in  the  map,  particularly  the 
square  of  Pegasus,  or  the  Flying  Horse. 
About  fifty-three  degrees  nearly  east  from 
Altair  is  Markab,  a  star  of  the  second  mag- 
nitude ;  sixteen  and  a  half  degrees  east  of 
Markab  is  Algenib,  another  star  of  the  second 
magnitude ;  fourteen  degrees  north  of  Algenib 
is  Alpheratz,  and  fourteen  degrees  west  of 
Alpheratz  is  Sckeat,  both  of  them  stars  of  the 
second  magnitude.  These  four  stars,  of  ti early 
equal  magnitudes,  form  the  Square  of  Pega- 
sus, and  appear  nearly  half-way  between  the 
eastern  horizon  and  the  meridian. 

All  the  stars  alluded  to  above  may  likewise 
be  seen  during  the  months  of  July  and  Au- 
gust, when  they  will  appear  in  a  more  east- 
erly position  than  at  the  time  stated  above ; 
and  in  the  month  of  October,  at  eight  o'clock, 
and  in  November,  at  six  o'clock  in  the  even- 
ing, they  will  be  seen  nearly  in  the  positions 
which  have  been  now  represented. 

Plate  III.  represents  a  view  of  some  of  the 
principal  stars  around  the  pole,  extending 
from  the  polar  point,  in  every  direction,  about 
forty-five  degrees.  In  using  this  map,  the 
observer  is  supposed  to  be  looking  towards 
the  north,  in  which  case,  the  left  hand  side 
of  the  map  is  towards  the  west,  and  the  right 
side  towards  the  east.  The  large  star  near 
the  centre  of  the  map  is  the  Pole-star,  which 
forms  the  tip  of  the  tail  of  Ursa  Minor,  the 
square  of  which,  and  the  two  other  stars  in 
the  tail,  will  be  seen  ascending  fi'om  it  towards 
the  right  hand,  when  the  map  is  so  placed 
that  the  1st  of  April  is  at  the  top.  There  is 
only  one  star  of  the  first  magnitude  within 
the  limits  of  this  map — namely,  Capella,  the 
principal  star  in  the  constellation  of  Auriga, 
opposite  that  part  of  the  map  where  the  month 
of  December  is  marked.  A  line  drawn  from 
C  to  i>  passes  through  this  star,  which  is  ad- 
jacent to  the  extremity  of  the  map.  There 
are  eleven  stars  of  the  second  magnitude; 
five  in  the  square  and  tail  of  Ursa  Major,  or 
the  Great  Beai* — namely  the  two  pointers, 
Dubbe  and  Merak,  Phad,  Alioth,  and  Benet- 
nach.  The  others  are  Menkalina,  Etanim, 
Rastaban,  Algenib,  Delta  Cygni,  and  the 
Pole-star,  A  line  drawn  from  Aio  B  passes 
through  Dubbe  and  Merok,  and  the  Pole-star 
at  the  centre  of  the  map;  and  on  the  oihst 
side  of  the  Pole-star  it  passes  through  a  part 
of  the  constellation  of  Cassiopeia — the  Pole- 
star  being  nearly  equidistant  between  that 
constellation  and  the  pointers.  A  line  drawn 
from  E  to  F  passes  through  Menkalina,  in 
the  constellation  of  Auriga,  about  eight  de- 
grees from  Capella.  A  line  drawn  from  G  to 
H  passes  through  Delta  Cygni,  in  the  Swan, 
which  is  placed  at  the  extremit}'^  of  the  map. 
A  line  from  /  to  iT  passes  through  Algenib, 
2  Z  (541) 
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the  principal  star  in  tlie  constellation  of  Per- 
seub\  A  line  from  L  to  M  passes  through 
Etanivi,  near  the  right-hand  side  of  the  map, 
a  star  of  the  second  magnitude  in  the  con- 
stellation of  Draco,  near  to  which,  at  the  dis- 
tance of  four  or  five  degrees  is  Rastaban,  like- 
wise a  star  of  the  second  magnitude  in  the 
same  constellation.  With  two  other  stars 
they  form  a  kind  of  irregular  square  or  tra- 
pezium, and,  with  another  small  star,  they 
form  a  figure  resembling  an  italic  V.  When 
the  star  Etanim  comes  to  the  meridian  of 
London,  it  is  exactly  in  the  zenith  of  that 
place,  which  has  rendered  it  of  peculiar  utility 
in  certain  nice  astronomical  observations.  It 
is  celebrated  in  modern  times  as  being  the 
star  which  Dr.  Bradley  selected  to  determine, 
if  possible,  the  Annual  Parallax  ;  and  from 
his  observations  of  which  he  deduced  the  im- 
portant discovery  of  the  Aberration  of  Light. 
Let  us  now  suppose  that  we  are  to  con- 
template the  northern  part  of  the  heavens 
about  the  beginning  of  April,  at  ten  o^clock 
in  the  evening.  Turning  our  faces  towards 
the  pole-star,  or  directly  north,  and  holding 
that  part  of  the  map  uppermost  which  is  op- 
posite to  the  beginning  of  April,  those  stars 
which  are  marked  on  the  upper  part  of  the 
map  will  appear  not  far  from  the  zenith,  or 
nearly  overhead;  those  towards  the  lower 
part  will  appear  at  a  low  elevation,  not  far 
from  the  horizon ;  those  on  the  right  will  ap- 
pear in  the  east,  and  those  on  the  left  in  the 
west,  at  different  elevations,  are  here  repre- 
sented. The  two  pointers  in  the  Great  Bear, 
which  are  directly  opposite  to  the  ist  of 
April,  will  be  seen  nearly  in  the  zenith,  and 
to  point  downwards  to  the  pole  star ;  and  at 
nearly  an  equal  distance  below  the  pole  star, 
they  direct  the  eye  to  the  constellation  Cas- 
siopeia^ ^vhich  is  conceived  to  have  a  certain 
resemblance  to  a  chaAr,  and  wdiich  appears 
only  a  small  distance  above  the  northern  ho- 
rizon. To  the  west  or  left-hand  side  of  Cas- 
siopeia is  the  constellation  Perseus^  of  which 
Algenib  is  the  principal  star,  and  which  is 
likewise  at  a  low  elevation.  To  the  right,  or 
east  side  of  Cassiopeia,  is  Cepheus — four  stars 
of  which,  two  of  the  third  and  two  of  the 
fourth  magnitude,  form  a  kind  of  square,  or 
rhombus.  The  stars  farther  to  the  east,  and 
in  a  more  elevated  position,  belong  chiefly  to 
Uie  constellation  of  Draco,  or  the  Dragon. 
The  star  Etanim,  in  this  constellation,  ap- 
pears nearly  due  east  of  the  pole  star,  at  the 
distance  of  forty  degrees.  The  stars  on  the 
western  side  of  the  map,  or  on  the  left  hand, 
nearly  opposite  to  Etanim,  belong  to  the  con- 
stellation of  Auriga  ;  and  those  on  the  upper 
part  are  chiefly  some  of  the  prominent  stars 
connected  with  the  Great  Bear.  The  bright 
star  Capella  appears  nearty  west  by  south 
C542) 


from  the  pole-star,  at  a  pretty  high  elevatiiM^ 
with  Menkalina  a  little  above  it,  and  to  the 
eastward. 

Besides  the  stars  marked  on  this  map, 
there  may  be  seen,  at  the  same  time,  several 
brilliant  stars  of  the  first  magnitude.  Turn- 
ing the  eye  east  by  south,  the  bright  star 
Arcturus,  in  the  constellation  Bootes,  is  seen 
about  half-way  between  the  horizon  and  the 
zenith.  Lookmg  to  the  north-east,  the  bril- 
liant star  Vega,  or  Lyra,  appears  elevated 
twenty  degrees  above  the  horizon,  in  a  direc- 
tion  nearly  opposite  to  Capella,  in  the  west. 
Farther  to  the  north,  but  not  quite  so  elevated 
as  Lyra,  is  Deneb,  in  the  constellation  of  the 
Swan.  Turning  our  eye  to  the  west.  Castor 
and  Pollux  will  be  seen  about  midway  be- 
tween the  western  horizon  and  zenith  ;  and 
further  down,  near  the  horizon,  almost  du« 
west,  are  Betelguese  and  Bellatrix,  the  two 
stars  in  the  slioulders .  of  Orion,  Betelguese 
appearing  the  more  elevated  of  the  two,  the 
other  portions  Orion  having  descended  below 
the  horizon,  To  the  south-west,  midway  be- 
tween Pollux  and  the  horizon,  is  Procyon,  a 
star  of  the  first  magnitude  in  the  Lesser 
Dog. 

Suppose,  now,  we  were  to  observe  the 
sam^e  quarter  of  the  heavens,  at  the  same 
hour,  about  the  beginning  of  October.  In 
this  case  we  have  only  to  reverse  the  map,  so 
that  the  first  of  October  may  be  uppermost. 
At  this  season,  Cassiopeia  will  appear  near 
the  zenith,  and  the  two  pointers  of  Ursa  Ma- 
jor will  be  seen  at  the  opposite  side  of  tho 
pole,  at  no  great  elevation  above  the  horizon^ 
Capella  will  appear  towards  the  east,  on  the 
right,  at  a  considerable  altitude,  and  the  five 
stars  in  the  head  of  Draco  considerably  to  the 
west,  while  Algenib,  and  the  other  stars  in 
Perseus,  will  be  seen  in  a  high  elevation,  to 
the  east  of  Cassiopeia.  At  this  time,  likewisey 
by  turning  our  eyes  towards  the  east  and  the 
south,  Aldebaran,  or  the  Bull's-eye,  in  the 
constellation  Taurus,  will  be  seen  elevated 
about  twelve  degrees  above  the  eastern  hori- 
zon, about  sixteen  degrees  above  which  are 
the  Pleiades,  or  seven  stars.  The  star  Altair 
will  appear  near  the  south-west,  half-way  be- 
tween that  point  and  the  meridian,  and  Fom- 
alhaut,  in  the  Southern  Fish,  will  be  seen 
nearly  on  the  meridian,  only  five  or  six  de« 
grees  above  the  south  point  of  the  horizon. 

In  like  manner,  were  we  wishing  to  observe 
the  position  of  the  circumpolar  stars  at  any 
other  hour,  at  this  period,  than  ten  o'clock 
p.  M.,  suppose  at  eight  in  the  evening,  we 
have  only  to  turn  the  line  which  marks  the 
beginning  of  September  uppermost  instead 
of  October,  and  the  position  at  that  hour  will 
be  seen ;  and  if  we  choose  to  make  our  ob- 
servations at  six  in  the  evening  we  turn  tha 


Hosted  by  Google 


NORTHERN  REGION  IN  OCTOBER. 


19 


iirsl  of  August  to  the  top,  allowing  two  hours, 
at  an  average,  for  every  month.  ,  If  we  would 
inspect  their  position  at  twelve  midnight,  the 
first  of  November  must  be  turned  round  to 
the  top,  and  so  on  for  any  other  hour.  If  we 
would  make  our  observations  in  the  beginning 
of  January  at  ten  p.  m.,  that  point  must  be 
turned  to  the  top,  and  then  the  two  pointers 
will  be  seen  on  the  right,  straight  east  of  the 
pole-star,  and  the  other  five  stars  hanging 
down  from  them,  Cassiopeia  nearly  straight 
west,  and  Capella  not  far  from  the  zenith. 


These  circumpolar  stars  may  therefore  k? 
seen  at  every  season  of  the  year,  and  their 
relative  positions  determined  beforehand  by 
simply  turning  round  the  map  to  the  month, 
or  day  of  the  month,  required,  so  that  that 
point  may  be  at  the  top ;  and  although  the 
months  are  arranged  so  as  to  correspond  with 
ten  o'clock  p.  m.,  yet  the  positions  may  bo 
represented  for  any  other  hour,  according  to 
the  directions  given  above. 

The  following  remarks  maybe  stated  in 
reference  to  the  stars  depicted  on  this  map  :— 


PLATE  III. 
THE  NORTH  CIRCUMPOLAR  STARS. 


1.  All  these  stars  never  set  in  our  latitude,  of  their  course  they  appear  to  move  from  east 

but  appear  to  move  round  above  the  horizon  to  west,  and  in  the  lower  part  from  west  to 

in  circles  of  which  the  pole  is  the  centre.    As  east.     Those  nearest  the  pole  describe  small 

the  observer  is  supposed  to  be  in  fifty-two  circles  around  the  polar  point,  and  those  a-t 

degrees  N.  latitude,  all  the  stars  within  52°  greater  distances  describe  larger  circles ;  but 

of  the  pole  never  descend  below  the  horizon,  their  periods  of  apparent  revolution  are  ex- 

In  one  part  of  their  diurnal  course  they  appear  actly  the  same — ^namely,  twenty -three  hours, 

above  the  pole,  and  some  of  them  near  the  fifty-six  minutes,  and  four  seconds.     3.  The 

zenith,  and  in  the  opposite  point  they  appear  stars  represented  in  this  map  are  only  those 

below  the  polar  point,  and  sometimes  near  which  are  most  prominent  and  obvious  to  the 

the  northern  horizon.     2.  In  the  higher  part  naked  eye,  in  order  to  prevent  confusion,  and 
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that  the  untutored  observer  may  not  be  dis- 
tracted with  too  many  objects  at  one  view. 
They  chiefly  consist  of  stars  of  the  second, 
third,  and  fourth  magnitudes.  4.  In  order 
that  the  obi^erver  may  be  able  readily  to  esti- 
mate the  apparent  distances  of  the  stars  from 
each  other  and  from  the  horizon,  it  may  be 
proper  to  keep  in  mind  that  the  distance  be- 
tween the  two  pointers  is  exactly  five  degrees, 
and  between  Dubbe  (the  nearest  to  the  pole) 
and  the  pole-star,  twenty-nine  degrees.  By 
applying  these  measures  by  the  eye  to  other 
stars,  their  apparent  distances  may  be  very 
nearly  estimated.  5.  Although  I  have  stated, 
in  general  terms,  that  the  pointers  come  to 
the  southern  meridian,  or  are  nearly  in  the 
zenith,  at  ten  p.  m.,  aboiU  the  beginning  of 
April,  yet  it  is  not  before  the  seventh  of  this 
month  that  they  are  accurately  in  this  posi- 
tion at  ten  in  the  evening ;  but  the  diiference 
is  not  much  perceptible  by  the  eye  during  the 
course  of  a  week  or  two,  and  therefore  can 
lead  to  no  great  mistake.  6.  If  the  circle  con- 
taining the  stars  were  cut  out,  and  surrounded 
with  the  circle  of  months  and  days,  and  made 
to  revolve  within  the  circle  of  hours,  it  might 
be  made  to  sei*ve  the  purpose  of  an  astronomi- 
cal clock  for  pointing  out  the  hours  of  the 


night,  and  likew;ise  for  showing  the  positions 
of  the  circumpolar  stars  for  any  hour  of  the 
day  or  night.  7.  The  delineations  of  the 
apparent  distances  of  the  stars  on  this  map  are 
on  a  scale  of  only  one-half  the  size  of  that  on 
which  the  two  preceding  map  were  constructed. 
The  three  preceding  views  of  certain  por- 
tions of  the  heavens,  partly  delineated  from 
actual  observation,  are  intended  to  convey  to 
general  observers  a  natural  representation 
of  those  quarters  of  the  firmament  to  which 
they  refer,  so  that  by  a  little  fiirther  attention 
and  observation,  and  an  inspection  of  a  celes- 
tial atlas,  they  may  acquire  a  general  view  of 
the  principal  stars  and  constellations  visible 
in  our  hemisphere ;  for  on  most  celestial 
planispheres  and  globes  there  is  such  a  group 
of  eyes,  noses,  legs,  tails,  claws,  and  wings 
connected  with  the  mythological  figures  of  the 
constellations,  no  traces  of  which  can  be  seen 
in  the  heavens,  that  the  learner  is  sometimes 
confounded,  and  can  scarcely  trace  any  re- 
semblance between  what  is  depicted  on  such 
globes  and  planispheres  and  the  real  aspect 
of  the  firmament,  the  stars  appearing,  in  many 
instances,  as  accidental  spots,  buried,  as  it 
were,  amidst  the  group  of  hieroglyphics  with 
which  they  are  connected. 


CHAPTER  II. 

On  the  Arrangement  of  the  Stars  into  Constellations,  with  Sketches  of  their  Mytholo- 
gical History, 


In  order  to  distinguish  the  stars  from  one 
another,  the  ancients  divided  the  heavens 
into  different  portions  or  spaces,  called  con- 
stellations,  or  groups  of  stars.  They  sup- 
posed each  group  to  occupy  a  space  which 
a  lion,  a  bear,  a  man,  a  harp,  or  other  object 
would  fill,  if  it  were  there  delineated ;  and 
hence  the  different  constellations  were  de- 
picted as  if  they  had  borne  a  resemblance  to 
dragons,  dogs,  rams,  altars,  ships,  and  similar 
objects,  whether  imaginary  or  real.  The  in- 
vention of  the  constellations,  particularly  those 
of  the  Zodiac,  is  generally  attributed  to  the 
Chaldeans  or  the  Egyptians ;  but  most  pro- 
bably the  merit,  such  as  it  is,  is  due  to  the 
former,  although  the  Egyptians  appear,  at  a 
very  early  period,  to  have  derived  the  know- 
ledge of  astronomy  from  the  inhabitants  of 
Chaldea,  and  imparted  it  to  the  ancient 
Greeks  and  other  nations.  The  first  series 
of  constellations  which  were  formed  appear 
to  have  been  those  of  the  Zodiac.  Finding 
that  the  year  consisted  neither  of  twelve  nor 
>f  thirteen  lunations,  in  order  to  know  the 
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precise  bounds  of  the  annual  course  of  the 
sun,  they  were  under  the  necessity  of  care- 
fu'ly  examining  what  stars  were  successively 
obscured  in  the  evening  by  the  motion  of 
that  globe,  and  what  stars,  after  emerging 
from  its  rays,  showed  themselves  again  before 
the  dawn  of  day. 

Macrobius,  an  ancient  Roman  author,  and 
Sextus  Empiricus,  a  Greek  writer,  have 
handed  down  to  us  the  ingenious  method 
which  the  first  astronomers  used  to  deter- 
mine exactly  the  course  which  the  sun  de- 
scribes in  the  heavens,  and  to  divide  the 
year  into  equal  portions,  of  which  the  follow- 
ing is  a  condensed  description  : 

They  every  day  saw  the  sun  and  the  whole 
heavens  turning  round  from  the  east  to  west 
In  the  mean  time  they  observed  that  the  sun, 
by  a  motion  peculiar  to  it,  receded,  from  day 
to  day,  from  certain  stars,  and  took  its  plac«^ 
under  others,  always  advancing  towards  the 
east.  As  they  found  that  twelve  revolutions 
of  the  moon  approximated  to  one  revolution 
of  the  sun,  but  that  a  certain  sensible  differ- 
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ence  existed,  they  wished  that  they  might 
have  twelve  divisions  of  the  year,  which  might 
be  exactly  equivalent  to  the  year  itself.  For 
this  pui'pose  they  took  two  brass  open  vessels, 
the  one  pierced  at  the  bottom,  and  the  othei 
without  any  orifice  below.  Having  s^,opped 
the  hole  of  the  first,  they  filled  it  with  water, 
and  placed  it  so  that  the  water  might  run  out 
into  the  other  vessel  the  moment  the  cock 
should  be  opened.  This  done,  they  observed 
in  that  part  of  the  heavens  where  the  sun  has 
its  annual  course,  the  rising  of  a  star,  remark- 
able either  for  its  magnitude  or  its  brightness, 
and  at  the  critical  instant  it  appeared  on  the 
horizon  they  began  to  let  the  water  flow  out 
of  the  upper  vessel  into  the  other,  during  the 
rest  of  the  night  and  the  whole  following 
day,  till  the  very  moment  when  the  same  star 
began  to  appear  anew  on  the  horizon.  The 
instant  it  was  again  seen  they  took  away  the 
under  vessel,  and  threw  the  water  that  re- 
mained in  the  upper  on  the  ground.  The 
ebservers  were  thus  sure  of  having  one  revo- 
lution of  the  whole  heaven,  between  the  first 
rising  of  the  star  and  its  return.  The  water 
which  had  flowed  during  that  time  now 
afforded  them  the  means  of  measuring  the 
duration  of  one  whole  revolution  of  the  starry 
firmament,  and  of  dividing  that  duration  into 
several  equal  portions.  They  then  divided 
the  water  of  the  under  vessel  into  twelve 
^arts,  perfectly  equal,  and  prepared  two  other 
small  vessels  capable  of  containing  exactly 
one  of  these  portions,  and  no  more.  They 
again  poured  into  the  great  copper  vessel  the 
twelve  parts  of  water  all  at  once,  keeping  the 
vessels  shut.  They  then  placed  under  the 
cock,  still  shut,  one  of  the  two  small  vessels, 
and  another  near  it  to  succeed  the  first  as 
Boon  as  it  should  be  full.  All  these  prepara- 
tions being  ready,  the  next  night  they  ob- 
served that  part  of  the  heavens  towards  which 
they  had  remarked  the  sun  took  his  course, 
and  waited  for  the  rising  of  the  constellation 
which  has  since  been  called  Aries.  The  in- 
stant Aries  appeared,  and  they  saw  the  first 
star  of  its  ascending,  they  let  the  water  run 
into  the  little  measure.  As  soon  as  it  was 
full  they  removed  it,  and  threw  the  water 
out.  In  the  mean  time  they  put  the  other 
empty  measure  under  the  fall.  They  ob- 
seived  accurately  all  the  stars  that  rose  during 
all  the  periods  which  the  measure  took  in 
fining,  and  that  part  of  the  heavens  was  ter- 
minated in  their  observations  by  the  star 
which  appeared  last  on  the  horizon  the  mo- 
ment the  measure  was  just  fiill.  In  like 
manner  they  proceeded  with  the  other  vessel 
alternately,  till  the  two  small  vessels  were 
three  times  filled,  which  marked  out  six  divi- 
fiions,  or  one-half  of  the  course  of  the  sun  in 
the  heavens.  They  were  ther.  forced  to  defer 
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the  observation  and  measurement  of  the  other 
half  of  the  firmament  till  the  opposite  season 
of  the  year,  when  they  proceeded  as  before. 

Having  in  this  manner  determined  the 
twelve  divisions  of  the  heavens,  and  marked 
the  clusters  of  stars  peculiar  to  each,  they 
proceeded  to  give  them  names,  and  in  general 
termed  them  the  stations  or  houses  of  the  sun, 
three  of  which  were  assigned  to  each  season. 
The  particular  names  given  to  each  of  the 
twelve  constellations  of  the  Zodiac  are  gene- 
rally supposed  to  refer  to  certain  circumstances 
peculiar  to  the  different  months.  As  the 
Chaldean  observers  seem  to  have  been  of 
opinion  that  there  were,  during  the  springy 
no  productions  more  useful  than  lambs,  calves, 
and  rams,  they  gave  the  constellations  through 
which  the  sun  passes  during  that  season  the 
names  of  the  three  animals  by  which  they 
were  most  enriched.  The  first  was  named 
Aries,  or  the  Ram ;  the  second  Taurus,  or 
the  Bull;  and  the  third  Gemini,  or  the 
Twins, — that  is,  the  two  goats,  which  com- 
monly bring  forth  two  young  at  a  time.  The 
Greeks  afterwards  represented  them  by  Castor 
and  Pollux,  two  twin  brothers,  sons  of  Jupiter, 
by  Leda,  the  wife  of  Tyndarus,  and  as  such 
are  represented  on  our  globes.  Having  re- 
marked that  there  was  a  point  to  which  the 
sun  approached  when  passing  these  signs, 
but  which  it  never  went  beyond,  and  that  it 
afl;erwards  receded  from  that  point  for  six 
months  together,  this  retreat  of  the  sun  back- 
wards led  them  to  distinguish  it  by  the  name 
of  an  animal  which  walks  backwards,  and 
hence  it  was  denominated  Cancer,  or  the 
Crab.  As  the  heats  in  the  next  month  (July) 
are  most  intense,  they  compared  them  to  the 
raging  and  fierceness  of  a  lion,  and  hence 
they  called  the  sign  Leo,  that  is,  the  Lion. 
As  in  the  next  month  harvest  commences, 
and  as  young  girls  were  generally  set  to  glean 
in  the  fields,  they  denominated  the  sign  cor- 
responding to  this  month  Virgo,  or  the  Vir- 
gin, which  is  represented  by  the  figure  of  a 
young  woman  holding  an  ear  of  corn. 

The  perfect  equafity  of  days  and  nights 
which  happens  when  the  sun  quits  the  sign  of 
Virgo,  caused  astronomers  to  give  the  next  sign 
the  name  of  Libra,  that  is,  the  Balance,  poised 
so  as  to  represent  equal  day  and  night.  The 
fi-equent  diseases  which  are  produced  in  con- 
sequence of  the  sun  retiring  to  the  south  pro- 
cured the  next  sign  the, name  of  Scoiyio,  or 
the  Scorpion,  because  it  is  mischevious,  and 
drags  after  it  a  sting  and  venom.  When  har- 
vest is  over,  and  the  fields  cleared  of  cUe  crops, 
then  is  the  season  for  hunting,  and  therefore 
the  sign  in  which  the  sun  er.lers  at  that  time 
has  obtained  the  name  of  Sagittarius,  thsit  is, 
the  Archer,  or  Huntsman.  The  next  con- 
stellation, Capricorn,  had  its  origin  from  the 
2  z  2  (545) 


Hosted  by  Google 


•22 


SIDEREAL  HEAVENS. 


wild  goat,  whose  nature  being  to  seek  its  food 
from  the  bottom  to  the  top  of  mountains,  was 
considered  emblematical  of  the  ascent  of  the 
sun  from  the  lowest  point  o^  its  course,  in  the 
beginning  of  this  sign,  to  i'ts  highest  pitch  or 
summit  in  the  summer  solstice,  when  it  enters 
the  sign  Cancer.  The  next  sign  is  called 
Aquarius,  or  the  Water-bearer,  emblematical 
of  the  rains  which  generally  fall  at  this  sea- 
son of  the  year ;  and  the  last  sign  is  named 
Pisces,  or  the  Fishes,  which  name  seems  to 
have  been  given  because  at  the  time  when  the 
su  n  enters  it,  fishes  are  then  considered  as 
fattest  and  most  in  season  for  use. 

Such  were  the  names  and  symbols  which 
the  ancients  appropriated  to  that  great  circle 
or  zone  of  the  heavens  through  which  the  sun, 
moon,  and  planets  appeared  to  move.  As 
the  names  of  ten  of  these  signs  or  constella- 
tions are  borrowed  from  several  animals^  as- 
tronomers gave  the  annual  zone  which  they 
compose  the  name  of  the  Zodiac,  that  is,  the 
circle  of  animals,  from  the  Greek  word,  Jwoi^, 
an  animal.  By  this  division  of  the  heavens, 
mankind  acquired  a  new  method  of  measuring 
time,  and  of  regulating  ah  their  labours.  From 
the  knowledge  of  the  Zodiac  they  obtained  an 
exact  knowledge  of  the  yeai  and  of  its  several 
sub-divisions,  and  the  periods  when  sowing 
ought  to  commence,  and  when  the  fruits  of 
harvest  might  be  expected  to  arrive  at  ma- 
turity. When,  after  the  setting  of  the  sun, 
they  saw  the  stars  of  the  sign  Aries  ascend 
the  opposite  horizon,  and  distant  from  the 
sun  by  one-half  of  the  sphere  of  tne  heavens, 
they  then  knew  that  the  sun  was  under  the 
sign  Libra,  which,  being  the  seventh  of  the 
celestial,  signs,  was  distant  from  the  first  by 
one-half  of  the  whole  Zodiac.  When,  at  the 
approach  of  day,  they  saw,  in  the  middle  of 
the  firmament,  or  on  their  meridian,  at  an 
equal  distance  from  east  and  west,  the  prin- 
cipal star  of  the  sign  Leo,  they  understood 
that  the  sun,  then  about  to  rise,  was  at  the 
distance  of  three  signs  from  Leo,  and  removed 
towards  the  east  one-fourth  part  of  its  circle. 
Thus,  without  seeing  the  stars,  which  were 


obscured  and  overpowered  by  the  sun's  raya 
as  he  passed  through  them,  they  could  say, 
with  a  perfect  assurance,  "  the  sun  is  now  in 
Scorpio,  and  in  two  months  hence  the  short- 
est day  will  arrive."  On  the  sight  of  a  single 
constellation,  placed  either  in  the  eastern, 
western,  or  middle  part  of  the  heavens,  they 
could  immediately  tell  in  what  sign  the  sun 
was,  how  far  the  year  was  advanced,  and 
what  kinds  of  labour  were  requisite  to  be  f»er- 
formed.  It  is  therefore  to  astronomy  we  are 
originally  indebted  for  our  knowledge  of  the 
length  of  the  year,  and  the  commencement 
of  its  different  seasons. 

The  ancients  next  proceeded  to  arrange 
into  constellations  the  other  groups  of  stars 
which  were  situated  to  the  north  and  south 
of  the  Zodiac.  In  forming  this  arrangement 
they  proceeded  on  principles  similar  to  those 
by  which  they  had  delineated  the  signs  of  the 
Zodiac.  They  conceived  the  different  groups 
as  if  they  bore  a  certain  resemblance  to  birds, 
beasts,  serpents,  or  to  certain  imaginary  beings, 
and  gave  them  names  corresponding  to  such 
conceptions.  This  they  seem  to  have  done 
for  the  sake  of  assisting  the  memoiy  and  ima- 
gination in  forming  a  general  idea  of  the 
forms  and  the  relative  positions  of  the  several 
clusters  of  stars,  and  to  enable  the  observer 
more  readily  to  distinguish  and  to  point  out 
any  particular  star;  but  it  would  be  too 
tedious,  and  would  convey  little  profitable  in- 
struction, to  inquire  into  the  reasons  of  the 
emblematical  figures  they  adopted,  or  to 
attempt  a  detailed  view  of  their  mythological 
history. 

The  followmg  table  contains  a  list  of  all 
the  constellations,  ancient  and  modern,  with 
the  number  of  stars  in  each,  as  stated  in  the 
Hlstoria  Ce lest  is  of  Flamstead,  formerly 
Royal  Professor  of  Astronomy  at  Greenwich. 
The  first  column  contains  the  name  of  the 
constellation,  the  second  column  the  number 
of  stars  it  contains,  and  the  third  column  the 
principal  stars  and  their  magidtudes.  The 
number  1,  expresses  stars  of  the  first  magni- 
tude ;  2,  those  of  the  second  magnitude,  &c. 


NORTHERN  CONSTELLATIONS. 


Name. 


No.  of  Stars. 


Ursa  Minor—the  Little  Bear    ......  24 

l:r«a  Major — the  Great  Bear  ......  87 

Drao^^^ — the  Dragon 80 

Cepheufe  ""East  of  Draco] 35 

Bootes — tht  Herdsman 54 

Corona  Boreau.? — the  Northern  Crown  [East 

of  Bootes] 
Hercules,  with  Cerberus      .     .     ,     .     ..'.113 

Lyra — the  Harp  . 21 

Cygnus — the  Swan    ......     o..  81 

^546) 


21 


Principal  Stars. 

.  Pole  star,  2. 

.  Dubhe,  1 ;  Alioth,  2. 

.  Rastaben,  2. 

,  Alderamin,  3. 

.  Arcturus,  1 ;  Mirac,  3, 

,     Alphecca,  2. 

.     Ras  Algethi,  2 
.     Vega,  or  Jiyra,  L 
Deneb,  2. 
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No.  of  Stars. 


Cassiopeia — Lady  in  her  chair  .  .  .  »  «  55 
*'erseus,  and  Head  of  Medusa  .....  59 
A.uriga — the  Wagoner        ,...,..     66 

Serpentarius — Serpent  Bearer .74 

Serpens — the  Serpent .64 

Sagitta — the  Arrow  [N.  of  Aquila]    ....     18 

Aquila  and  Antinous — the  Eagle,  &Co    .     .     «     71 
Delphinus — the  Dolphin      .......     18 

Equuleus — -the  Horse's  Plead  ...,.<,     10 
Pegasus — the  Flying  Horse     ......     89 

Andromeda 66 

Triangulum — the  Triangle .16 

Cameiopardalis — Camelopard .58 

Leo  Minor— the  Little  Lion     ,...,.     53 
Coma  Berenices — Berenices'  Hair  [North  of  ) 

Virgo].     ..........    J 

Vulpecula  et  Anser — the  Fox  and  Goose  ) 

[South  of  Cygnus]  . J 

Lacerto — the  Lizard  [East  of  Cygnus]  .  .  , 
Scutum  Sobieski  [North  of  Sagittarius] .  .  , 
Canis  Venatici — the  Gray  hounds  .... 
Lynx       ............. 

Cerberus •     .     . 

Mons  Menelaus  [S.-E.  of  Bootes]  .... 
Taurus  Poniatowski — -theBuUofPoniatowski  )        » 

[  W.  of  Aquila]   ........  J         ^ 

Musca— the  Fly  [N.  of  Aries] 6 

Tarandus — Reindeer  [at  N.  Pole]      ....     12 


43 

35 

16 
8 

25 

44 
4 

11 


Total  number  of  stars  in  the  Northern 
Constellations     «..»•« 


?! 


Principal  Stars. 
Schedir,  3, 

Algenib,  2  ;  Algol,  8* 
Capella,  Alajoth,  L 
Ras  Alhague,  2. 


Altair,  I  or  2. 


Markab,  2  ;  Scheat,  S. 
Alamak,  2  ;  Mira^k^  U 
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SOUTHERN  CONSTELLATIONS. 

Those  Constellations  marked  thus  f  never  rise  in  JV.  latitude  52  degrees. 


Name, 

Cetus— .the  Whale    ..... 

Orion      ......... 

Eridanus — the  River  Po      ,     .     . 
Lepus — the  Hare  [S.  of  Orion]     . 
Canis  Major— the  Great  Dog  .     «, 
Canis  Minor  [N.  of  Monoceros]    . 
Argo  Navis — the  Argo   .... 

Hydra — the  Serpent  ..... 

Crater — the  Cup  [S.  of  Virgo]     , 
Corvus — the  Crow  [S.  of  Virgo]  . 
Centaurus — the  Centaur      .     .     . 
Lupus — the  Wol/^"      .     .     ,     o     . 
Araf — the  Altar        ..... 

Corona  Australis — Southern  Crown 
Piscis  Australis  [S.  of  Aquarius]  . 
Columbo  Noachi — -Noah's  Dove  . 
Rober  Carolif  [E.  of  Argo  IS  avis] 
Grusj-— the  Crane      .     .     .     .     . 

Phoenix-j-      ........ 

Indus-}- — the  Indian    ..... 

Pavo-|- — the  Peacock 

A  pus-)- — the  Bird  of  Paradise    .     , 
Apis  Musca-j-  Australis,  .... 


No.  of  Stara. 

97  . 
78  . 
84  . 
19 

31  . 
14  , 
64  . 
60  . 
31   . 

9   , 
35 
24 

9 
12 
24 
10 
12 
13 
1? 
12 
14 
II 

4 


Principal  Stars. 

Menkar,  2  ;  Mira,  %, 
Betelguese,  1 ;  Rigel,  L 
Achernar,  1. 

Sirius,  1. 
Procyon,  1. 
Canopus,  1 ;  Naos,  % 
Cor  Hydra,  L 
Algorab,  3, 
Aikes,  3, 


Fomalhaut,  U 


047) 
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Name. 
Trian^Ium  Australisj-  [South  Triangle] 
Piscis  Volans| — the  Flying  Fish 
Chameleon-j-  [near  the  S.  Pole]. 
Doradof — the  Sword  Fish  .     , 
Toucan|' — ^the  American  Goose 
Hydrus-f — the  Water  Snake    . 
Sextans — ^the  Sextant  [S.  of  Leo] 
Monoceros — the  Unicorn     . 
Crux— the  Cross-)-     .     .     . 
The  £5culptor's  Apparatus   . 
Circinus-f-— the  Compasses  . 
Brandenburgium  Sceptrara  [S.  W, 
Equuleus  Pictorius     .     .     « 
Fornax  Chemica   .... 
Horologiumj — the  Clock    . 
Mons  Mensaf — the  Table  Mountain 
Machina  Pneumatica — the  Air  Pump 
Norma,  or  Euclid's  Square  .... 
Octans  Hadleianus-j- — Hadley's  Octant 
Pyxis  Gautica— Mariner's  Compass  . 
Reticula  Rhomboidalisj-  ,     .     «     .     » 
Telescopiumj- — the  Telescope  .     .     . 
Sculptoriof — the  Engraver's  Tools    . 
Blicroscopium — the  Microscope     .     . 


of  Orion] 


No.  0/  Stars. 

6 

8 
W 

6 

9 
10 
41 
31 

6 
12 

7 

6 

8 
14 
12 
30 
24 
32 
43 

8 
10 

9 
16 
10 


Frincipal  H*jir». 


Total  number   of  stars  in  the  Southern 
Constellations     .»..,... 
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ZODIACAL  CONSTELI,ATIONS. 


Name. 


No.  of  Stars, 


Aries — the  Ram    .     o     .         .         «          .  ,     66 

Taurus— the  Bull .141 

Gemini — -the  Twins  .     .     « .85 

Cancer — the  Crab      •     .     .     .     .     „     .     /  •     83 

Leo — the  Lion ,     •  <,     95 

Virgo — 'the  Virgin     .     .     .     «     »     .     .     »  «  110 

Libra— -the  Balance    .     .     .     .     .     »     .     .  «     61 

Scorpio— the  Scorpion     .     »     •     .     .     .    «  .     44 

Sagittarius — the  Archer  .     , 69 

Capricomus — the  Goat   .     .     .     ,     »     .     .  «     51 

Aquaris — 'the  Water  Bearer     ...     .     o  ,108 

Pisces— the  Fishes     .     ...     ...    «  ,113 


Principal  Stars. 

aArietis,  2. 

Aldebaran,  1 ;  Pleiades. 
Castor,  1  ;  Pollux,  1. 
Acubens,  3. 

Regulus,  1 ;  Denebola,  2 
Spica  Virginis,  1. 
Zubeneschamale,  2. 
Antares,  1. 


Scheat,  3. 


Total  number  of  stars  in  the  Zodiac    .     .     1016 
Total  number  of  stars  in  all  the  Constellations    , 


3487 


Thus  all  the  visible  stars  in  the  firmament 
have  been  arranged  into  ninety -four  constella- 
tions, of  which  forty-eight  were  formed  by 
the  ancients,  and  the  rest  within  the  last  two 
or  three  hundred  years.  Of  the  stars  above 
enumerated,  there  are  about  17  of  the  first 
magnitude,  76  of  the  second,  223  of  the  third, 
and  the  remainder  of  the  fourth,  fifth,  and 
sixth  magnitudes.  The  different  classes  of 
magnitudes  are  intended  to  express  their  ap- 
parent brightness.  The  brightest  stars  are 
said  to  be  of  the  first  magnitude;  those  which 
appear  next  in  brightness,  or  inferior  to  the 
<548) 


first,  are  classed  in  the  second  magnitude  5 
and  so  on  down  to  the  sixth  magnitude,  which 
comprises  the  smallest  stars  visible  to  the 
naked  eye  in  the  clearest  night ;  though  there 
are  but  few  eyes  that  can  distinguish  those 
which  belong  to  the  sixth  magnitude.  All 
the  stars  beyond  these  limits  come  under  the 
general  denomination  of  Telescopic  stars  / 
and  with  the  most  powerful  telescopes,  stars 
may  be  perceived  of  all  classes,  from  the  sixth 
to  the  sixteenth  order  of  magnitudes.  Every 
increase  in  the  power  of  these  instruments 
brings  into  view  innumerable  multitudes  of 
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those  orbs  which  were  before  invisible,  so  that 
no  definite  limits  can  be  assigned  to  the  ap- 
parent brightness  or  magnitude  of  the  stars. 
This  classification  into  magnitudes,  however,  as 
it  is  entirely  arbitary,  so  it  is  extremely  indefi- 
nite,and  can  convey  no  very  accurate  ideas  even 
of  their  apparent  brightness  or  intensity  of 
light.  This  consideration  has  led  some  emi- 
nent astronomers  to  endeavour  to  estimate 
the  apparent  brightness  of  each  star  by  expe- 
riments made  with  the  photometer.  From 
various  experimental  comparisons  of  this  kind, 
the  late  Sir  Wm.  Herschel  deduced  the  fol- 
lowing conclusions : 


Magnitude; 

Light  of  a  stv  of  the  average  1st  - 

2d  - 

3d  - 

4th  » 

5th  - 

6th  - 


100 

35 

12 

6 

2 

1 


So  that  the  light  of  a  star  of  the  second  magni- 
tude is  one-fourth  of  that  of  a  star  of  the  first 
magnitude ;  the  light  of  one  of  the  third,  one 
eight;  of  the  fourth,  one  sixteenth;  of  the 
fifth,  one  fiftieth ;  and  of  the  sixth,  only  one- 
hundredth  part.  Sir  John  Herschel  informs 
us  that,  firom  his  own  experiments,  he  has 
found  that  the  light  of  Sirius,  the  brightest 
of  all  the  fixed  stars,  is  about  324  times  that 
of  an  average  star  of  the  sixth  magnitude. 

It  may  be  proper  to  observe  that  the  stars 
specified  in  the  statements  inserted  above  are 
not  all  visible  to  the  naked  eye,  nearly  two- 
thirds  of  them  being  perceptible  only  by  the 
telescope ;  but  they  are  those  stars  whose 
latitudes  and  longitudes,  and  whose  right  as- 
censions and  declinations,  have  been  accu- 
rately determined.  They  form  only  a  very 
small  proportion  of  those  which  are  found  to 
exist  in  the  most  distant  regions  of  the  firma- 
ment ;  for  by  powerfiil  telescopes  there  have 
been  explored,  in  a  single  speck  of  the  hea- 
vens, a  number  which  far  exceeds  that  of  all 
the  visible  stars  in  the  sky ;  and  catalogues 
have  been  formed  in  modern  times  which 
comprise  from  fifty  to  a  hundred  thousand  of 
these  luminaries. 

The  first  astronomer,  so  far  as  we  know, 
who  attempted  to  take  a  catalogue  of  the  stars, 
was  Hlpparchus  of  Rhodes,  who  flourished 
about  120  years  before  Christ.  Having  ob- 
served a  new  star,  which  he  had  never  seen 
befoie,  he  began  to  doubt  whether  there  might 
not  be  changes  occasionally  taking  place 
among  these  luminaries,  and  therefore  com- 
menced making  a  catalogue  of  them,  noting 
down  the  position  and  magnitude  of  each  star, 
with  the  view  that,  if  any  new  stars  should 
ftgairt  appear,  or  any  of  those  observed  by  him 


should  increase  Dr  diminish  in  magnitude, 
or  totally  disappear,  such  changes  might  be 
known  to  those  who  should  five  in  fixture  ages. 
This  catalogue,  which  was  handtd  down  to 
us  by  Ptolemy,  an  ancient  Egyptian  astro* 
nomer,  has  been  of  special  use  to  modem 
astronomers,  both  in  determining  the  rate  of 
the  precession  of  the  equinoxes,  and  in 
proving  that  certain  stars  which  then  existed 
are  no  longer  to  be  seen  in  the  heavens ;  thus 
indicating  that  changes  and  revolutions  are 
taking  place  among  the  distant  bodies  of  the 
universe.  The  catalogue  of  Hipparchus  con- 
tained a  descj  .,.!tion  of  the  places  of  1026 
stars.  The  Arabians  are  the  next  whom  history 
represents  as  having  attempted  to  form  a  de- 
scriptive catalogue  of  the  stars.  This  was 
eflfected  by  Ulug  Beighy  the  grandson  of 
Tamerlane,  firom  his  own  observations  made 
at  Samarcand,  whose  catalogue  contains  1022 
stars.  Tycho  Brahe,  the  celebrated  Danish 
astronomer,  who  lived  in  the  sixteenth  cen- 
tury, by  means  of  the  large  and  accurate  in- 
struments he  invented,  formed  a  catalogue  of 
777  stars,  which  are  considered  as  superior  in 
correctness  to  those  of  Hipparchus  and  Ulug 
Beigh.  He  was  prompted  to  this  laborious 
undertaking  by  the  sudden  appearance  of  a 
new  star  in  Cassiopeia  in  the  year  1572, 
which  shone  with  the  brilliancy  of  Venus, 
and  was  visible  even  at  noonday.  Bayer 
soon  after  published  a  catalogue  of  1 160  stars, 
in  which  he  introduced  the  practice  distin- 
guishing the  stars  by  the  letters  of  the  Greek 
alphabet.  All  the  catalogues  now  mentioned 
were  formed  before  the  telescope  was  invented, 
and  contained  nearly  all  the  stars  which  could 
be  perceived  by  the  unassisted  eye.  Soon 
after  the  invention  of  the  telescope,  in  the 
beginning  of  the  seventeenth  century,  the 
celebrated  Hevehus  composed  a  catalogue  of 
1888  stars,  of  which  1553  were  observed  by 
himself,  and  their  places  computed  for  the 
year  1660.  But  some  of  our  modem  observ 
ers  of  the  heavens  have  published  catalogues 
which  contain  the  positions  of  many  thousands 
of  stars,  besides  multitudes  of  nebulae,  of 
various  descriptions,  double,  triple,  and 
quadruple  stars,  and  various  other  celestial 
phenomena. 

The  division  of  the  heavens  into  constella- 
tions, and  the  names  and  figures  by  which 
they  are  distinguished,  seem  to  have  been  of 
a  very  ancient  date.  Job,  who  is  supposed 
to  havb  lived  in  a  period  prior  to  that  of 
Moses,  refers  to  some  of  them  by  the  same 
names  which  they  still  bear.  "  Canst  thou 
bind  the  sweet  influences  of  Pleiades'^ — or 
the  seven  stars, — "  or  loose  the  bands  of 
Orion  1"  that  is,  the  belt  of  Orion,  which  con- 
sists of  three  equidistant  stars  in  a  straight 
line.     "Canst  thou  bring  forth  Mazzaroth  in 


(549) 

Hosted  by  Google 


•26 


SIDEREAL  HEAVENS. 


nis  season  1  or  canst  thou  guide  Arcturus 
with  his  sons?"  Arcturus  is  a  bright  star  of 
the  first  magnitude  in  the  constellation  of 
Bootes,  and  is  here  put  for  the  constellation 
itself.  The  expression  "  his  sons"  is  sup- 
posed to  refer  to  Asterion  and  Chara,  the 
two  Grayhounds,  with  which  he  seems  to  be 
pursuing  the  Great  Bear  around  the  North 
pole,  in  the  diurnal  revolution  of  the  heavens. 
Mazzaroth  is  generally  supposed  to  refer  to 
the  twelve  signs  of  the  zodiac,  which,  by  their 
appointed  revolutions,  produce  the  succession 
of  day  and  night,  and  the  seasons  of  the  year. 
In  another  part  of  this  book,  [  7b,  when  filled 
with  profound  reverence  of  the  majesty  of 
God,  declares  that  He  alone  "  spreadeth  out 
the  heavens,  and  maketh  Arctuiiis,  Orion, 
and  the  Chambers  of  the  South."  The  pro- 
phet Amos,  who  lived  800  years  before  the 
ChristiEin  era,  alludes  to  the  same  objects  in 
the  fifth  chapter  of  his  prophecy — "  Ye  w^ho 
turn  judgment  to  wormwood,  and  leave  off 
righteousness  in  the  earth,  seek  him  who 
maketh  the  seven  stars  and  Orion,  who  turn- 
eth  the  shadow  of  death  into  morning,  and 
maketh  the  day  dark  with  night ;  that  calleth 
for  the  waters  of  the  sea,  and  poureth  them 
<Dut  upon  the  face  of  the  earth  •,  the  Lord  of 
Hosts  is  his  name." 

The  names  of  the  constellations,  and  the 
liyeroglyphic  figures  by  which  they  are  repre- 
sented, appear,  however,  to  have  had  their 
®npxi  in  superstitious  and  idolatrous  no- 
lions.  The  Egyptians,  it  is  well  known, 
worshipped  the  host  of  heaven  under  the 
figures  of  most  of  the  animals  which  repre- 
sjent  the  celestial  constellations,  particularly 
the  signs  of  the  Zodiac.  They  imagined  the 
sun,  which  they  called  Osiris,  to  be  a  proper 
representative  of  the  Spirit  of  Nature,  or  the 
Supreme  Being,  who,  like  the  sun,  appears 
every  where  present,  exercising  his  influence 
over  the  universe.  The  moon,  as  she  re- 
ceives her  light  fi:om  the  sun,  was  looked  upon 
as  a  female  divinity,  and  called  Isis^ — which 
goddess  was  made  to  signify  universal  nature 
considered  as  passive,  and  susceptible  of  va- 
rious impressions,  forms,  and  qualities.  They 
found,  or  imagined  they  found,  in  various 
animals  some  properties  or  qualities  corres- 
ponding to  the  motions,  appearances,  or  in- 
fluences of  the  sun,  moon,  and  stars.  This 
induced  them  not  only  to  use  those  animals 
in  their  hieroglyphic  representations  of  their 
deities,  but  also  to  pay  them  honours.  Thus, 
by  the  Ram,  a  prolific  animal,  they  repre- 
sented the  genial,  fertilizing  influence  of  the 
sun  in  spring;  and  by  the  hot  and  furious 
Lion,  iis  violent  scorching  heat  in  the  sum- 
mer;  and  the  Bull  was  an  emblem  of  the  va- 
rious powers  of  the  sun  in  forwarding  the 
business  of  agriculture,  in  which  this  animal 


was  of  particular  service.  As  the  overflow^ 
ing  of  the  Nile  is  particularly  beneficial  to 
the  land  of  Egypt,  and  as  that  river  was  ob- 
served to  begin  to  swell  at  the  rising  of  Sirius, 
or  the  Dog  Star,  so  they  had  a  special  vene- 
ration for  that  orb,  as  if  its  divine  influence 
had  contributed  to  that  fertility  which  was 
produced  by  the  inundation  of  the  Nile. 
That  the  Egyptians  worshipped  all  the  ani- 
mals depicted  on  the  Zodiac,  and  those  which 
represent  several  of  the  other  constellations^ 
is  proved  by  the  testimony  of  several  ancient 
author^:,  particularly  Herodotus,  who  says 
that  "  in  Egypt  all  sorts  of  beasts,  whether 
wild  or  tame,  were  accounted  as  sacred,  and 
received  divine  honours."  And  it  is  not  im- 
probable that  this  worship  of  the  host  of  hea- 
ven,  through  the  hieroglyphics  of  various 
animals,  was  a  general  practice  during  th© 
abode  of  the  children  of  Israel  in  that  country, 
and  that  the  following  admonition  of  Moses 
has  a  reference  to  this  circumstance : — "  Take 
heed  lest  ye  corrupt  yourselves  and  make  you 
a  graven  image,  the  similitude  of  any  figure,, 
the  likeness  of  any  male  or  female,  the  like- 
ness of  any  beast  that  is  on  the  earth,  the 
likeness  of  any  fowl  that  flyeth  in  tlie  air,  the 
likeness  of  any  thing  that  creepeth  upon  the 
ground,  the  likeness  of  any  fish  that  is  in  the 
waters  beneath  the  earth ;  and  lest  thou  lif^ 
up  thine  eyes  to  heaven,  and  when  thou  seest 
the  sun,  and  the  moon,  and  the  stars,  even 
all  the  host  of  heaven,  shouldest  be  driven  to 
worship  them  and  serve  them,  which  the  Lord 
thy  God  hath  divided  unto  all  nations  under 
the  whole  heaven.  But  the  Lord  thy  Gotl 
hath  taken  you,  and  brought  you  forth  out  of 
the  iron  furnace,  even  out  of  Egypt."  The 
reference  here  made  to  their  being  brought 
out  of  Egypt  seems  evidently  intended  to  put 
the  Israelites  in  mind  of  their  deliverance 
from  the  idolatrous  practices  of  the  inhabi- 
tants of  that  country,  as  well  as  from  the 
slavery  to  which  they  had  been  subjected, 
and  consequGftitly  implies  that  the  Egyptians 
indulged  in  the  superstitious  worship  to  which 
we  have  alluded. 

As  it  is  the  practice  of  astronomers  to  de- 
note the  relative  apparent  magnitudes  of  stars 
in  each  constellation  by  the  letters  of  the  Greek 
alphabet,  the  whole  of  this  alphabet  is  here  in- 
serted, that  the  unlearned  reader  may  be  ena- 
bled to  distinguish  the  different  characters,  and 
the  order  in  which  they  follow  each  other. 

The  first  letter  of  the  Greek  Alphabet  a^ 
denotes  the  largest  or  brightest  star  in  each 
constellation.  Thus,  a  Lyra?  is  the  brightest 
star  in  the  constellation  of  Lyra,  or  the  Lyre  j 
|3  Lyrse,  the  star  next  in  brightness  to  alpha  ° 
and  so  on  throughout  all  the  letters  of  the 
Greek  alphabet.  When  the  number  of  stars 
to  be  distinguished  in  any  constellation    b 
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greater  than  the  number  of  letters  in  the 
Greek  alphabet,  astronomers  have  recourse  to 
the  letters  of  the  English  alphabet,  and  dis- 
tinguish the  remaining  stars,  according  to 
their  apparent  briUiancy,  by  the  letters  a,  b, 
c,  d,  &c. ;  and  if  more  stars  still  remain  to  be 
distinguished,  they  resort  to  numerals, — thus, 
a-^,  d'',  &c.  From  this  mode  of  distinguishing 
the  apparent  magnitude  of  the  stars,  the 
reader  will  easily  perceive  that  those  stars 
which  are  distinguished  by  the  first  letters  of 
the  Greek  alphabet  are  the  largest  in  any  par- 
ticular constellation,  while  those  which  are 
marked  with  letters  towards  the  close  of  the 
alphabet  are  among  the  smaller  stars. 

GREEK  ALPHABET, 


Greek 

Characters.  Names. 

«t  Alpha. 

&  Beta 


Greek        Roman 
Capitals.     Characters. 


y 

Gamma 

r 

g 

s 

Delta 

A 

d 

« 

Epsilon 

E 

e,  short 

i 

Zeta 

Z 

z 

n 

Eta 

H 

e,  long 

^e 

Theta 

0 

th 

1 

Iota 

I 

i 

JC 

Cappa 

K 

k 

K 

Lambda 

A 

1 

Mu 

M 

m 

9 

Nu 

N 

n 

1 

Xi 

H 

X 

e 

0  micron 

O 

0,  snort 

TT 

Pi 

n 

P 

g 

Rho 

p 

L^ 

tr  ( 

Sigma 

2 

S 

1 

Tau 

T 

t 

V 

Upsilon 

r 

u 

9 

Phi 

* 

ph 

X 

Chi 

X 

ch 

% 

Psi 

Y 

ps 

A> 

Omega 

ft 

o,  long 

CHAPTER  m. 


Qn  the  Propriety  of  Adopting  a  more  Natural  Arrangement  and  Delineation  of  the 

Starry  Groups, 


The  figures  of  the  celestial  constellations 
to  which  we  have  now  adverted  are  still  de- 
picted in  our  celestial  globes  and  planispheres, 
and  present,  in  my  opinion,  a  very  awkward 
and  unnatural  representation  of  the  stany 
heavens.  It  is  rather  a  strange  circumstance, 
that  for  a  period  of  more  than  two  thousand 
years  the  firmament  has  been  contemplated, 
and  the  arrangements  of  the  bodies  it  contains 
studied,  through  the  medium  of  bears,  ser- 
pents, lizards,  rams,  whales,  centaurs,  dol- 
phins, flying  horses,  three-headed  dogs,  hydras, 
dragons,  and  many  other  grotesque  and  in- 
congruous figures.  The  sublime  wonders  of 
the  evening  sky  have  thus  been  associated 
with  a  group  of  mean,  ridiculous,  and  imagi- 
nary objects,  of  which  we  have  scarcely  any 
prototype  in  nature,  and  in  which  there  is 
not  the  least  shadow  of  a  resemblance  to  the 
objects  they  are  intended  to  represent.  "When 
the  young  student  of  astronomy  wishes  to 
distinguish  particular  assemblages  of  suns  and 
systems  of  worlds,  he  is  required  to  connect 
them  in  his  imagination  with  wolves,  lions 
snakes,  and  numerous  fantastical  figures, 
which  are  bent  and  twisted  into  unnatural 
shapes,  which  have  as  little  resemblance  to 
the  objects  in  the  heavens  as  the  gloom  of 
midnight  to  the  splendours  of  the  meridian 
mm.  Such  representations  have  a  tendency 
to  convey  to  juvenile  minds  a  mean  idea  of 
the  most  august  bodies  in  nature,  and  of  the 


ample  spaces  which  surround  them,  and  in 
which  they  perform  their  revolutions. 

The  terms  used  in  any  science,  the  mode 
of  communicating  its  instructions,  and  the 
delineations  which  such  instructions  require, 
ought  undoubtedly  to  be  accommodated  to  the 
discoveries  which  have  been  made  in  the 
course  of  ages,  and  to  the  present  state  and 
objects  of  that  science ;  and  unless  we  can 
show  that  the  terms  and  figures  to  which  I 
allude  are  the  best  calculated  to  the  present 
state  and  objects  of  astronomical  science,  and 
fitted  to  assist  the  student  in  forming  natural 
and  correct  ideas  of  the  arrangement  of  the 
celestial  orbs,  it  is  expedient  that  some  change 
and  improvement  in  this  respect  should  be 
adopted,  in  accordance  with  the  new  modifica- 
tions and  arrangements  which  have  been  in- 
troduced into  other  departments  of  science. 
The  propriety  of  introducing  some  changes 
in  delineating  the  constellations,  and  in  their 
nomenclature  may  perhaps  appear  from  tlie 
following  considerations : 

1.  The  natural  and  hieroglyphic  figures 
now  in  use  have  no  resemblance  to  the  groups 
of  stars  they  are  intended  to  represent.  What 
resemblance,  for  example,  exists  between  an 
eagle,  a  wolf,  a  centaur,  a  flying-fish,  or  Her- 
cules with  his  cluh — and  the  constellations 
which  bear  their  names  and  are  attempted  to 
be  delineated  by  their  figures]  Even  when 
imagination  has  stretched  itself  to  the  utmo:Ji 
.651) 
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in  order  to  fancy  a  resemblance,  it  is  obliged 
to  represent  such  creatures  in  the  most  un- 
natural positions ;  and  after  all,  it  is  found 
impossible  to  bend  and  twist  their  wings,  and 
legs,  and  tails,  and  claws,  in  such  a  manner 
as  to  take  in  all  the  stars  in  the  group,  some 
pretty  conspicuous  ones,  being  still  left  un- 
formed in  the  intermediate  spaces.  Besides, 
the  discovery  of  new  stars  by  the  telescope 
has  now  completely  deranged  the  figures  of 
the  ancient  constellations ;  so  that  however 
much  the  legs,  arras,  and  feet  of  the  figures 
may  be  twisted,  they  cannot  be  made  to  coin- 
cide with  hundreds  of  stars  which  are  known 
to  exist.  The  only  constellations  which  may 
be  said  to  bear  a  very  rude  resemblance  to 
the  natural  figures  are  Orion  and  Ursa  Major ; 
but  even  in  these  the  resemblance  is  very  dis- 
tant. Hence  what  is  commonly  called  a  bear 
is  also  conceived  to  resemble  a  plough  and  a 
wagon,  and  is,  by  the  vulgar,  distinguished 
by  these  names.  Hence,  also,  different  na- 
tions represent  the  same  constellation  by  dif- 
ferent figures  ; — thus,  instead  of  our  hierogly- 
phic delineations,  the  Hindoos  have  bespat- 
tered the  firmament  with  bedsteads,  dogs'  tails, 
ear-rings,  couches,  elephants'  teeth,  cats* 
claws,  red  saffron,  children's  pencils,  lions'  tails, 
festoons,  wheels,  razors,  pieces  of  coral,  pearls, 
and  other  whimsical  objects  equally  appro- 
priate.* 

In  a  judicious  comparison  of  the  figures  of 
the  different  clusters  of  stars  with  any  other 
object,  for  the  purpose  of  a  name  or  reference, 
the  figure  of  the  particular  cluster  ought  first 
to  be  accurately  considered,  and  then  an  ob- 
ject, having  as  near  a  relation  to  it  as  possible, 
should  be  fixed  upon  as  its  representation. 
But  an  order  exactly  the  reverse  of  this 
seems  to  have  been  adopted  by  the  ahcients 
in  their  arrangement  and  nomenclature  of  the 
constellations.  They  first  fixed  upon  the 
heroes,  animals,  and  mythological  figures 
which  they  intended  to  place  in  the  celestial 
vault ;  and  then  attempted,  if  possible,  to  bend 
the  clusters  of  stars  to  correspond  with  them 
— a  most  absurd,  unscientific  and  unnatural 
procedure.  And  shall  all  succeeding  astrono- 
mers in  every  nation  tacitly  give  their  appro- 
bation of  such  rude  and  injudicious  arrange- 
ments, as  if  they  were  unqualified  for  forming 
a  more  scientific  and  definite  outline  of  the 
sublime  spaces  of  the  firmament  ] 

2.  The  figures  now  in  use  tend  to  convey 
a  mean  idea  of  the  objects  they  are  intended 
to  represent.  When  the  stars  were  considered 
as  merely  a  number  of  tapers  or  studs  fixed 
in  the  vault  of  heaven,  solely  for  the  purpose 
of  shedding  a  fewglimering  rays  on  the  earth 

♦  See  •' Asiatic  Researches/'  Vol.  ii.  Art  Id- 
Antiquity  of  the  Indian  ZodiaCo 
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and  adorning  the  canopy  of  our  habitation,  ii 
might  not  appear  quite  so  incongruous  to  i  > 
present  their  different  groups  by  "  coiTuptille 
men,  and  birds,  and  four-footed  beasts,  a)  id 
creeping  things.'*  But  now  that  the  astrono- 
mer views  the  stars  as  so  many  suns  and  sj  s- 
tems  of  worlds,  dispersed  through  the  immen- 
sity of  space,  the  association  of  such  august 
objects  with  representations  so  silly  arta 
whimsical  as  the  mythological  figures  delineat- 
ed on  our  globes,  produces  not  only  a  ludi- 
crous effect  by  the  greatness  of  the  contrast, 
but,  for  the  same  reason,  tends  to  lessen  the 
idea  of  sublimity  which  naturally  strikes  the 
mind  on  the  contemplation  of  such  a  stupen- 
dous scene.  Every  one  knows  how  much 
things  great  and  noble  are  debased  by  being 
placed  in  intimate  connexion  with  little  and 
ignoble  objects,  and  must  feel  the  force  of 
this  association  in  the  following  lines  oi 
Hudibras: 

"  And  now  had  Pbcehiis  in  the  lap 
Of  Thetis  taken  out  his  nap  ; 
And  like  a  lobster  boil'd,  the  morn, 
From  black  to  red  began  to  turn." 

Again — 

"  Cardan  believed  great  states  depend 
Upon  the  tip  of  the  Bear's  tail's  enil ; 
That  as  she  vvhisk'd  it  towards  the  sun, 
Strew'd  mighty  empires  up  and  down  ** 

Agaiu' — 

"Who  made  the  Balance,  and  whence  came 

The  Btill,  the  Lion,  and  the  Rain  ? 

Did  not  we  liere  the  Jirgo  rig  1 

Wake  Berenice's  Periwig^ 

Whose  livery  does  the  Coachman  wca.r  "l 

Or  who  made  Cassiopeia* s  chair  1 

And  therefore  as  they  came  from  hence, 

Witli  us  may  hold  intelligence." 

Such  an  effect  the  celestial  hieroglyphics 
ha\'e  a  tendency  to  produce,  when  placed  in 
association  with  the  august  objects  of  the 
sky. 

3.  They  tend  to  lead  us  back  to  the  dark 
and  rude  ages  of  the  world,  and  to  familiarize 
our  minds  to  those  crude,  chimerical,  and  ab- 
surd conceptions  which  ought  now  to  descend 
into  oblivion.  The  signs  of  the  zodiac  and 
most  of  the  other  constellations  were  invented 
by  the  Egyptians  or  Chaldeans  to  perpetuate 
the  memory  of  some  of  their  rude  and  bar- 
barous heroes,  to  assist  them  in  their  absurd 
and  idolatrous  worship,  or  to  serve  the  foolish 
and  impious  pretentions  of  astrology.  In  neither 
of  these  respects  can  the  celestial  hieroglyphics 
be  interesting  or  instructive  to  the  modem 
student  of  astronomical  science  ;  but  they  are, 
in  almost  every  point  of  view,  associated  with 
opinions,  practices,  and  representations,  which 
deserve  the  most  marked  reprobation:  they 
also  distract  the  attention  by  turning  it  aside 
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from  the  direct  objects  of  the  science  to  the 
investigation  of  their  fabulous  history.  How 
ridiculous  the  story  of.  Calisto  and  her  son 
Arces,  whom  the  rage  of  Juno  turned  into 
bears,  which  now  circulate  about  the  north 
pole! — the  story  of  Medusa,  whose  golden 
hair  Minerva  turned  into  snakes,  and  of  the 
winged  horse  which  sprung  from  the  blood 
which  gushed  out  in  striking  off  Medusa's 
head  ! — the  story  of  Orion,  who  was  produced 
from  the  hide  of  an  ox  moistened  with  wine  I — 
the  story  of  the  Dragon  which  guarded  the 
golden  apples  in  the  garden  of  the  Hesperides, 
and  was  taken  up  to  heaven  and  made  a  con- 
stellation on  account  of  his  faithful  services  ! — 
the  story  of  Andromeda,  of  the  Swan,  of  Per- 
seus, and  a  hundred  others  of  a  similar  de- 
scription ! 

Such  is  the  heaven  of  the  pagans — a  com- 
mon receptacle  of  all  ranks  of  creatures,  real 
and  imaginary,  without  distinction  or  order  ; 
a  wild  miscellany  of  every  thing  that  is  false, 
grotesque,  and  chimerical.  Such  fantastical 
groups,  which  occupy  the  "  houses  of  the  Zo- 
diac," and  other  compartments  of  the  sky, 
may  comport  with  the  degrading  arts  of  the 
astrologer,  but  they  are  not  only  incompetent  to 
the  purposes,  but  completely  repugnant  to  the 
noble  elevation  of  modern  astronomical  science. 
How  incongruous,  then,  is  it  that  such  repre- 
sentations, the  wilest  hallucinations  of  the  hu- 
man mind,  should  be  blazoned  in  such  brilliant 
colours  upon  our  globes,  and  that  a  consi- 
derable portion  of  our  astronomical  treatises 
should  be  occupied  in  detailing  their  mytho- 
logical history  1  Because  a  few  shepherds 
in  the  plains  of  Babylon,  or  on  the  banks  of  the 
Nile,  arranged  and  delineated  the  heavens  ac- 
cording to  the  first  crude  conceptions  which 
arose  in  their  minds,  are  these  chimerical  re- 
presentations to  guide  the  astronomers  of  every 
nation,  and  throughout  all  succeeding  genera- 
tions 1  It  becomes  the  astronomers  of  the 
present  day  to  consider,  whether  they  intend 
to  transmit  to  the  enlightened  generations  of 
the  twentieth  or  thirtieth  centuries  the  sublime 
discoveries  of  modern  times,  which  have  trans- 
formed the  heavens  into  an  immense  assem- 
blage of  suns  and  worlds, — incorporated  and 
disfigured  with  hydras,  gorgons,  flying-horses, 
three-hnaded  dogs,  and  other  "  dire  chimeras  ;" 
or  whether  they  might  not  be  as  well  qualified 
as  the  shepherds  of  Ohaldea  to  reduce  the 
starry  groups,  in  the  concave  of  the  firmament, 
to  a  more  natural,  simple^  and  scientific 
arrangement. 

4.  The  constellations,  as  presently  depicted 
on  our  globes  and  planispheres,  convey  an 
unnatural  and  complex  representation  of  the 
heavens,  which  tends  to  confuse  the  imagina- 
tion of  the  juvenile  student.  On  some  celes- 
tial globes  which  I  have  inspected,  the  natural 
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and  hieroglyphic  figures  are  so  prominently 
engraved,  and  the  colours  with  which  they 
are  bespattered  so  deep  and  vivid,  that  the 
stars,  appeared  not  only  as  a  secondary  ob- 
ject, but  were  almost  invisible,  except  on  a 
very  minute  inspection.  The  animals  were 
so  nicely  drawn,  and  exhi])ited  such  a  glare 
of  variegated  colours,  that  the  sphere  appeared 
more  like  a  young  miss's  plaything  than  a  de- 
lineation of  the  starry  heavens.  It  seemed 
as  if  the  engraver  had  been  afraid  lest  his 
pretty  little  dogs,  and  serpents,  and  scorpions, 
and  flying-horses,  and  crabs,  and  lizards,  should 
have  been  disfigured  by  the  radiated  groups 
of  stars  which  spotted  the  pretty  creatures; 
and  therelbre  he  threw  them  into  the  shade, 
in  order  that  the  artificial  globe,  which  a  late 
philosopher  calls  "  a  philosophic  toy,"  might 
prove  nothing  more  to  the  fair  one,  who  oc- 
casionly  twirled  it  round  its  axis,  than  a 
beautifully-coloured  ball  to  fill  up  a  niche  in 
her  parlour  or  bed-room.  The  same  thing 
appears  in  many  of  our  planispheres  of  the 
heavens,  on  the  first  opening  of  which  one 
would  imagine  he  was  about  to  inspect  the 
figures  connected  with  the  natural  history  of 
ammals,  or  the  fantastical  representations  il- 
lustrative of  the  system  of  pagan  mythology, 
Wliatever  may  be  said  of  the  utility  of  such 
delineations,  it  is  evident  they  present  a  very 
awkward  and  unnatural  representation  of 
the  beautiful  and  variegated  scenery  of  a  star- 
ry sky  ;  and  hence  it  is  that  a  young  person 
who  wishes  to  acquire  a  general  knowledge 
of  the  positions  of  the  principal  stars  finds  it 
extremely  difhcult  to  recognise  them  by  our 
present  maps  and  planispheres,  on  account  of 
their  being  so  much  interwoven  with  extra- 
neous objects,  and,  on  this  account,  presenting 
appearances  so  very  different  from  what  they 
do  in  the  heavens. 

For  these  and  many  other  reasons,  it  ap- 
pears expedient  that  some  change  or  modifi- 
cation should  be  adopted  in  the  arrangement 
and  delineation  of  the  celestial  orbs.  V/ere 
any  scheme  of  this  kind  attempted,  it  would 
be  proper  to  proceed  on  the  following  princi- 
ple, among  others — namely,  to  give  names  to 
the  starry  groups  from  objects  which  bear 
the  nearest  resemblance  to  the  actual  figures 
which  appear  in  the  heavens.  I  shall  not 
presume,  at  present,  to  determine  what  arc 
the  particular  objects  which  might  be  selected 
for  representing  the  constellations ;  as  it  would 
require  a  combination  of  astronomers  to  enter 
particularly  into  the  discussion.  It  is  evident, 
however,  that  a  number  of  clusters  might  be 
reduced  to  mathematical  figures  and  diagrams ; 
and  in  so  far  as  these  were  found  to  resemble 
the  starry  groups,  they  would  form  a  natural 
representation.  For  there  actually  appear  in 
the  heaven — triangles,  squares,  parallelograms, 
iiA"  (553) 
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pentagons,  crosses,  trapeziums,  perpendicular 
and  parallel  lines,  and  various  combinations  of 
geometrical  schemes,  some  of  which  might  be 
selected  for  the  purpose  proposed.  It  would  be 
expedient  that  as  many  as  possible  of  the  old 
constellations  should  be  preserved  entire ;  such 
as  Orion,  Ursa  Major,  and  others ;  and  that 
those  which  behoved  to  be  somewhat  deranged 
should  be  so  divided  as  that  two  or  more  of 
the  new-formed  constellations  should  exactly 
coiTcspond  to  one  of  the  old,  and  vice  versa. 

To  any  proposal  of  this  kind,  however,  I 
am  aware  that  many  objections  would  be 
raised,  particularly  that  it  would  introduce  con- 
fusion into  the  science  of  astronomy,  espe- 
cially when  references  are  made  to  ancient 
catalogues  and  obsei*vations.  It  is  well  known 
however  that  a  similar  difficulty  has  been 
overcome  in  reference  to  the  science  of  chemis- 
try. The  new  nomenclature,  which  was  in- 
tended to  express  the  nature  of  the  substance 
by  the  name  which  is  attached  to  it,  though 
at  first  scouted  by  many  eminent  chemists 
and  philosophers,  is  now  universally  adopted, 
and  has  introduced  both  simplicity  and  pre- 
cision into  the  science.  The  same  may  be 
«!aid  of  the  departments  of  geology,  botany, 
zoology,  mineralogy,  and  meteorology.  The 
principle  now  proposed  in  reference  to  the  con- 
stellations is  materially  the  same  as  that  which 
led  to  the  adoption  of  a  new  chemical  nomencla- 
ture; and,  with  regard  to  the  inconveniences 
attending  a  new  set  of  terms,  it  may  be  ob- 
served, in  the  words  of  M.  Bergman,  that 
"  those  who  are  already  possessed  of  know- 
ledge cannot  be  deprived  of  it  by  new  terms ; 
and  those  who  have  their  knowledge  to  ac- 
quire will  be  enabled,  by  an  improvement  in 
the  language  of  the  science,  to  acquire  it 
sooner." 

The  opposition,  however,  which  is  gene- 
rally made  to  every  innovation,  whether  in 
science  or  religion,  the  high  respect  in  which 
every  thing  is  held  which  has  the  sanction  oi 
antiquity,  the  difficulty  of  forming  such  an  ar- 
rangement as  would  combine  simplicity  with 
accuracy,  and  meet  the  approbation  of  astro- 
nomers, will  probably  postpone  the  attempt  to 
some  distant  period.  I  would  therefore  pro- 
pose, in  the  mean  time,  as  matters  now  stand, 
one  or  other  of  the  following  plans  for  adop- 
tion : — 1.  That  the  stars  be  depicted  on  celes- 
tial globes  and  planispheres  in  their  ti*ue  posi- 
tions, and  apparent  magnitudes,  without  being 
connected  with  any  hieroglyphic  delineations ; 
the  different  constellations  still  retaining  their 
former  names.  By  this  plan,  the  different 
clusters,  not  being  encumbered  and  buried,  as 
it  were,  in  a  medley  of  grotesque  and  extra- 
neous representations,  would  appear  in  their 
natural  simplicity,  without  distortion  and  con- 
fusion, so  that  the  globe,  being  rectified  to  any 
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particular  position  of  the  heavens,  would  ap* 
pear  a  natural  as  well  as  accurate  represen- 
tation of  the  corresponding  orbs  of  the  firma- 
ment. To  distinguish  the  boundaries  of  the 
constellations,  a  dotted  line  might  be  drawn 
around  them,  and  each  of  them  receive  a  very 
slight  tint  of  colouring,  so  that  their  shape 
and  limits  may  be  distinguished  at  a  glance.. 
Or,  2.  Instead  of  engraving  the  stars  on  a 
white  ground,  as  is  always  done  on  the  globes, 
let  them  be  engraved  on  a  black  or  a  dark-blue 
ground,  so  that  the  several  stars  may  appear 
as  so  many  white  specks,  varying  in  size  ac- 
cording to  their  apparent  magnitudes,  with  a 
white  border  (which  might  be  coloured  if 
deemed  expedient)  around  each  constellation, 
to  mark  its  boundaries.  On  this  plan  the 
principal  stars  in  the  constellation  Orion^ 
with  its  boundary,  would  appear  nearly  as 
represented  in  the  following  cut. 


This  mode  of  delineation  would  exhibit  the 
most  natural  representation  which  can  be 
made,  on  a  convex  surface,  of  the  appearance 
of  the  starry  sky.  I  am  fully  persuaded  that 
globes,  with  either  of  these  modes  of  delinea 
tion,  particularly  the  last,  would  be  prized  by 
a  numerous  class  of  individuals ;  as  I  have 
seldom  conversed  with  any  person  on  this  sub- 
ject who  would  not  have  preferred  such  a 
simple  and  natural  delineation  to  those  which 
are  bespattered  with  the  mythological  figures. 
Should  it,  however,  be  deemed  necessary,  in 
cases  of  particular  and  minute  reference,  to 
have  globes  and  planispheres  on  the  common 
plan,  a  number  of  delineations  of  botli  kindi? 
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might  be  engraved  to  suit  the  taste  of  diffe- 
rent individuals;  and  those  to  whom  monej' 
is  no  great  object  would  furnish  themselves 
with  OTie  of  each  description,  so  that  the  one 
globe  would  prove  a  mutual  assistance  to  the 
other.* 

That  the  opinions  1  have  now  expressed  on 
this  subject  are  not  altogether  singular  will 
appear  from  the  following  extract  from  Sir  J. 
Herschel's  "Astronomy."  "Of  course  we 
do  not  here  speak  of  those  uncouth  figures 
and  outlines  of  men  and  monsters  which  are 
usually  scribbled  over  celestial  globes  and  maps, 
in  a  rude  and  barbarous  way,  to  enable  us  to 
talk  of  groups  of  stars,  or  districts  in  the 
heavens,  by  names  which,  though  absurd  or 
puerile  in  their  origin,  it  would  be  diflicult  to 
dislodge  them.  In  so  far  as  they  have  really 
any  slight  resemblance  to  the  figures  called  up 
in  imagination  by  a  view  of  the  more  splendid 


*  constellations,'  they  have  a  certain  conve- 
nience ;  but  as  they  are  othei"wise  entirely  arbi- 
trary, and  correspond  to  no  natural  subdivi- 
sions or  groupings  of  the  stars,  astronomers 
treat  them  lightly,  or  altogether  disregard 
them,  except  for  briefly  naming  particular 
stars,  as  a  Leonis,  j3  Scorpio,  &c.,  by  letters 
oi  the  Greek  alphabet  attached  to  them." 
And  again,^ — "  This  disregard  is  neither  super- 
cilious nor  causeless.  The  conitellations 
seem  to  have  been  almost  purposely  named 
and  delineated  to  cause  as  much  confusion 
and  inconvenience  as  possible.  Innumerable 
snakes  twine  through  long  and  contorted  areas 
of  the  heavens,  where  no  memory  can  follow 
them ;  bears,  lions,  and  fishes,  large  and  small, 
northern  and  southern,  confuse  all  nomencla- 
ture, &c.  A  better  system  of  constellations 
might  have  been  a  material  help  as  an  artifi 
cial  memory  ."-j- 


CHAPTER  IVe 

On  the  Distances  of  the  Stars* 


To  measure  the  length  and  breadth  of  an 
extensive  kingdom,  and  to  compute  its  dimen- 
sions, or  to  determine  the  distances  between 
two  large  islands  or  continents,  was  formerly 
reckoned  an  achievement  of  considerable 
magnitude ;  but  to  measure  the  whole  earth, 
to  compute  its  area,  and  to  determine  its  ex- 
act figure  and  magnitude,  were  considered  as 
the  most  astonishing  enterprises  ever  attempt- 
ed by  man,  and  almost  beyond  the  reach  of 
the  powers  with  which  he  is  endowed.  Con- 
fined to  a  small  spot  in  the  world  in  which 
he  dwells,  having  no  scale  of  measurement, 
in  the  first  instance,  but  his  own  dimensions, 
or  the  length  of  a  rod  or  chain  formed  from 
these  dimensions,  how  can  he  measure  spaces 
hundreds  of  times  greater  than  the  extent  of 
his  whole  visible  horizon  ?  how  can  he  com- 
pute the  distance  and  dimensions  of  places 
which  he  has  never  visited,  and  some  of  which 
he  never  can  visit,  and  embrace  the  whole 
amplitude  of  a  world  which  has  never  been 
thoroughly  explored  1    The  height  of  his  body 

♦  The  above  remarks  are  abridged  from  two 
papers  on  this  subject,  which  the  author  commu- 
nicated twenty  years  ago  to  the  London  "Month- 
ly Maj?azine"  for  October,  1818,  and  January, 
1819,  Vol.  46,  pp.  201,  and  500. 

f  Since  the  above  was  written  in  April,  1838,  I 
am  happy  to  learn  that  the  "British  Association 
for  the  advancement  of  Science"  has  had  its  at- 
tention directed  to  this  subject.  At  the  meeting 
at  New  Castle  in  August,  1838,  it  was  resolved, 
"  That  it  is  desirable  that  a  revision  of  the  nomen- 
clature of  the  stars  should  be  made,  with  a  view 
to  ascertain,  whether  or  not  a  more  correct  distri- 
bution of  them  among  the  present  conste'!r.tions, 
or  such  other  consjellations  as  it  may  be  consi- 
dered desirable  to  adopt,  may  be  formed."    At 


is  but  a  fathom,  and  the  length  of  his  chain 
but  a  score  of  fathoms,  and  such  measures 
dwindle  into  mere  points  when  compared  with 
the  dimensions  of  the  earth.  Hence  it  hap- 
pened that  many  ages  elapsed  before  the  figure 
and  dimensions  of  the  world  in  which  we 
dwell  were  nearly  ascertained.  The  powers 
of  the  human  mind,  however,  when  called 
into  action  and  properly  exercised,  are  not 
only  capable  of  such  enterprises,  but  adequate 
to  the  performance  of  still  more  elevated 
achievements.  When  the  mind  of  man  is 
determined  on  the  pursuit  of  knowledge,  and 
bent  upon  improvement,  difficulties,  however 
great,  only  serve  as  incitements  to  action  and 
perseverance,  and  to  stimulate  his  energies  to 
their  highest  pitch  of  exertion.  He  multiplies 
small  meacures  till  he  arrive  at  gi-eater;  he 
combines  units  into  tens,  tens  into  hundreds, 
hundreds  into  thousands,  and  thousands  into 
miUions.  He  combines  lines  into  angles, 
angles  into  triangles;  compares  triangles, 
squares,  and  circles  together ;  ascertains  their 

the  meeting  at  Birmingham,  August,  1839,  the 
committee  appointed  to  report  on  this  subiecl 
stated,  "That  some  progress  has  been  made  in 
reforming  the  nomenclature  of  the  northern  con- 
stellations ;  and  that  the  stars  in  the  southern 
have  been  commenced  laying  down  on  a  plani- 
sphere, according  to  their  observed  actual  magni- 
tudes, for  the  purpose  of  grouping  them  in  a  more 
convenient  and  advantageous  manner."  It  is 
lioped,  ""erefore,  that  we  shall  soon  be  presented 
with  an  arrangement  and  nomenclature  of  th« 
starry  groups,  accordant  with  the  sublime  con- 
ceptions and  discoveries  of  modern  astronomy, 
and  which  shall  present,  on  our  globes  and  plani- 
spheres, a  more  perspicuous  and  natural  lepre- 
senlation  of  the  heavens. 
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peculiai  properties  and  relations;  and,  from 
the  concliisions  he  deduces,  constructs  instru- 
ments and  ascertains  principles  which  enable 
him  not  only  to  measure  the  dimensions  of 
this  lower  world,  but  the  magnitudes  and  dis- 
tances of  the  globes  which  roil  around  him  in 
the  heavens. 

There  is  no  saying  at  what  point  the  hu- 
man faculties  will  stop  when  once  they  are 
aroused  to  active  operation,  and  stimulated 
to  exert  all  their  energies.  We  have  not 
only  ascertained  the  bulk  of  the  terraqueous 
globe,  its  spheroidal  figure,  its  diurnal  arid 
armual  motions,  and  the  relation  in  which  it 
stands  to  other  bodies  in  the  universe,  but 
we  have  determined  the  dimensions  of  the 
Bolar  system,  and  the  distances  and  magni- 
tudes of  most  of  the  bodies  it  contains,  so 
that  we  can  now  speak  with  as  much  cer- 
tainty of  the  distance  of  the  sun,  or  of  Jupiter 
and  Saturn,  as  we  can  do  of  the  distance  of 
London  from  Paris,  or  of  the  distances  of  any 
two  places  on  the  surface  of  the  earth.  This 
is  an  achievement  which  at  first  view  might 
have  appeared  beyond  the  power  of  human 
genius  to  accomplish ;  but  by  the  unwearied 
observations  of  modern  astronomers,  and  the 
application  of  mathematical  principles  to  such 
observations,  they  have  been  enabled  to  trace 
the  exact  movements  of  the  machinery  which 
is  in  operation  around  us,  and  to  determine 
with  precision  the  relative  distance  and  posi- 
tion of  every  planet  within  the  system  of  the 
sun.  There  are  limits,  however,  beyond 
which  it  is  difficult  for  the  human  faculties  to 
penetrate.  The  planetary  system  comprises 
an  area  so  vast  that  imagination  is  almost  lost 
in  the  conception.  A  circle  drawn  around 
its  circumference  would  measure  more  than 
eleven  thousand  millions  of  miles ;  and  a  body 
moving  at  the  rate  of  thirty  miles  an  hour 
would  require  above  forty-two  thousand  years 
to  complete  the  circuit;  still  these  vast  di- 
mensions are  within  the  limits  of  measurable 
distance.  But  when  we  attempt  to  pass  be- 
yond the  boundaries  of  this  system  into  the 
illimitable  spaces  which  lie  beyond,  all  our 
usual  modes  of  computation  begin  to  fail,  and 
the  mind  is  overpowered  and  bewildered 
amidst  boundless  space,  and  the  multiplicity 
■of  orbs  which  fill  the  regions  of  immensity. 
We  can  tell  that  some  of  the  nearest  of  these 
orbs  are  not  within  a  certain  distance,  but 
how  far  they  may  lie  beyond  it  the  most  ex- 
pert astronomer  has  never  yet  been  able  to 
compute. 

The  principal  mode  by  which  the  distance 
of  the  fixed  stars  has  been  attempted  to  be 
determined  is  by  endeavouring  to  ascertain 
whether  any  of  them  have  an  annual  paral- 
ktx.  I  have  already  explained  the  mode  by 
which  the  distances  of  the  sun,  moon,  and 
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planets  is  determined  by  means  of  the  h\)rt 
zontal  parallax,  or  the  angle  under  which 
the  earth's  semi-diameter  is  seen  at  any  of 
these  bodies.*  But  such  a  mode  is  altogether 
inapplicable  to  the  fixed  stars,  whose  distance 
from  the  earth  is  so  great  that  the  horizontal 
parallax  is  quite  imperceptible,  Astronomers 
have  therefore  attempted  to  find  a  parallax  by 
using  the  whole  diameter  of  the  earth's  an- 
nual orbit  as  a  base  /me,— namely,  one  hun- 
dred and  ninety  millions  of  miles, — and  en- 
deavouring to  ascertain  whether  any  of  the 
fixed  stars  appear  to  shift  their  position  when 
viewed  from  the  opposite  extremities  of  this 
line.  The  nature  and  mode  of  this  investi- 
gation will  appear  from  the  following  expla- 
nations: 

The  axis  of  the  earth  extended,  being 
carried  parallel  to  Itself  during  its  annual 
revolution  round  the  sun,  describes  a  circle  in 
the  sphere  of  the  fixed  stars  equal  to  the  orbit 
of  the  earth.  Thus,  (fig.  5,)  let  A  B  C  D 
be  the  orbit  of  the  earth,  S  the  sun,  the  dot- 
ted fines  the  axis  of  the  earth  extended ;  this 
axis,  when  the  earth  is  at  A,  points  at  a  in 
the  sphere  of  the  heavens  ;  when  the  earth  is 
at  B,  it  points  at  b  ;  when  at  C,  it  points  at 
c ;  and  when  at  D,  it  points  at  d ;  so  that  in 
the  course  of  a  year  it  describes  the  circle  a  b 
c  din  the  sphere  of  the  heavens,  equal  to  the 
circle  A  B  C  D.  But  although  the  orbit  of 
the  earth,  and  consequently  the  circle  a  h  c  d, 
be  immensely  large,  no  less  than  many  mil- 
lions of  miles  in  diameter,  yet  it  is  but  a  point 
in  comparison  of  the  boundless  sphere  of  the 
heavens.  The  angle  under  which  it  appears 
to  an  inhabitant  of  the  earth  is  insensible  by 
any  instruments  or  observations  that  have 
hitherto  been  made,  and  therefore  the  celes- 
tial poles  appear  in  the  same  points  of  the 
heavens  during  the  whole  of  the  earth's  an- 
nual course.  The  star  H  is  nearer  the  point 
a  than  it  is  to  the  point  c  by  the  whole  length 
of  the  line  a  c,  yet  if  this  line  a  c,  great  as  it 
is  when  viewed  from  the  earth,  should  occupy 
no  sensible  space  in  the  sphere  of  the  heavens, 
the  star  will  appear  at  the  same  distance  from 
the  pole  throughout  every  portion  of  the  an- 
nual revolution,  and  consequently  will  have 
no  parallax, — ^which  is  found  to  be  the  fact. 

If  the  annual  parallax  of  a  fixed  star  were 
sensible,  the  star  would  appear  to  change  its 
place  so  as  to  describe  a  small  ellipsis  in  the 
sphere  of  the  heavens  in  the  course  of  a  year, 
or  an  annual  revolution  of  the  earth.  Thus, 
let  G  E  F  I  (fig.  6)  be  the  orbit  of  the  earth, 
and  K  the  star  to  be  observed,- — if  we  ima- 
gine a  straight  line  to  be  drawn  from  the 
earth  at  G  through  the  star  to  a  point  in  the 
heavens,  as  at  i,  that  visual  line  G  t  being 
carried  along  with  the  earth  in  its  annua' 
♦  "  Celestial  Scenery,"  pp.  141,  142. 
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motion,  will  describe  the  ellipse  h  n  i\  in 
other  words,  the  motion  of  the  earth  round 
\\a  orbit  G  E  F  I  will  make  the  star  appear 


Fig.  6. 


Fig.  6. 


to  go  round  the  ellipse  A  n  i.  If  the  star  K 
were  in  the  ftole  of  the  ecliptic,  the  ellipse  it 
described  would  have  the  same  eccentricity 
as  the  orbit  of  the  earth,  and  consequently 
would  differ  very  little  from  a  circle ;  if  it  were 
at  any  distance  from  the  pole  of  the  ecliptic,* 
the  greater  that  distance,  the  more  oblong 
would  be  the  ellipse.  If  the  star  were  in  the 
plane  of  the  ecliptic,  the  ellipse  would  become 
a  straight  line,  as  i  k,  in  which  the  star  would 
appear  to  move  one-half  of  the  year  accordi  g 
to  the  order  of  the  signs,  and  contrary  tr  the 
order  of  the  signs  during  the  other  !*alf, — 
somewhat  similar  to  the  appearance  which 
the  moons  of  Jupiter  present  when  moving 
between  the  opposite  points  of  their  orbits. 
If  therefore  the  stars  were  at  a  moderate  dis- 
tance from  the  earth,  so  that  the  diameter  of 
the  earth's  orbit,  G  i^,  bore  a  sensible  pro- 
portion to  that  distance,  the  star  would  be 
found  at  one  time  of  the  year,  suppose  the 
month  of  December,  at  the  point  i,  and  at 
the  opposite  season,  in  the  month  of  June,  at 
the  point  h  ;  and  if  the  angle  i  K  h,  which  is 
equal  to  the  angle  G  K  F  could  be  found, 

*  Th«  pole  of  the  ellippe  is  that  point  in  the  hea- 
vens which  is  farthest  distant  from  the  plane  of 
the  earth's  orbit,  or  90°  from  every  part  of  it,  as 
the  north  pole  of  the  earth  is  the  point  distant  90°. 
from  the  equat^)r.  The  pole  of  any  circla  is  a  point 
on  the  surface  (»f  the  sphf^re  90"  distant  from  every 
part  of  that  circle  of  which  it  is  the  pole. 


it  would  constitute  what  is  termed  the  annua 
parallax;  and  having  obtained  this  parallax, 
and  knowing  the  extent  of  the  base  line  G  jP, 
or  the  diameter  of  the  earth's  oibit,  the  dis- 
tance of  the  stars  whose  parallax  was  ascer- 
tained could  then  be  determined  by  an  easy 
process  in  trigonometry ;  for  as  radius  .*  is  to 
the  sine  of  the  angle  «  K  h  =  GKF:  :  so  is 
the  diameter  of  the  orbit  of  the  earth,  190,- 
000,000  oi  miles :  to  a  fourth  numbeji^  which 
would  express  the  distance  of  the  particular 
stars  from  our  globe. 

But  this  angle,  in  respect  to  any  of  the  stars, 
has  never  yet  been  ascertained ;  although  as- 
tronomers for  more  than  a  century  past  have 
used  the  most  accurate  histruments  which 
ingenuity  could  contrive,  and  the  most  un- 
wearied observations  in  order  to  determine  it. 

Galileo  appears  to  have  been  the  first  who 
thought  of  trying  whether  the  annual  paral- 
lax of  the  stars  were  discoverable.  Taking 
for  granted  that  the  stars  are  placed  at  diffe- 
rent distances  from  the  earth,  and  that  those 
stars  which  are  nearest  will  appear  the  largest, 
he  suggested  that,  by  observing  with  a  tele- 
scope two  stars  very  near  each  other,  one  of 
the  greatest  and  the  other  of  the  least  magni- 
tude, their  apparent  dii^tance  from  each  other 
might  perhaps  be  found  to  vary  as  they  were 
viewed  from  different  parts  of  the  earth's  or- 
bit at  different  times  of  the  year;  but  no 
change  of  position  whatever  was  at  that  period 
perceived. 

If  any  change  of  this  kind  were  perceptible, 
it  behoved  to  be  a  change  either  in  the  longi- 
tude or  latitude  of  the  stars  fixed  upon  as  the 
subject  for  observation.  These  are  found,  not 
directly,  but  by  first  determining  their  declina- 
tion and  right  ascension.  The  declination 
of  a  star  is  found  by  taking  its  meridian  alti- 
tude, and  subtracting  the  height  of  the  equa- 
tor; the  right  ascension  is  found  by  the  time 
of  its  coming  to  the  meridian.-j-  We  have 
thus  two  methods  pointed  out  of  attempting 
to  determine  the  annual  parallax  of  the  stars: 
one,  by  observing  if  any  change  can  be  dis- 
covered in  the  meridian  altitudes  of  the  same 
star  at  different  times  of  the  year  ;  the  othery 
by  examining  whether  the  intervals  of  time 
between  any  two  stars  coming  to  the  meridian 

fThe  latitude  of  a  star  is  its  distance  from  ths 
ecli-ptic.enlxev  north  or  south,  counted  towards  the 
pole  of  the  ecliptic.  Its  longitude  x"  its  distance 
from  the  first  point  of  Aries,  reckoned  eastward 
on  the  ecli-ptiCi  The  declination  of  a  star  is 
its  distance  from  the  equinoctial  north  or  south, 
and  the  greatest  declination  it  can  have  is  90" 
Its  right  ai>censio7i  is  its  distance  from  the  first 
point' of  Aries,  reckoned  on  the  equinoctial  east, 
ward  round  the  sphere  of  the  heavens,  or  thaj 
degree  of  the  equinoctial  which  couies  to  the 
meridian  with  the  star.  Bv  the  right  ascension 
and  declination  ^he  situation  of  stars  in  ihe 
heavens  is  determined,  as  that  of  places  on  the 
earth  by  longitude  and  latitude. 
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are  equal  throughout  the  year.  If  there  be 
any  sensible  change  of  declination  in  any  of 
the  stars,  it  must  be  greatest  in  those  which 
are  near  the  poles  of  the  ecliptic ;  but  the 
change  of  right  ascension  must  be  greatest  in 
stars  in  the  solstitial  colure,  and  nearest  the 
pole  of  the  equinoctial. 

The  following  is  the  plan  by  which  the  dis- 
covery of  the  annual  parallax,  by  the  change 
jf  the  declination  of  the  stars,  may  be  at- 
tempttid.  Let  a  telescope  be  placed  perpen- 
dicular to  the  horizon,  and  through  this  instru- 
ment, when  accurately  adjusted,  observe  some 
star  in  or  near  the  solstitial  colure,*  which 
passes  through  the  zenith,  or  very  near  it.  If 
the  parallax  of  the  star  be  sensible,  there  will 
appear  a  difference  in  its  altitudes  at  different 
periods  of  the  year,  and  its  altitudes  at  the  two 
tfolstices-j-  will  differ  most  from  each  other. 
?n  the  month  of  June  a  star  that  passes 
through  the  zenith  of  any  place,  in  north  lati- 
tude, will  in  December  pass  south  of  the  ze- 
nith, and  a  star  that  in  December  passes 
through  the  zenith  will  in  June  pass  to  the 
north  of  it,  if  there  be  any  sensible  parallax. 

The  celebrated  Dr.  Robert  Hook  was  among 
the  first  who  suggested  this  method  of  attempt- 
ing to  find  the  parallax  of  the  stars.  In  the 
year  1669  he  endeavoured  to  put  it  in  prac- 
tice at  Gresham  College,  with  a  telescope 
thirty-six  feet  in  length.  His  observation  was 
made  on  the  6th  of  July,  on  the  bright  star 
in  the  head  of  Draco  marked  Gamma,  On 
that  day  it  passed  2'  1 2''  north  of  the  zenith. 
On  July  9th  it  passed  at  the  same  distance  as 
before.  On  the  6th  of  August  the  star  passed 
north  of  the  zenith  2'  6'',  and  on  the  21st  of 
October  it  passed  1'  48'^  north  of  the  zenith. 
But  at  that  period  astronomical  instruments 
were  not  constructed  with  such  accuracy  as  to 
enable  the  observer  to  determine  with  preci- 
sion the  quantity  of  so  small  angles ;  and  even 
Dr.  Hook  himself  could  place  no  great  reli- 
ance on  such  observations.  In  the  year  1689, 
Flamstead,  the  astronomer  royal,  commenced 
similar  observations  with  an  instrument  adapted 
to  a  refracting  telescope  seven  feet  long,  and, 
after  numerous  observations,  he  supposed  that 
he  found  the  pole  star  nearer  the  pole  in  De- 
cember than  in  the  months  of  April,  May, 
July,  August,  or  September;  and  that  its  ap- 
parent distance  from  the  pole  was  greater  in 

♦  The  colures  are  two  great  circles  passing 
through  the  poles  of  the  wor^d ;  one  of  them 
passes  through  the  equinoctial  points  Aries  and 
Libra,  which  is  called  the  equinoctial  colure  ;  two 
other  through  the  solstitial  points  Cancer  and 
Capricorn,  called  the  solstitial  colure.  They  are 
drawn  on  all  celestial  globes  and  planispheres. 

f  The  solstitial  points,  or  solstices,  are  where 
the  eclintic  touches  the  first  points  of  Cancer  and 
Capricorn.  The  summer  solstice  is  on  the  21st  of 
June ;  the  win'er  solstice  is  on  the  21st  of  De- 
eember. 
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April  than  in  September,  and  greater  in  Saly 
and  May  than  in  April ;  and  from  the  whole 
of  his  observations  he  deduced  that  its  appa- 
rent distance  from  the  pole  in  June  must  be 
forty-six  seconds  different  from  that  in  De- 
cember. But  even  Flamstead  himself  speaks 
of  these  observations  with  a  great  deal  of 
diffidence,  owing  to  his  doubts  about  the  regu- 
lar divisions  of  his  instruments. 

From  these  observations  of  Hook  and  Flam- 
stead, supposing  them  to  be  nearly  correct, 
Mr.  Whiston  computed  that  the  greatest  an- 
nual parallax  of  a  star  in  the  pole  of  the  eclip- 
tic is  forty-seven  seconds;  and  hence  he  cal- 
culated the  distance  of  such  stars  to  be  about 
9000  semidiameters  of  the  earth's  orbit,  then 
estimated  at  eighty  millions  of  miles,  or  about 
700,000,000,000,  that  is  seven  hundred  thou- 
sand millions  of  miles, — a  distance  so  great 
that  it  would  require  a  cannon  ball,  moving 
500  miles  an  hour,  more  than  160,000  years 
to  moYB  across  this  immense  interval.  But 
we  have  reason  to  believe  that  the  distance 
of  the  nearest  stars  from  our  globe  is  at  least 
forty  times  the  distance  now  stated ;  for  mfy^ 
dern  astronomers  would  long  since  have  de-» 
termined  the  annual  parallax  had  it  been 
nearly  so  great  as  Hook  and  Flamstead  sup- 
posed ;  nay,  had  it  amounted  to  2^'  instead  of 
of  47''  this  grand  problem,  as  it  respects  the 
nearest  stars,  would  have  been  resolved. 

The  human  mind,  when  ardently  engaged 
in  the  pursuit  of  any  object,  is  seldom  deterred 
by  difficulties  ;  and  astronomers  in  particular, 
notwithstanding  the  intricacies  and  difficulties 
connected  with  many  of  the  objects  of  their 
investigation,  have  persevered  in  their  obser- 
vations and  researches,  and  have  not  unfre- 
quently  arrived  at  the  most  important  and  un- 
expected results.  In  the  year  1725,  Mr. 
Molyneux,  doubtful  of  the  accuracy  of  the 
observations  of  Hook  and  Flamstead,  began 
a  series  of  observations,  to  ascertain,  if  possi- 
ble, the  true  annual  parallax.  Assisted  by 
Dr.  Bradley,  he  placed  a  telescope  of  twenty- 
four  feet  long  perpendicularly  at  his  house  at 
Kew,  and  began  to  observe  the  same  bright  star 
in  Draco  as  Hook  had  done.  From  the  3d  of 
December  that  year  it  was  found  that  the  star 
did  not  sensibly  change  its  distance  from  the 
zenith  for  several  days.  On  December  17lh 
it  passed  a  little  more  southerly,  and  continued 
gradually  to  pass  more  and  more  southerly  at 
every  transit  over  the  meridian  till  the  begin- 
ning of  March,  when  it  was  found  to  pass 
twenty  seconds  more  southerly  than  at  the 
time  of  the  first  observation.  About  the  middle 
of  April  it  appeared  to  be  returning  towards 
the  north,  and  at  the  beginning  of  June  it 
passed  the  meridian  at  the  same  distance  from 
the  zenith  as  in  December,  when  it  was  first 
observed.     From  that  time  it  appeared  moi© 


Hosted  by  Google 


ANNUAL  PARALLAXES, 


35 


titid  more  northerly  at  every  transit  till  Sep- 
tember following,  being"  then  twenty  seconds 
more  northerly  tlian  in  June,  and  no  less  than 
thirty-nine  seconds  more  northerly  than  in 
March.  From  September  the  star  returned 
towards  the  south  till  it  arrived,  in  December, 
at  the  same  situation  in  which  it  was  found  a 
twelvemonth  before. 

The  result  of  these  observations,  so  diffe- 
rent from  what  was  expected,  was  a  matter 
of  great  surprise  to  the  observers ;  for  it  ap- 
peared that  the  star  was  thirty-nine  seconds 
more  northerly  in  September  than  in  March, 
just  the  contrary  to  what  it  ought  to  appear 
by  the  annual  parallax  of  the  stars.  This 
may  be  illustrated  by  the  following  figure  : 


Let  A  B  C  D  represent  the  orbit  of  the 
earth,  and  A  and  C  the  place  of  the  earth  at 
two  opposite  periods  of  the  year ;  then  a  fixed 
object  at  E  will  be  seen  from  the  earth  at  A, 
in  the  line  A  E,  which  will  point  out  its  ap- 
parent place  at  G  in  the  concave  expanse  of 
the  sky.  But  at  the  opposite  period  of  the 
year  it  will  be  seen  from  the  earth  at  C  in  the 
in  .e  C  Ej  which  will  project  its  place  in  the 
heavens  at  F;  so  that  while  the  earth  has 
passed  ^om  ^  to  C  the  object  will  appear  to 
have  moved  from  G  to  F,  through  the  space 
G  F,  provided  there  be  any  sensible  parallax. 
Now,  in  the  case  of  the  observations  stated 
above,  the  observers  who  in  September  saw 
the  star  at  F,  did  in  March  following  observe 
it  bX  K,  in  the  right  line  A  K,  parallel  to  C  F, 
©nd  not  at  G,  where  it  ought  to  have  appeared 


hy  the  parallactic  motion;  so  that,  instead 
of  finding  a  parallax,  they  found  a  result  di- 
rectly opposite  to  what  they  expected,  whicli 
exceedingly  perplexed  the  observers,  and  one 
of  them,  Mr.  Molyneux,  died  before  the  true 
cause  of  it  was  discovered. 

Some  time  afterwards  Dr.  Bradley  rej^cated 
the  same  observations  with  an  instrument  of 
great  accuracy,  to  which  was  appcmded  a 
telescope  twelve  and  a  half  feet  long.  With 
this  instrument,  which  was  so  nicely  adjusted 
that  he  could  depend  upon  it  even  to  half  a 
second,  he  continued  his  observations  for  more 
than  two  years,  not  only  on  the  bright  star  in 
Draco,  above  alluded  to,  but  on  many  other 
stars,  and  always  observed  the  same  appear- 
ances and  arrived  at  the  same  results.  At 
last,  after  many  reflections  and  conjectures  on 
the  subject,  he  arrived  at  the  following  con- 
clusion— namely,  that  the  phenomenon  he 
had  observed  was  owing  to  "  the  progressive 
motion  of  light,  and  the  sensible  proportion 
which  its  velocity  bears  to  the  velocity  of  the 
annual  motion  of  the  earth."  In  other  words, 
that  the  motion  of  light,  combined  with  the 
progressive  motion  of  the  earth  in  its  orbit, 
causes  the  stars  to  be  seen  in  a  different 
position  from  what  they  would  be  if  the  eye 
were  at  rest.  This  position,  after  it  was  ex- 
plained and  demonstrated,  was  considered  as 
one  of  the  most  brilUant  discoveries  which 
had  been  brought  to  light  during  the  last 
century.  It  agrees  with  the  velocity  of  light 
which  had  been  deduced  from  the  eclipses  of 
Jupiter^s  satellites,  and  it  amounts  to  a  sensi- 
ble demonstration  of  the  annual  motion  of 
the  earth.  'I'he  observations  which  led  to 
this  discovery  likewise  prove  the  immense 
distance  of  the  stars  from  the  earth  ;  for  Dr. 
Bradley  assures  us,  from  the  accuracy  with 
which  they  were  conducted,  that  if  the  annual 
parallax  had  amounted  to  so  much  as  one  second 
he  should  have  discovered  it. 

If,  then,  the  greatest  annual  parallax  of 
the  nearest  stars  does  not  amount  to  one 
second,  their  distance  must  be  immense. 
Supposing  the  parallax  to  be  exactly  one 
second,  the  distance  of  a  star  having  this  par- 
allax will  be  found  by  the  following  trigono- 
metrical proportion : — As  the  sine  of  I'':  ia 
to  radius : :  so  is  the  semi-diameter  of  the 
earth's  orbit :  to  a  fourth  number,  which  ex- 
presses the  distance  of  the  star.  New,  a 
parallax  of  one  second  determines  the  object 
to  be  212,000  times  further  from  the  earth 
than  is  the  sun.  The  distance  of  the  sun  is 
95,000,000  of  miles,  which,  multipUed  by 
212,000,  produces  20,140,000,000,000,  or 
more  than  twenty  billions  of  miles.  This 
distance  is  absolutely  certain  :  it  follows,  as  a 
matter  of  course,  if  the  annual  parallax  were 
determined  to  he  one  second.  It  is  the  very 
(559) 
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least  distance  at  which  any  of  the  fixed  stars 
can  be  situated  from  our  globe  ;  but  as  the 
parallax  does  not  amount  to  this  quantity, 
their  distance  must  be  much  further  than  what 
is  here  stated,  perhaps  not  less  than  double  or 
treble  that  di3tance.  We  may  acquire  some 
faint  idea  of  the  immense  distance  stated  above 
by  considering  that  a  cannon  ball,  flying  with 
uniform  velocity  500  miles  every  hour,  would 
require  four  millions,  and  Jive  hundred  and 
ninety-five  thousand  years  before  it  could 
reach  an  object  at  the  distance  we  have  stated. 
Such  are  the  ample  and  inconceivable  dimen- 
sions of  the  spaces  of  the  universe. 

Several  other  methods  have  been  resorted 
to  by  astronomers  in  order,  if  possible,  to  de- 
termine the  distance  of  the  stars,  but  most  of 
them  are  founded  upon  assumptions  which 
have  not  yet  been  proved.  The  celebrated 
Huygens,  as  recorded  in  his  "  Cosmotheoros," 
despairing  of  being  able  to  find  an  annual 
parallax,  resorted  to  the  following  method : — ■ 
supposing  that  the  star  Sirius,  one  of  the 
brightest  fixed  stars  in  the  heavens,  to  be 
equal  in  lustre  and  magnitude  to  the  sun,  he 
endeavoured  to  diminish  the  apparent  diameter 
of  the  sun  to  the  eye,  so  that  it  should  apj^ar 
no  larger  or  brighter  than  Sirius  appears  to  a 
common  observer.  For  this  purpose  he  closed 
one  end  of  a  twelve  feet  tube  with  a  very 
thin  plate,  in  the  middle  of  which  he  made  so 
small  a  hole  that  a  very  minute  glass  globule 
being  put  into  it,  so  very  small  did  the 
sun  appear  to  the  eye  placed  at  the  other  end 
of  the  tube,  that  the  light  transmitted  to  the 
eye  seemed  not  more  splendid  than  that  which 
we  behold  transmitted  from  Sirius  with  the 
naked  eye.  Having  calculated,  on  the  princi- 
ples of  optics,  the  quantity  of  diminution  of 
the  sun's  apparent  diameter,  he  found  it  to  be 
only  the  ^^j-^^^th  part;  or,  the  light  and 
diameter  of  the  sun  appeared  27,664  times 
smaller  than  what  we  daily  see.  Hence  he 
concluded  that  were  the  sun  at  27,664  times 
his  present  distance  from  us,  he  would  appear 
as  small  as  Sirius  ;  and  consequently,  if  Sirius 
be  of  the  same  magnitude  as  the  sun,  the 
distance  of  that  star  must  be  27,664  times 
greater  than  the  distance  of  the  sun  from  the 
earth,  or  2,628,080,000,000,— that  is,  two 
billions,  six  hundred  and  twenty-eight  thou- 
sand and  eighty  millions  of  miles.  This 
method  of  determining  the  distance  of  the 
stars  depends  upon  two  assumptions: — 1st, 
that  the  sun  and  Sirius  are  equal  in  magni- 
tude ;  and  2d,  that  the  eye  judged  correctly 
of  the  equality  of  the  small  intercepted  portion 
of  the  sun  to  Sirius ;  both  of  which  miist  be 
considered  as  uncertain.  But  it  corroborates 
the  general  position  of  the  very  great  distance 
of  the  stars. 

On  a  principle  somewhat  similiar,  but  by 
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experiments  conducted  with  far  greater  ac- 
curacy, Dr.  Wollaston  endeavoured  to  deter 
mine  the  same  problem  in  relation  to  the  stars. 
"  This  gentleman,"  Sir.  J.  Herschel  remarks, 
"  by  direct  photometrical  experiments,  open, 
as  it  would  seem,  to  no  objections,  has  as- 
certained the  light  of  Sirius,  as  received  by 
us,  to  be  to  that  of  the  sun  as  1  to  20,000, 
000,000.  The  sun,  therefore,  in  order  that 
it  should  appear  to  us  no  brighter  than  Sirius, 
would  require  to  be  removed  141,400  times  its 
actual  distance.  We  have  seen,  however 
that  the  distance  of  Sirius  cannot  be  so  small 
as  200,000  times  that  of  the  sun.  Hence  it 
follows  that,  upon  the  lowest  possible  compu- 
tation, the  light  really  thrown  out  by  Sirius 
cannot  be  so  little  as  double  that  emitted  by 
the  sun;  or  that  Sirius  must,  in  point  of  in- 
trinsic splendour,  be  equal  to  two  suns,  and 
is,  in  all  probability,  vastly  greater." 

The  late  Sir  William  Herschel  proposed 
another  method  of  determining  the  annual 
parallax  by  means  of  double  stars,  which  he 
supposed  would  be  free  from  the  errors  of 
other  methods,  and  of  such  a  nature  that  the 
parallax,  even  if  it  should  not  exceed  the  tenth 
part  of  a  second,  may  still  become  visible. 
The  following  figure  and  description  will  con- 
vey a  general  idea  of  this  method  : 

Let  A   and    B 
Fig.  8.  (fig.  8)  represent 

the  earth  at  two 
opposite  points  in 
its  orbit,  and  C 
and  D  two  stars 
of  different  magni- 
tudes. Then,  if 
when  the  earth  is 
at  J5,  the  two  stars 
appear  to  us  near 
each  other,  as  at 
C  and  E,  it  was 
thought  that  when 
the  earth  arrived 
at  A  the  two  stars 
might  appear  fur- 
ther apart,  as  at  C 
and  D  ;  in  other 
words,  that  the  angles  at  which  they  would 
appear  to  us  in  the  two  cases  would  be  different, 
the  angle  D  A  C  being  larger  than  the  angle 
D  B  C,  in  which  case  the  angle  of  parallax 
might  be  computed.  But  it  does  not  appear 
that  any  difference  in  the  angles  referred  to 
has  yet  been  found,  or  that  any  definite  con- 
clusions respecting  parallax  have  hitherto 
been  deduced  fi*om  this  method,  excepting  the 
general  position  that  the  stars  are  at  too  great 
a  distance  to  be  subjected  to  our  ca.cuiationSp 
or  that  our  angular  instruments  are  still  in 
too  imperfect  a  state  to  detect  so  small  lu? 
angle  as  that  of  the  annual  parallax. 
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WTiile  writing  the  above,  (December,  1 838,) 
*  perceived  an  announcement  in  certain  lite- 
rary journals,  that  Professor  Bessel,  of 
Konigsberg,  had  addressed  a  letter  to  Sir  John 
Herschel,  which  was  immediately  communi- 
cated to  the  Royal  Astronomical  Society, 
containing  an  account  of  the  discovery  of  the 
annual  parallax  and  the  observations  on  which 
it  was  founded.  In  the  introduction  to  this 
communication  Professor  Bessel  says — '"After 
80  many  unsuccessful  attempts  to  determine 
the  parallax  of  a  fixed  star,  I  thought  it  worth 
while  to  tiy  what  might  be  accompHshed  by 
means  of  the  accuracy  which  my  great  Fraun- 
hofer  heliometer  gives  to  the  observations.  I 
undertook  to  make  this  investigation  upon  the 
star  61  Cygni,  which,  by  reason  of  its  great 
proper  motion,  is  perhaps  the  best  of  all, 
which  affords  the  advantage  of  being  a  double 
star,  and  on  that  account  may  be  observed 
with  greater  accuracy,  a.*^id  which  is  so  near 
the  pole  that,  with  the  exception  of  a  small 
part  of  the  year,  it  can  always  be  observed  at 
night  at  a  sufficient  distance  from  the  hori- 
zon." The  professor  began  his  observations 
in  September,  1834,  but  various  circumstances 
prevented  them  from  being  regularly  conti- 
nued at  that  period.  They  were  resumed  in 
1837  with  certain  hopes  of  success.  He  se- 
lected among  the  small  stars  which  surround- 
ed the  double  star  61  Cygni  two  stars  be- 
tween the  ninth  and  tenth  magnitudes,  of 
which  one  (a)  is  nearly  perpendicular  to  the 
line  of  direction  of  the  double  star,  the  other 
{h)  nearly  in  this  direction.  He  measured 
with  the  heliometer  the  distances  of  these 
stars  from  the  point  which  bisects  the  distance 
between  the  two  «!<^ars  61  Cygni,  and  gene- 
rally repeated  the  observations  sixteen  times 
every  night,  and  when  the  atmosphere  was 
unusually  steady  he  made  more  numerous 
repetitions.  The  places  of  both  stars,  referred 
to  the  middle  point  of  the  double  star,  he  cal- 
culated, for  the  beginning  of  1838,  to  be — 

Distance.  Angle  of  Position, 

a     46r'.617         201*^     29'     W 
b     706''.279         109°     22'     W 

In  these  observations,  he  concentrated  his 
attention  as  far  as  he  could  on  the  distance 
of  the  small  stars  from  the  double  star,  as 
being  the  most  important  point  to  be  ascer- 
tained. His  communication  contains  tables 
of  all  his  measures  of  distance,  freed  from  the 
effects  of  refraction  and  aberration,  and  re- 
duced to  the  beginning  of  1838. 

It  would  be  uninteresting  to  the  general 
reader  to  enter  into  all  the  details  of  obser- 
vations, corrections,  and  calculations  which 
Professor  Bessel's  communication  contains, 
as  they  can  only  be  understood  by  practical 
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astronomers.  I  shall  therefore  only  state  his 
general  conclusion,  which  seems  to  be  legiti* 
mately  deduced  from  his  observations  and 
reasonings,  and  may  be  considered  at  least  aa 
a  very  near  approximation  to  the  point,  if  not 
perfectly  correct.  The  result  then  is,  that 
the  annual  parallax  of  the  star  61  Cygni  i» 
0''.3136;  that  is,  somewhat  less  than  owe* 
tJiird  of  a  second.  It  follows  that  the  dis» 
tance  of  this  star  from  the  sun  is  657,700 
times  the  mean  distance  of  the  earth  from  the 
sun ;  and  as  the  distance  of  the  sun  from  the 
earth  is  95,000,000  of  miles,  this  number 
multiplied  by  the  former  produces  62,48 1, 
500,000,000,  or  sixty-two  billiot^s,  four 
hundred  and  eighty-one  thousand  five  hun^ 
dred  millions  of  miles,  which  is  the  distance 
of  the  star  61  Cygni  from  the  sun,  and  which 
of  course  is  nearly  about  the  same  distance 
from  the  earth ;  the  earth  being  in  one  part 
of  its  course  ninety-iive  millions  of  miles 
nearer  the  star  than  this  distance,  and  in  the 
opposite  part  of  it  ninety-five  miUions  of  railea 
beyond  it.  This,  I  have  no  doubt,  will  be 
considered  as  one  of  the  most  interesting  and 
splendid  discoveries  which  have  been  made 
in  astronomy  for  a  century  past.  It  lays  ft 
foundation  for  precise  and  definite  conceptions 
of  the  distances  of  some  of  the  starry  orbs> 
of  the  amplitude  of  the  celestial  regions,  and 
of  the  magnitude  and  grandeur  of  those 
countless  orbs  which  diversify  the  spaces  of 
immensity.  It  likewise  proves  to  a  demon-' 
stration  the  annual  motion  of  the  earth  round 
the  sun,  and  all  the  principles  and  phenomena 
with  which  it  is  connected,  as  well  as  corro- 
borates the  general  views  of  former  astrono- 
mers respecting  the  immense  distance  of  the 
fixed  stars. 

Professor  Bessel  concludes  his  communica- 
tion in  these  words :— ■"  As  the  annual  proper 
motion  of  a  Cyg?ii  amounts  to  5''M23  of  a 
great  circle,  the  relative  motion,  of  this  star 
and  the  sun  must  be  considerably  more  than 
sixteen  semi-diameters  of  the  earth's  orbit, 
[that  is,  one  thousand,  five  hundred  and 
twenty  millions  of  miles,]  and  the  star  must 
have  a  constant  aberration  of  more  than  52". 
When  we  shall  have  succeeded  in  determin- 
ing the  elements  of  the  motion  of  both  the 
stars  forming  the  double  star,  round  their 
common  centre  of  gravity,  we  shall  be  able 
to  determine  the  sum  of  their  masses.  I  have 
attentively  considered  the  preceding  observa- 
tions of  their  relative  positions,  l)ut  I  consider 
them  as  yet  very  inadequate  to  afford  the 
elements  of  the  orbit.  I  consider  them  as 
sufficient  only  to  show  that  the  annual  angu- 
lar motion  is  somewhere  about  two-thirds  of  , 
a  degree,  and  that  the  distance  at  the  begin- 
ning of  this  century  had  a  minimum  of  about 
IS'''.  We  are  enabled  hence  to  conclude 
(581), 
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that  the  time  of  a  revolution  is  more  than 
640  years,  and  that  the  semi-major  axis  of 
the  orbit  is  seen  under  an  angle  of  more  than 
15".  If,  however,  we  proceed  from  these 
^lumbers,  which  are  merely  limits,  we  find 
the  sum  of  the  masses  of  both  stars  less  than 
lialf  the  sun's  mass.  But  this  point,  which 
IS  deserving  of  attention,  cannot  be  estabhshed 
till  the  observations  shall  be  sufficient  to  de- 
termine the  elements  accurately.  When 
long-continued  observation  of  the  places  which 
the  double  star  occupies  amongst  the  small 
istars  which  surround  it  shall  have  led  to  the 
fenowledge  of  its  centre  of  gravity,  we  shall 
be  enabled  to  determine  the  two  masses  sepa- 
rately ;  but  we  cannot  anticipate  the  time  of 
4hese  further  researches.  I  have  here  troubled 
you  with  many  particulars ;  but  I  trust  it  is 
8iot  necessary  to  offer  any  excuse  for  this, 
since  a  correct  opinion  as  to  whether  the  in- 
vestigation of  the  parallax  of  61  Cygni  has 
already  led  to  an  approximate  result,  or  must 
©till  be  earned  further  before  this  can  be 
affirmed  of  them,  can  only  be  formed  from  a 
knowledge  of  these  particulars.  Had  I  merely 
communicated  to  you  the  result,  I  could  not 
Slave  expected  that  you  would  attribute  to  it 
that  certainty  which,  according  to  my  own 
|udgment,  it  possessed." 

The  distance  inferred  fi-om  the  parallax  as- 
certained by  Bessel  is  more  than  three  times 
greater  than  what  was  formerly  considered 
(the  least  distance  of  any  of  the  fixed  stars. 
In  order  to  acquire  some  rude  conceptions  of 
this  distance,  it  may  not  be  inexpedient  to 
illustrate  it  by  the  times  which  certain  moving 
foodies  would  require  to  move  along  such  a 
space.  Light  is  the  swiftest  moving  body 
with  wliich  we  are  acquainted ;  it  flies  from 
the  sun  to  the  earth,  a  distance  of  ninety-five 
millions  of  miles,  in  about  eight  minutes,  or 
at  the  rate  of  192,000  miles  every  moment  of 
time;  yet  light,  in  comprehensively  swifl  as 
its  motion  is,  would  require  ten  years  and 
114  days  to  fly  across  this  mighty  interval; 
«o  that  if  the  star  61  Cygni  were  supposed 
to  be  only  just  now  launched  into  existence, 
fit  would  be  more  than  ten  years  before  its 
light  could  reach  the  distant  globe  on  which 
we  dwell,  so  as  to  appear  like  a  small  star 
tvirinkiing  in  our  sky.  Suppose  a  cannon 
ball  to  move  500  miles  every  hour  without 
antermission,  it  would  require  fourteen  mil- 
lions, two  hundred  and  fifty-five  thousand, 
four  hundred  and  eighteen  years  before  it 
«ould  move  across  the  same  interval.  But  to 
come  to  motions  with  which  we  are  more 
familiar :  suppose  a  steam  carriage  to  set  out 
from  the  earth  with  a  velocity  of  twenty 
Bniles  an  hour,  or  480  miles  a  day ;  at  this 
fate  of  motion,  continued  without  intermis- 
«on,  it  would  require  356,385,466,  or  three 


hundred  and  lifly-six  millions,  three  hundred 
and  eighty-five  thousand,  four  hundred  and 
sixty-six  years  before  it  could  pass  from  ou? 
globe  to  the  star  alluded  to  above — a  nunibe' 
of  years  sixty-one  thousand  times  greater 
than  the  whole  period  which  has  elapsed 
since  the  Mosaic  creation. 

Such  distances  are  amazing,  and  almost, 
terrifying  to  the  human  imagination.  The 
mind  is  bewildered,  confounded,  and  almost 
overwhelmed,  when  attempting  to  form  a 
conception  of  such  portions  of  immensity,  and 
feels  its  own  littleness,  the  limited  nature  of 
its  powers,  and  its  utter  incapacity  for  grasp- 
ing the  amplitudes  of  creation ;  but  although 
it  were  possible  for  us  to  wing  our  flight  to 
such  a  distant  orb  as  that  to  which  we  have 
refeiTec!,  we  should  still  find  ourselves  stand- 
ing only  on  the  extreme  verge  of  the  starry 
firmament,  where  ten  thousands  of  other  orbs^ 
a  thousand  times  more  distant,  would  meet 
our  view.  We  have  reason  to  believe  that  a 
space  nearly  equal  to  that  which  we  are  now 
considering  intervenes  between  most  of  the 
stars  which  diversify  our  nocturnal  sky.  The 
stars  appear  of  different  magnitudes ;  but  w^e 
have  the  strongest  reason  to  conclude  that  in 
the  majority  of  instances  this  is  owing,  not  to 
the  diflerence  of  their  real  magnitudes,  but  to 
the  different  distances  at  v/hich  they  are  placed 
from  our  globe.  If,  then,  the .  distance  of  a 
star  of  the  first  or  second  magnitude,  or  those 
which  are  nearest  us,  be  so  immensely  greaty 
what  must  be  the  distance  of  stars  of  the  six- 
teenth or  twentieth  magnitudes,  which  can 
be  distinguished  only  by  the  most  powerful 
telescopes  ?  Some  of  these  must  be  several 
thousands  of  times  more  distant  than  the  star 
61  Cygni,  whose  distance  now  appears  to  be 
determined.  And  what  shall  vfe  think  of  the 
distance  of  those  which  lie  beyond  the  reach 
of  the  most  powerful  telescopes  that  have  yet 
been  constructed,  stretching  beyond  tlie 
utmost  limits  of  mortal  vision,  wathin  the  un- 
explored regions  of  immensity  ?  Here  even 
the  most  vigorous  imagination  drops  its  wing, 
and  feels  itself  utterly  unable  to  penetrate  this 
mysterious  and  boundless  unknown. 

The  vastness  of  the  spaces  and  greatness 
of  the  distances  to  which  we  have  adverted 
ought  not,  however,  to  prevent  any  one  from 
acquiescing  in  the  statements  we  have  now 
made  ;  for  space  is  boundless,- — absolutely  in- 
finite. A  seraph  might  wing  its  flight  w^th 
the  swiftness  of  light  for  millions  of  years 
through  the  regions  of  immensity,  and  neves 
arrive  at  a  boundary  where  it  might  De  said, 
"  Hitherto  mayest  thou  approach,  but  no  far- 
ther ;"  and  we  have  reason  to  believe,  from 
what  we  already  know  of  the  Creator  and  his 
works,  that  during  the  whole  course  of  such 
an  excursion,  new  objects  and  new  scenes  oi 
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glory  and  magnificence  would  be  continually 
rising  to  his  view.  To  suppose  otherwise 
would  be  to  set  boundaries  to  space,  and  to 
prescribe  limits  to  the  infinite  perfections  of 
the  Divinity.  That  incomprehensible  Being 
who  formed  the  universe  fills  immensity  with 
his  presence ;  his  power  and  wisdom,  and  all 
his  other  perfections,  are  injinite  ,•  and  there- 
fore we  should  expect  that  the  plans  on  which 
he  has  constructed  the  systems  of  the  uni- 
verse should  be  like  himself,  vast,  boundless, 
and  inconceivabl*»  by  mortals.  Were  we  to 
find  the  plans  of  the  universe  circumscribed 
like  those  which  were  represented  by  the  an- 
cient astronomers, — -who  imagined  the  firma- 
ment a  solid  sphere  with  a  number  of  tapers 
whirled  round  the  earth, — we  should  be  apt 
to  think  that  the  Creator  of  the  world  was  a 
limited  being ;  but  when  we  contemplate  the 
vast  amplitude  of  planetary  systems,  and  the 
immense  spaces  by  which  they  are  separated 
from  each  other,  we  behold  plans  and  opera- 
tions which  are  in  perfect  unison  with  the 
immensity  of  his  nature,  with  his  boundless 
power,  his  uncontrollable  agency,  and  his  uni- 
versal presence.  Wherever  we  turn  our  eyes 
throughout  the  scene  of  nature,  and  fix  our 
attention  on  its  plans  and  movements,  we 
uniformly  find  the  Creator  acting  like  Him- 
self,' and  in  no  case  is  this  more  strikingly 
displayed  than  in  the  grandeur  and  magnifi- 
cence of  the  orbs  of  heaven,  and  the  immense 
spaces  with  which  they  are  surrounded. 

This  is  likewise  the  representation  which 
the  Scriptures  give  us  of  the  immensity  and 
incomprehensible  nature  of  the  Deity.  "  Great 
is  Jehovah  and  of  great  power ;  his  under- 
standing is  infinite ;  his  greatness  is  unsearch- 
able." He  is  not  only  "high  above  all  na- 
tions," but  "  his  glory  is  above  the  heavensP 
"*■  He  dwelleth  on  high,  and  humbleth  himself 
to  behold  the  things"  not  only  that  are  "  on 
the  earth,"  but  even  "  the  things  that  are  in 
the  heavens,"  Vast  as  the  celestial  spaces 
are,  "  he  meted  out  heaven  with  the  span," 
and  "stretched  forth  the  heavens  alone." 
♦*  Among  the  gods  there  is  none  like  unto  thee, 
neither  are  there  any  works  like  unto  thy 
works."  "Canst  thou  by  searching  find  out 
God]  Canst  tb.ou  find  out  the  Almighty  to 
perfect!  3n  1  Who  can  utter  the  mighty  ope- 
rations of  Jehovah  1  Who  can  show  forth  all 
his  pL*aise  1  Lo,  these  are  but  parts  of  his 
ways,  but  the  thunder  of  his  power,  or  the  full 
extent  of  his  omnipotence,  who  can  compre- 
hend 1"  In  relation  to  a  Being  who  is  thus 
described,  we  can  expect  nothing  but  what  is 
wonderful  and  incomprehensible  by  finite 
minds.  The  declarations  of  inspired  men 
bear  testimony  to  the  discoveries  of  astronomy 
AS  in  perfect  unison  with  the  attributes  of  the 


Divinity,  so  that  science  and  revelation  com* 
pletely  harmonize  in  the  views  they  unf(  »ld  of 
the  plans  and  arrangements  of  the  Deity,  and 
of  the  immense  spaces  which  intervene  among 
the .  systems  of  the  universe. 

Whether  man  will  ever  be  permitted  to 
traverse  any  of  the  vast  spaces  of  the  universe, 
to  which  we  have  now  adverted,  is  a  question 
which  is  at  present  beyond  our  province  to 
resolve.     In  our  present  state  of  corporeal  or- 
ganization it  is  impossible  to  wing  our  flight 
even  to  the  nearest  celestial  orb  in  that  sys- 
tem of  which  we  form  a  part,  much  less  to  the 
distant  starry  regions.     How  pure  spirits,  dis- 
connected with  material  vehicles,  may  trans- 
port themselves  fi-om  one  region  of  creation  to 
another,  it  is  impossible  for  us,  in  the  present 
state,  to  form  a  conception.     But  it  is  possible 
to  conceive  of  a  system  of  organization  far 
more  refined  than  the  present,  and  susceptible 
of  a  power  ol  motion  far  surpassing  what  we 
have  an  opportunity  of  witnessing  in  this  ter- 
restrial sphere — a  locomotive   power   which 
might  enable  an   intelligent  agent   to   keep 
pace  with  the  rapid  motions  of  the  celestial 
orbs.     We  have  only  to  suppose  organical 
vehicles   constructed   with  matter   far   more 
subtile  and  refined  than  hydrogen  gas,  or  the 
ethereal  fluid,  and  approximating  to  the  tena- 
city of  Hght  itself.     As  we  find  animalculae 
many  thousands  of  times  less  than  the  least 
visible  point,  their  bodies  must  be  constructed 
of  materials  extremely  subtile  and  refined; 
and  hence  we  may  infer  that  the  same  Allwise 
Intelligence  who  formed  such  minute  and  re- 
fined structures  can  with  equal  ease  construct 
a  material  organization  for  the  residence  of  a 
rational  soul  out  of  the  finest  materials  which 
creation  can  supply,  and  endow  it  with  a  ca- 
pacity of  rapid   motion    superior  to  that  of 
some  of  the  celestial  globes  which  roll  around 
us.     It  is  not  improbable  that  angelic  beings 
are  connected  with  such  a  system  of  material 
organization,   which  enables  them   to   move 
with   rapidity  from  one  ])art  of  creation  to 
another;  and  it  is  possible  that  man,  in  a  fiiture 
world,  may  be  invested  with  such  vehicles 
and  such  powers  of  rapid  motion.     At  tho 
same  time,  even  with  such  locomotive  powers, 
only  a  small  portion  of  the  universe  could  be 
supposed  to  be  visited  or  explored,  even  after 
a  lapse  of  ages.     It  is  highly  probable  that,  at 
this  moment,  there  is  not  a  single  subordinate 
intelligence,  even  of   the  highest   order   of 
created  beings,  who  is  acquainted  with  every 
region  of  universal  nature  and  the  objects  it 
contains,  and  that  the  greater  part  of  the  vast 
universe,  with  its  scenery,  movements,  and 
inhabitants,  is    known   only    by   Him  who 
formed  it  by  his  power  and  fills  it  with  his 
prei»once. 
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CHAPTER  V, 

On  the  MagnUude  of  the  SiarSo 

Ijf  OUT  attempts  to  ascertain  the  magni-  diameters  of  the  fixed  stars  do  not  arise  from 
iudes  of  any  of  the  heavenly  bodies,  we  must  any  sensible  disk,  but  from  other  causes  with 
first  endeavour  to  determine  the  distances  at  which  we  are  not  acquainted.  Br.  Halley 
which  they  are  placed  from  our  abode ;  and  remarks  that  "  the  diameters  of  Spica  Virgi- 
in  the  next  place  we  must  measure,  as  accu-  nis  and  Aldebaran  (two  stars  of  the  first  mag- 
rately  as  possible,  the  appareiit  diameters  of  nitude)  are  so  small,  that  when  they  happen 
the  bodies  whose  magnitudes  we  wish  to  de-  to  immerge  behind  the  dark  eAge^  of  the  moon^ 
termine.  The  extreme  difficulty  of  determin-  they  are  so  far  from  losing  their  light  gradu-» 
ing  these  two  points,  in  certain  instances,  on  ally,  as  they  must  do  if  they  were  of  any  sensi- 
account  of  the  smallness  of  the  angles  which  ble  magnitude,  that  they  vanish  at  once  with 
require  to  be  measured,  has  hitherto  prevented  all  their  lustre,  and  emerge  likewise  in  a  mo- 
us  from  ascertaining  with  precision  the  real  ment,  not  small  at  first,  but  at  once  appear 
magnitudes  of  the  bodies  connected  with  the  with  their  full  light,  even  although  the  emer- 
sidereal  heavens.  We  formerly  were  led  to  sion  happen  when  very  near  the  cusp,  where, 
conclude  on  good  grourds,  that  their  distances  if  they  were  four  seconds  in  diameter,  they 
were  atniost  immeasurably  great,  and  conse-  would  be  many  seconds  of  time  in  getting  en- 
quently  that,  as  they  emit  a  certain  degree  of  tirely  separated  from  the  limb.  But  the  con- 
splendour  to  our  eye,  even  from  such  remote  trary  appears  to  ail  those  who  have  observed 
distances,  their  bulk  must  be  immensely  great,  the  occultations  of  those  bright  stars."  Every 
But  no  precise  conceptions  could  be  formed  one  who  has  been  in  the  habit  of  viewing  the 
as  to  this  point  so  long  as  the  annual  parallax  starry  firmament  with  good  telescopes  will  at 
of  some  of  the  stars  remained  undetermined,  once  admit  that,  although  that  instrument 
The  annual  parallax  of  the  star  61  Cygni  brings  to  view  numerous  stars  which  the 
being  now  in  all  probability  ascertained,  (as  unassisted  sight  cannot  perceive,  yet  they  ap- 
stated  in  the  preceding  chapter,)  we  are  in  pear  only  as  luminous  points  with  no  well- 
possession  of  certain  o^a^ff  which  may  lead  to  defined  sensible  diameters,  although  their 
the  determination  of  the  real  magnitude  of  light  is  much  more  briUiant  than  to  the  naked 
that  body.  But  a  difficulty  still  remains.  The    eye, 

stars  are  found  to  have  no  sensible  diameters.  Hence  the  difficulty  of  determining,  with 
When  viewed  through  telescopes  of  the  precision,  the  real  magnitudes  of  any  of  the 
greatest  power,  they  present  no  visible  disks,  fixed  stars.  From  their  immense  distance  we 
or  well-defined  surfaces  to  the  eye,  as  the  are  perfectly  certain  that  they  are  bodies  of 
planets  do,  when  viewed  through  such  instru-  immense  size,  otherwise  they  would  be  alto- 
ments,  but  appear  only  as  so  many  shining  gether  invisible  from  our  terrestrial  sphere,  or 
and  undefined  points.  When  they  are  viewed  from  any  part  of  the  solar  system.  But  we 
through  a  telescope  of  moderate  size,  their  have  hitherto  obtained  no  sufficient  data  for 
diameters  appear  less  than  when  examined  estimating  their  exact  size,  as  we  have  done 
by  the  naked  eye,  but  considerably  more  bril-  in  relation  to  the  globes  which  compose  the 
liant.  When  we  view  them  with  a  telescope  planetary  system.  Since,  then,  the  apparent 
of  greater  power,  the  apparent  diameters  will  diameters  of  the  stars,  even  those  of  the  first 
be  somewhat  increased,  but  not  according  to  magnitude,  are  so  small  as  not  to  amount  to  a 
any  regular  proportion,  as  happens  in  the  single  second,  we  cannot  hope,  in  the  mean 
case  of  the  planets;  and  even  when  seen  time,  to  determine  their  measure  with  any 
with  the  same  power,  through  different  tele-  degree  of  certainty.  We  may  assign  them  a 
scopes,  their  apparent  magnitudes  are  not  pre-  measure  which  we  certainly  know  they  do  not 
cisely  the  same.  Sir  WiUiam  Herschel,  who  exceed,  but  we  cannot  be  sure  that  that  mea- 
viewed  these  bodies  under  almost  every  aspect,  sure  is  not  too  great.  All  luminous  objects 
uniformly  found  that  their  diameter  was  less  appear  larger  than  those  of  the  same  dimen- 
ill  proportion  as  the  higher  powers  were  ap-  sions  which  are  opaque.  The  planet  Mercury, 
plied;  and  the  smallest  proportional  diameter  when  in  its  greatest  brightness,  appears  larger 
he  ever  obtained  was  when  he  employed  the  than  when  it  is  seen  to  pass,  like  a  dark  spot, 
extraordinary  power  of  6450  times.  From  across  the  disk  of  the  sun,  although  it  is 
such  observations  it  appears  that  the  apparent  nearest  the  earth  in  this  last  position.  The 
(564) 
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apparent  diameters  of  the  fixed  stars  are  much 
smaller  than  they  have  generally  been  sup- 
posed by  those  who  have  attempted  to  mea- 
sure them.  Yet  small  as  they  are,  their  real 
magnitude  must  be  very  great,  since  they  are 
visible  to  our  sight  at  the  immense  distance  at 
which  they  are  placed.  In  proportion  to  the 
greatness  of  their  distance,  and  the  smallness 
of  their  apparent  diameters,  will  be  their  real 
magnitudes.  If  we  suppose  the  apparent 
diameters  of  any  of  the  stars  observed  by  Dr. 
Bradley  to  be  equal  to  the  400,000th  part  of 
the  sun's  apparent  diameter,  or  j-^^th  of  a 
second — 'which  is  a  probable  supposition  for  a 
star  of  the  second  magnitude, — it  will  follow 
that  such  a  star  is  equal  to  the  sun  in  magni- 
tude. For,  if  the  sun  were  removed  to  the 
distance  at  which  such  a  star  is  situated,  he 
would  appear  no  larger  than  those  twinkling 
points,  nay,  would  perhaps  disappear  alto- 
gether from  our  view.  From  all  the  observa- 
tions and  reasonings  that  have  been  entered 
into  on  this  subject,  we  have  no  proofs  that 
any  of  the  stars  are  less  than  the  sun,  but  it 
is  more  probable  that  many  of  them  equal 
and  even  far  surpass  that  luminary  in  their 
real  dimensions  and  splendour.  Having  ob- 
tained the  parallax  of  61  Ct/gni,*  if  we  could 
find  the  exact  apparent  diameter  of  that  star, 
its  real  bulk  could  be  calculated  with  as  much 
ease  and  certainty  as  the  bulk  of  the  sun,  or 
moon,  or  any  of  the  planets.  But  as  this 
important  element  in  the  calculation  is  still  a 
desideratum,  we  must  resort  to  other  methods 
by  which  we  may  arrive  at  the  nearest  ap- 
proximation to  the  truth. 

I  have  already  alluded  to  the  photometrical 
experiments  of  Dr.  Wollaston,  in  relation  to 
the  comparative  quantity  of  light  emitted  to 
our  eye  from  the  star  Sirius  and  from  the  sun. 
In  reference  to  these  experiments,  Sir  John 
Herschel,  in  a  marginal  note,  remarks  .•'— 
"  Dr.  Wollaston  assuming,  as  we  think  he  is 
perfectly  justified  in  doing,  a  much  lower 
limit  of  possible  parallax  in  Sirius  than  we 
have  adopted  in  the  text,  has  concluded  the 
intrinsic  light  of  Sirius  to  be  nearly  that  of 
PounTEEN^  suKs."  Sir  William  Herschel 
informs  us  that,  with  a  magnifying  power  of 
6450,  and  by  means  of  his  new  micrometer, 
he  found  the  apparent  diameter  of  Vega  or  a 
Lyrae  to  be  0"'  355 :  this  will  give  the  real 
diameter  oi  the  star  about  thirty-eight  times 

*  This  star  belonirs  to  the  constellation  Cy^- 
nus.  or  the  Swan.  Its  right  ascension  for  Janua- 
ry 1, 1839,  was  20h  59'  41^',  and  its  declination  37" 
57'  42''  north.  In  places  of  52*  of  N  latitude, 
this  star  passes  the  meridian  within  two  or  three 
minutes  of  the  zenith.  It  is  a  star  of  about  the 
f  fth  magnitude.  It  is  28  degrees  nearly  due  east 
from  the  bright  star  Fe^a  or  a  Lyrae,  in  the  con- 
stellation of  the  flarp,  and  nearly  nine  degrees 
«oulh  by  east  of  Deneby  or  a  Cygni,  the  principal 
•tar  m  the  Swan. 


that   of  the  sun,  or   33,440,000  miles,  sup- 
posing its  parallax  to  be  one  second.     Weie 
this  its  true  estimate  its  solid  contents  would  be 
19,579,357,857,382,400,000,000,f  or,  above 
nineteen  thousand  five  hundied  and  seventy- 
nine  trillions  of  miles ;  which  is,  fifty-four 
thousand  eight   hundred   and  seventy-two 
times  larger  than  the  solid  contents  of  the 
sun.     The  magnitude  of  such  a  globe  is  alto- 
gether overpowering  to  the  human  imagina- 
tion, and  completely  bafliles  every  eflbrt  to 
approximate  to  a  distinct  conception   of  an 
object  of  such  amazing  amplitude  and  splen- 
dour. We  have  formerly  shownt  that  the  sun 
is  a  body  of  so  vast  dimensions  that  the  hu- 
man mind,  in  its  present  state,  can  form  no 
adequate  conceptions  of  it ;  that  it  is  more 
than  500  times  greater  than  all   the  planets, 
satelHtes,  and  comets  of  our  system ;  that  it  is 
equal  to  thirteen  hundred  thousand  globes  as 
large  as  the  earth ;  that  its  surface  contains 
an  amplitude  fifty-three  millions  seven  hun- 
dred and  seventy-thousand  times  larger  than 
the  view  from  Mount  Etna,  which  comprises 
an  extent  of  45,000  miles ;  and  that,  were  a 
landscape   on  the  sun  of  this  extent  to  be 
contemplated  every  two  hours,  it  would  require 
twenty-four  thousand  five  hundred  years  be- 
fore  the  whole  surface  of  this  luminary  could 
be   in  this  manner  surveyed.     What,  then, 
shall  we  think  of  the  probable  existence  of  a 
luminous    globe    fifty-four    thousand    times 
greater  than  the  expansive  globe  of  the  sun ! 
However  amazing  the  magnitude  of  such  a 
body  may  appear,  we  ought  not  on  this  ac- 
count to  consider  the  existence  of  such  an  orb 
as  either  improbable  or  incredible.     Prior  to 
the  first  discoveries  of  modern  astronomy  two 
or  three  centuries  ago,  no  one  could  have  be- 
lieved that  the  sun  is  a  body  of  such  an  im- 
mense size  as  he  is  now  found  to  be,  or  that 
the  planetary  system  occupies  so  extensive 
a  range  as  astronomers  have  now  determined 
it.     And  we  are  not  to  conceive  that  even  the 
immense  amplitude  of  the  sun  is  the  highest 
scale  of  magnitude  which  the    Creator  has 
prescribed  to  himself  in  his  arrangements  of 
the  universe.     From  the  knowledge  we  ha^T: 
already  acquired  of  the  vastness  of  the  scale 
on  which  creation  is  constructed,  v/-)  have 
reason  to  believe  that  bodies  exist  in  i*  f^'. 
surpassing,  in  magnitude  and  grandeur,  any 
of  the  globes  to  which  we  have  alluded.  There 
are  certain  lucid  specks  in  the  heavens  which 
can  only  be  perceived  by  the  most  powerful 
telescopes,  which  we  are  quite  certain,  trom 

f  In  some  editions  of  the  "improvements  of 
Society,*'  this  number  is  inriccxrately  stated, 
the  cube  of  the  diar^cter  having  been  by  mis- 
take subsituted  fo.-  ihe  soHg  ^ontentd  of  the  body, 
but  the  generrl  /esu.t  of  tht  comparative  magni- 
tudes of  tne  i;'vo  bodies  is  the  same. 

X  "  C!€lefit.?a:  Ccenery,"  chao  iii.  sect.  10 
3B  (565) 
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their  immense  distance,  must  comprise  a  mass 
of  matter  thousands  of  times  larger  than  our 
sun, — either  a  distinct  mass  of  materials  or  a 
congeries  of  shining  globes  so  near  each  other 
that  the  separate  bodies  cannot  be  distinguish- 
ed. As  the  distance  between  the  great  globes 
of  the  universe  is  incomprehensible  by  limited 
intellects,  so  the  magniiude  of  some  of  these 
bodies  may  be  so  great  as  to  surpass  every 
estimate  and  every  conception  we  may  have 
hitherto  formed  on  this  subject.  Such  views 
of  the  magnitudes  of  creation  are  quite  in  ac- 
cordance with  the  ideas  we  ought  to  enter- 
tain of  a  Being  who  is  eternal,  omnipresent, 
omnipotent,  and  incomprehensible. 

But,  without  going  beyond  the  strict  de- 
ductions of  science,  we  may  fairly  conclude 
that  there  are  fevv^  stars  in  the  concave  of  our 
sky  that  do  not  equal,  and  even  surpass,  our 
sun  in  size  and  in  splendour ;  and  if  so,  what 
a  glorious  and  overwhelming  scene  does 
creation  present  to  an  intelligent  and  contem- 
plative mind  !  Here  we  are  presented  with  a 
scene  on  which  the  highest  order  of  created 
beings  may  expatiate  for  myriads  of  ages,  and 
objects,  ever  wonderful  and  ever  new,  may  still 
present  themselves  to  the  astonished  mind 
throughout  the  whole  length  of  its  immortality ; 
so  that  the  most  expansive  intellects  shall  never 
want  subjects  of  sublime  investigation  during 
all  the  revolutions  of  an  interminable  existence. 

We  are  not  to  imagine  that  all  the  stars, 
even  those  which  appear  with  the  same  bril- 
liancy, are  of  the  same  size.  We  have  rea- 
son to  believe  that  a  variety y  in  this  respect, 
exists  among  those  distant  orbs,  as  well  as 
among  the  bodies  which  compose  the  plane- 
tary system,  and  in  other  departments  of 
nature.  Various  considerations  tend  to  show 
that  "  one  star  differeth  from  another  star  in 
glory,"  not  only  as  they  appear  to  the  naked 
eye,  but  in  reality,  di^  to  their  intrinsic  magni- 
tude and  splendour.  Some  of  the  telescopic 
stars  appear  of  very  different  colours,  one  ex- 
hibiting rays  of  an  orange  or  ruddy  hue, 
another  blue,  another  yellow,  and  another 
green,  indicating  a  difference  in  their  consti- 
tution and  in  the  nature  of  the  light  they  emit. 
Among  the  double  stars,  the  one  which  is 
found  revolving  round  the  other  is  evidently 
the  smaller  body,  as  its  light  is  not  distinguish- 
able without  a  high  magnifying  power,  and 
yet  its  distance  from  the  earth  must  be  nearly 
the  same  as  that  of  the  larger  star  around 
which  it  revolves.  Recent  observations  tend 
to  prove  that  some  of  the  smaller  stars  have 
not  only  a  greater  annual  parallax  than  those 
which  are  most  brilliant,  but  an  absolute  mo- 
tion in  space  much  greater  than  those  of  the 
brightest  class,  which  indicates  that  there  is 
a  difference  in  the  real  size  of  those  bodies, 
and  that  some  of  the  stars  which  appear 
(566) 


smallest  to  orr  eye  m2c^  b^  -He  "Hfgeyi;  in  real 
dimensions ;  but  ihc  sm?i!  3Si.  of  Jiem  are,  un- 
doubtedly, bodies  of  such  magritudes  as  sur- 
pass our  distinct  comprehension. 

Some  readers,  fror^  their  ignorance  of  the 
mathematical  prhiciples  of  astronomy,  and 
from  being  incapable  of  appreciating  the  ob 
servations  to  which  we  have  referred,  {.re  ap* 
to  view  with  a  certain  degree  of  sceptic'.L'in  tha 
conclusions  which  astronomers  have  deduced 
respecting  the  distances  and  magnitude'^,  of 
the  stars.  Perhaps  the  following  co-sidcra- 
tion,  level  to  the  capacity  of  every  man  of 
common  sense,  may  have  a  tendency  to  con- 
vince even  the  most  sceptical  that  the  stars 
are  situated  at  an  almost  incalculable  distance 
from  the  earth. 

Suppose  a  telescope  to  magnify  400  times, 
that  is,  makes  a  distinct  object  appear  four 
hundred  times  nearer,  and  four  hundred  times 
larger  in  diameter,  than  to  the  naked  eye. 
With  an  instrument  of  this  description  I  have 
been  enabled  to  read  a  person's  name,  the 
letters  of  which  were  not  above  half  an  inch 
in  length  or  breadth,  at  the  distance  of  more 
than  two  miles.  When  this  telescope  is  di- 
rected to  the  moon,  it  enables  us  to  perceive 
the  shadows  of  its  mountains,  and  other 
minute  portions  of  its  scenery,  and  even  to 
distinguish  rocks  and  cavities  less  than  a  mile 
in  diameter.  When  directed  to  the  planet 
Venus,  it  exhibits  it  as  a  large  splendid  body, 
with  either  a  gibbous,  a  half-moon,  or  a  cres- 
cent phase.  When  directed  to  Jupiter  and 
Saturn,  it  makes  these  orbs  appear  several 
times  larger  than  the  moon  does  to  the  naked 
eye,  and  enables  us  to  perceive  the  dark  belts 
which  run  across  the  one,  and  the  rings  which 
surround  the  other.  Now,  if  this  same  in- 
strument be  directed  to  the  fixed  stars,  it  shows 
them  only  as  so  many  luminous  points,  with- 
out any  well-defined  diameters.  It  brings  to 
view  hundreds  and  thousands  of  stars  which 
the  naked  eye  cannot  discem ;  but  although 
they  appear  somewhat  more  brilliant,  they  ap- 
pear, on  the  whole,  no  larger  in  diameter  than 
the  stars  in  general  do  to  the  unassisted  sight. 
This  circumstance  I  consider  as  a  palpable 
and  sensible  evidence  of  the  immense  distance 
of  the  fixed  stars;  for  bodies  at  the  distance 
of  nine  hundred,  and  even  of  eighteen  hun- 
dred millions  of  miles,  appear  magnified  in 
proportion  to  the  power  of  the  instrument; 
and  why  should  not  the  fixed  stars  appeal 
magnified  in  the  same  proportion,  and  pre- 
sent to  the  eye  large  disks  like  the  planets, 
were  it  not  on  account  of  their  incalculable 
distance  ?  Were  they  only  at  a  moderate  dii^» 
tance  from  the  planetary  system — suppose 
ten  tunes  the  distance  of  Saturn,  or  nine 
thousand  millions  of  miles, — this  would  un- 
doubtedly be  the  case ;  but  observation  proves 
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the  contrary.  When  we  view  a  planet — for 
example  Saticrn,  which  is  distant  nine  hun- 
dred millions  of  milet?- — through  a  telescope 
magnifying  400  times,  we  contemplate  it  as 
if  we  had  been  earned  to  a  point  only  the 
four  hundredth  part  of  its  distance ;  that  is, 
we  view  it  as  if  we  were  brought  withhi  little 
more  than  two  millions  of  miles  of  its  surface. 
I  n  other  words,  we  see  it  of  the  same  magni- 
tude, and  nearly  with  the  same  distinctness, 
as  if  he  had  surmounted  the  law  of  gravita- 
tion, and  been  transported  more  than  897 
millions  of  miles  from  our  present  abode  in 
the  direction  of  that  orb. 

When  such  an  instrument  is  directed  to 
the  fixed  stars,  it  does  not  lose  its  power  as  a 
telescope  ;  this  is  proved  by  its  presenting  the 
nebulas,  which  are  invisible  to  the  naked  eye, 
as  large,  well-defmed  spaces  in  the  firmament. 
It  carries  us  within  the  four  hundredth  part 
of  their  actual  distance,  and  enables  us  to 
contemplate  them  just  as  we  would  do  if  we 
were  400  times  nearer  them  than  we  are. 
Let  us  suppose,  as  formerly,  the  distance  of 
the  nearest  stars  to  be  20,000,000,000,000,  or 
twenty  billions,  of  miles,  we  contemplate  such 
stars  by  this  instrument  as  if  we  were  carried 
to  a  station  nineteen  billions  nine  hundred 
and  fifty  millions  of  miles  fi*om  the  place  we 
now  occupy,  where  we  should  still  be  fifty 
thousand  millions  of  miles*  distant  from  these 


bodies.  Supposing  the  sun  were  removed  to. 
a  point  fifty  thousand  millions  of  miles  from 
the  place  he  now  occupies — which  is  526 
times  his  present  distance, — he  would  appear 
526  times  less  in  diameter  than  at  present, 
or  under  an  angle  of  little  more  than  3^  se* 
conds,  which  is  less  than  the  apparent  dia- 
meter of  Uranus,  a  body  which  is  generally 
invisible  to  the  naked  eye ;  so  that  if  a  star 
be  distant  twenty  billions  of  miles,  and  equal 
to  the  sun  in  magnitude,  it  should  appear  no 
more  than  a  point  when  viewed  with  a  tele- 
scope magnifying  400  times.  Supposing,  then, 
that  we  were  transported  through  the  im-* 
mense  space  of  19,950,000,000,000  miles,  w© 
behoved  to  be  carried  forward  several  thou- 
sands of  millions  of  miles  further  before  those 
distant  orbs  would  appear  to  expand  into  large 
disks  like  the  moon,  or  like  Jupiter  and  Sar» 
turn,  when  viewed  through  telescopes. 

The  above  considerations  prove  to  a  de* 
monstration  that  the  nearest  stars  are  removed 
from  us  at  immense  and  inconceivable  dis- 
tances; and  if  their  distance  be  so  great^ 
their  magnitudes  must  likewise  be  astonish-, 
ing,  otherwise  they  would  be  altogether  in» 
visible  either  to  the  naked  eye  or  by  the  tele^ 
scope  ;  for  a  distant  visible  object  must  always 
be  considered  as  having  a  magnitude  propor- 
tional to  its  distance  and  its  apparent  dia- 
meter. 


CHAPTER  VI. 

On  New  Stars* 


To  almost  every  eye  but  that  of  the 
astronomer,  the  starry  firmament  presents  the 
same  general  aspect.  To  a  common  observer, 
the  nocturnal  heavens  exhibit  the  appearance 
of  a  vast  concave  bespangled  with  countless 
numbers  of  shining  points,  of  various  degrees 
of  brilliancy,  and  distributed  over  the  sky  ap- 
parently without  any  order  or  arrangement. — ■ 
Whether  the  clusters  of  stars  which  are  seen 
in  summer  and  in  winter  are  the  same, — 
whetber  the  stars  which  are  seen  in  one 
region  of  the  heavens  at  six  o'clock  in  the 
evening  are  identically  the  same  which  are 
seen  in  the  same  quarter  at  midnight,  or  at 
three  in  the  morning, — whether  there  be  any 
stars  which  were  seen  by  our  forefathers 
which  are  no  longer  visible, — whether  any 
stars  unknown  to  former  generations  can  now 
be  traced  in  the  firmament, — or  whether  any 

*  The  following  is  the  calculation  expressed  in 
fiirures  : 
400)  20,000.000,000,000,  dist,  of  the  star. 

50,000,000,000,  dist.  as  viewed  by  the  tele- 

scope. 

19,950,000,000,000,        dist.  from  the  earth  at 
which  we  view  it. 


of  those  orbs  which  are  visible  at  one  tim@ 
are  invisible  at  another,- — to  such  inquiries 
there  is  not  one  out  of  a  thousand  of  those 
who  have  occasionally  gazed  at  the  starry 
heavens  that  could  give  a  satisfactory  reply^ 
It  is  the  industrious  astronomer  alone,  whOp 
with  unwearied  observations  spends  sleepless 
nights  in  surveying  the  various  regions  of  the 
celestial  vault,  that  can  tell  with  certainty 
whether  or  not  any  changes  occasionally  take 
place  in  reference  to  any  of  the  starry  orbs. 

The  first  account  we  have  of  any  changes 
having  been  perceived  among  the  stars  is  that 
recorded  by  Hipparchus,  of  Rhodes,  a  cele« 
brated  astronomer  who  flourished  about  120 
years  before  the  Christian  era.  About  this 
period,  this  «^*"urate  observer  of  the  heaven* 
perceived,  in  a  certain  part  of  the  firmament^ 
a  star  wh^.  ^^  he  had  never  observed  before-^ 
and  of  which  ne  could  find  no  record  in  the^ 
observations  of  his  predecessors.  Struck  witli. 
this  new  and  unexpected  phenomenon,  h©- 
began  to  doubt  whether  changes  might  not 
iiappen  among  the  celestial  orbs  as  well  as  ia 
the  scene  of  nature  hero  below.  In  order  thai 
(5(T 
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euch  changes  when  they  happen  might  be 
known  to  future  generations,  he  began  to 
form  a  catalogue  of  all  the  stars  visible  in  that 
part  of  the  world  where  he  resided,  noting 
down  the  place  and  apparent  magnitude  of 
ear.h  star,  till  he  at  length  completed  a  list 
fif  all  the  visible  stars  in  the  heavens ;  which 
was  the  first  catalogue  of  those  luminaries  of 
which  we  have  any  account  in  history.  It  is 
much  to  be  regretted  that  we  have  no  specific 
account  ot  the  particular  part  of  the  heavens 
where  thii  new  star  appeared,  as  it  might 
have  led  us  to  determine  whether  it  be  still 
visible,  or  whether  it  be  subject  to  periodical 
changes,  or  have  altogether  disappeared. 

In  the  year  130  after  the  Christian  era, 
another  new  star  is  said  to  have  made  its  ap- 
pearance. In  the  year  389,  a  new  star  ap- 
peared near  a  Aquilae,  or  Altair,  in  the  con- 
6tellation  of  the  Eagle.  Its  appearance  was 
sudden  ;  it  continued  three  weeks,  emitting  a 
splendour  equal  to  that  of  Venus,  and  after- 
wards entirely  disappeared.  In  the  ninth 
century,  a  new  star  appeared  in  the  fifteenth 
degree  of  Scorpio,  which  is  said  to  have  emit- 
ted as  much  light  as  is  reflected  from  one 
quarter  of  the  moon.  In  945,  a  new  star  ap- 
peared between  the  constellations  of  Cepheus 
and  Cassiopeia ;  and  another,  in  1264,  near 
the  constellation  Cassiopeia;  but  of  these 
gtars  the  accounts  are  so  vague  and  imperfect 
that  we  can  form  no  distinct  conceptions  of 
the  phenomena  they  exhibited. 

The  most  striking  and  wonderful  pheno- 
menon of  this  kind  of  which  we  have  an  au- 
thentic and  distinct  description  occurred  in 
the  beginning  of  November,  1572,  when  a 
3iew  star  appeared  in  Cassiopeia,  forming 
'nearly  a  rhombus  with  the  three  largest  stars, 
at,  ^y  y,  of  that  constellation.  Its  appearance 
was  sudden  and  brilliant.  Its  phenomena 
were  so  striking  that  the  sight  of  it  determined 
the  celebrated  Tycho  Brahe  to  become  an 
astronomer.  He  did  not  see  it  at  half  an  hour 
past  five,  when  he  was  returning  from  his 
house  to  his  laboratory ;  but  returning  about 
ten,  he  came  to  a  crowd  of  country  people 
who  were  staling  at  something  behind  him. 
Looking  round,  he  saw  this  wonderful  object. 
It  was  so  bright  that  his  staff  had  a  shadow ; 
it  was  of  a  dazzling  white,  with  a  little  of  a 
bluish  tinge.  It  had  no  tail  or  hair  around  it 
fcimilar  to  comets,  but  shone  with  the  same 
kind  of  lustre  as  the  other  fix^d  stars.  Its 
brilliancy  was  so  great  as  to  surpass  that  of 
Lyra  and  Sirius,  It  appeared  .en  larger 
than  Jupiter,  which  was  then  at  its  nearest 
approach  to  the  earth,  and  by  some  was  esti- 
mated to  be  superior  to  the  planet  Venus  in 
its  greatest  lustre.  It  was  even  seen  by  those 
who  had  good  eyes  at  noonday;  a  circum- 
stance which  never  happens  in  the  case  of 
(568) 


any  of  the  other  stars,  or  even  of  the  planets, 
except  Venus,  which  has  sometimes  been  seen 
in  daylight  in  certain  peculiar  positions. 
During  night,  it  was  frequejitly  seen  through 
thin  clouds  which  entirely  intercepted  the 
light  of  the  other  stars.  In  this  state  it  con- 
tinued to  shine  with  undiminished  brilliancy 
during  the  remaining  part  of  November,  or 
more  than  three  weeks.  It  did  not,  how- 
ever, continue  much  longer  with  this  degree 
of  brightness,  but  gradually  diminished  in  its 
lustre.  In  the  month  of  December,  it  ap- 
peared to  be  only  equal  to  Jupiter ;  in  Janu- 
ary, 1573,  it  appeared  a  little  less  than  that 
planet,  but  still  somewhat  larger  than  stars 
of  the  first  magnitude,  to  which  it  appeared 
about  equal  during  the  months  of  February 
and  March;  thus  gradually  diminishing  in 
brightness,  in  April  and  May,  it  was  like  a 
star  of  the  second  magnitude ;  in  the  months 
of  June,  July,  and  August,  it  was  equal  only 
to  the  largest  stars  in  Cassiopeia,  which  are 
mostly  of  the  third  magnitude ;  in  September, 
October,  and  November,  it  was  no  larger  than 
a  star  of  the  fourth  magnitude  ;  in  December, 
it  was  about  equal  to  the  star  called  Gammas 
which  was  nearest  to  it ;  towards  the  end  of 

1573,  and  during   the   month    of  January, 

1574,  it  was  but  little  superior  to  stars  of  the 
fifth  magnitude ;  in  February,  it  was  no 
larger  than  a  star  of  the  sixth  magnitude; 
and  in  the  month  of  March  it  entirely  disap- 
peared, having  continued  visible  from  the  be- 
ginning of  November,  1572,  to  March,  1574, 
a  period  of  about  sixteen  months.  It  was 
remarked  that  as  it  diminished  in  size  it  was 
likewise  subject  to  certain  changes  in  colour 
and  brightness.  When  it  appeared  largest, 
its  light  was  white  and  brilliant ;  after  which 
it  appeared  a  little  yellowish  ;  and  in  the  be- 
ginning of  spring,  1573,  it  approached  some- 
thing to  the  colour  of  Mars,  being  reddish 
like  the  star  Aldebaran,  or  the  Bull's  Eye, 
and  a  little  less  bright  than  the  star  in  the 
right  shoulder  of  Orion.  In  the  month  of 
May  that  year,  it  was  of  a  pale  livid  white, 
like  Saturn;  which  colour,  as  Hkewise  its 
sparkling  appearance,  continued  to  the  last, 
only  growing  more  dim  and  faint  as  it  ap 
proached  the  period  of  its  disappearance. 

Such  were  the  appearances  and  changes 
of  this  wonderful  star.  These  phenomena 
were  particularly  observed  by  several  astrono 
mers  of  that  period,  especially  by  Tycho 
Brahe,  who  wrote  a  treatise  on  the  subject, 
in  which  he  determined  its  longitude  and 
latitude,  and  demonstrated  that  it  was  situated 
in  the  region  of  the  fixed  stars,  at  a^  much 
greater  distance  from  the  earth  than  the  sun, 
moon,  or  any  of  the  planets,  as  it  had  no 
sensible  parallax,  and  remained  in  the  same 
point  of  the  heavens  during  the  whole  perioti 
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of  its  appearance.  This  star  was  likewise 
diligently  observed  by  Cornelius  Gamma,  who 
says  that  on  the  nJght  of  the  8th  November, 
1572,  he  viewed  with  some  attention  that  part 
of  the  heavens,  in  a  very  serene  sky,  but  saw 
nothing  uncommon  ;  but  that  the  next  night, 
November  9th,  it  appeared  with  a  splendour 
surpp'-^ing  all  the  fixed  stars,  and  scarcely 
less  oright  than  Venus.  The  longitude  of 
this  star,  as  determined  by  Tycho,  was  9° 
I7^  and  53°  45'  of  north  latitude. 

The  point  in  the  heavens  where  this  star 
appeared  may  be  ascertained  from  the  follow- 
ing figure,  which  exhibits  a  representation  of 
the  principal  stars  in  Cassiopeia.  The  general 
position  of  this  constellation  may  be  found 
from  the  map  of  the  clrcumpolar,  stars,  Plate 
III.  It  is  almost  directly  opposite  Ursa  Major, 
or  the  Great  Bear.  A  line  drawn  from  the 
Bear  through  the  pole-star  meets  Cassiopeia 
at  nearly  an  equal  distance  on  the  other  side 
of  that  star.  When  the  Bear  is  at  its  lowest 
position  below  the  pole,  Cassiopeia  is  near 
the  zenith,  and  vice  versa.  In  the  annexed 
representation  (fig.  9)  the  large  star  towards 
the  left  points  out  the  place  which  was  occu- 
pied by  the  new  star,  which,  with  the  three 
stars  a,  j8,  y,  forms  a  kind  of  rhombus,  or 
irregular  square.  The  one  on  the  left  above 
She  new  star  is  j3,  and  is  also  known  by  the 

Fig.  9. 


name  of  Caph.  The  one  to  the  right  of 
Caph  and  a  little  higher  is  a,  distinguished 
likewise  by  the  name  Schedir.  Below  Schedir, 
and  a  little  to  the  right,  is  the  star  y,  or 
Gamma.  About  six  degrees  north-west  of 
Caph,  the  telescope  reveals  to  us  a  pretty 
large  nebula  of  small  stars,  apparently  com- 
pressed into  one  mass,  with  a  number  of  loose 
l-Stars  surrounding  it. 

In  the  year   1604,  about  the  end  of  Sep- 
tember, another  new  star  appeared "  near  the 
72 


heel  of  the  right  foot  of  SerpentaHiis,  At 
that  time,  near  the  same  part  of  the  heavens, 
the  planets  Mars,  .Tupiter,  and  Saturn,  were 
very  near  each  other,  a  phejiomenon  which 
so  engaged  the  attention  of  astronomers  that 
no  uncommon  appearance  in  that  quarter  of 
the  heavens  could  long  have  escaped  detection. 
On  the  17th  of  September,  Kepler,  who  wrote 
a  treatise  on  this  star,  carefully  observed  the 
three  planets ;  on  the  23d,  he  again  viewed 
Mars  and  Jupiter,  then  approaching  to  tl^r 
conjunction;  and  one  of  his  scholars  m^e 
the  same  observation  on  the  27th.  On  the 
28th,  and  on  the  29th,  which  was  the  day 
when  Mars  and  Jupiter  were  in  conjunction, 
they  were  observed  by  MaestHrius  and  others  ; 
but  none  of  them  as  yet  saw  any  thing  of  the 
new  star.  On  the  SOtli,  the  sudden  breaking  of 
the  clouds  afforded  one  of  Kepler's  friends  an 
opportunity  of  having  a  very  short  view  of  it  c 
for  in  looking  for  Mars  and  Jupiter,  he  saw 
a  bright  star  near  them,  which  he  had  not 
seen  before,  but  it  was  soon  obscured  by  clouds 
On  the  2d,  3d,  4th,  and  6th  of  October,  it 
was  seen  by  several  persons  in  different  places 
On  account  of  cloudy  weather  at  Prague, 
where  Kepler  resided,  he  did  not  see  it  till  the 
8th  of  that  month.  All  the  observers  agreed 
in  this, — that  it  was  exactly  round,  without 
any  beard  or  tail ;  that  it  was  exactly  like  one 
of  the  fixed  stars ;  and  that  in  the  vividness 
of  its  lustre,  and  the  quickness  of  its  spark- 
ling, it  exceeded  anything  they  had  ever  seen 
before.  As  to  ii^  colour,  it  was  remarked  that 
it  was  every  moment  changing  into  the  colours 
of  the  rainbow,  as  yellow,  orange,  purple,  and 
red  ;  but  was  generally  white  when  at  a  little 
height  above  the  vapours  near  the  horizon. 
At  its  first  appearance,  it  seemed  larger  than 
any  of  the  fixed  stars,  and  even  surpassed 
Jupiter,  which  planet  was  near  it  during  the 
whole  of  October,  and  by  its  steady  light  was 
easily  distinguishable  from  this  vehemently 
sparkling  star.  It  continued  of  the  same  size 
and  brilHancy  during  the  whole  of  October. 
About  the  end  of  this  month  the  sun  was  ap- 
proaching that  part  of  the  heavens  in  which 
the  star  appeared,  yet  on  the  30th  it  was  so 
much  brighter  than  Jupiter  that  Kepler  could 
see  it  distinctly  when  Jupiter  was  impercepti- 
ble, on  account  of  the  light  of  the  sun,  though 
he  was  further  from  the  sun's  beams  than  the 
star.  On  the  6th  and  8th  oi  November  it 
was  seen  by  Kepler  and  others  ;  and  at  Turin, 
on  the  13th,  which  appears  to  have  been  the 
last  time  it  was  perceived  before  being  over- 
powered by  the  solar  rays.  After  emerging 
from  the  sun's  rays,  on  the  west,  it  was  seen 
in  the  morning  on  the  24th  December,  and 
though  it  sparkled  exceedingly,  yet  it  was 
considerably  diminished  in  magnitude,  appear- 
ing however,  larger  than  the  bright  star  An.' 
3  B  2  (569) 
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tares.  From  the  middle  of  January  1605,  till 
the  middle  of  March,  it  gradually  diminished 
in  brightness.  In  the  beginning  of  April,  it 
appeared  like  a  star  of  the  third  magnitude, 
and  continued  nearly  of  the  same  size  during 
the  months  of  May,  June,  and  July,  and  con- 
tinued to  sparkle  more  strongly  than  any  other 
fixed  star.  On  September  28th,  a  year  after 
its  first  appearance,  it  was  more  brilliant  than 
the  star  in  the  leg  of  Serpentarius,  which  is 
reckoned  of  the  third  magnitude.  As  it  was 
at'this  time  again  approaching  to  the  vicinity 
of  the  sun,  it  does  not  appear  to  have  been 
seen  after  this  period.  In  December,  1605. 
and  January,  1606,  cloudy  weather  prevented 
observations  after  it  had  emerged  from  the 
solar  rays.  Kepler  concludes  that  it  must  have 
disappeared  some  time  between  October, 
1606,  and  the  following  February,  but  on  what 
day  is  uncertain.  Like  the  former  star  which 
appeared  in  Cassiopeia,  it  had  no  parallax, 
and  remained  in  the  same  point  of  the 
heavens. 

None  of  the  new  stars  whose  phenomena 
we  have  described  above  have  ever  reappear- 
ed, the  places  which  they  occupied  still  re- 
maining a  blank.  It  is  much  to  be  regretted 
that  the  telescope  was  not  invented  at  the 
periods  when  these  stars  appeared,  as  it  might 
have  been  ascertained  by  that  instrument 
whether  they  had  any  sensible  diameters.  At 
any  rate,  their  gradual  decrease  of  magnitude 
and  lustie  might  have  been  traced  by  a  good 
telescope  for  a  long  period,  perhaps  for  years, 
after  they  disappeared  to  the  naked  eye,  which 
must  have  led  us  to  draw  some  conclusions 
respecting  the  cause  which  produced  so  ex- 
traordinary phenomena.  Were  such  a  re- 
markable phenomenon  to  happen  in  our  times, 
when  telescopes,  micrometers,  and  other  as- 
tronomical instruments  have  received  so  many 
exquisite  improvements,  so  as  to  enable  us  to 
penetrate  deep  into  the  profundity  of  space, 
and  to  measure  the  smallest  angles,  a  variety 
of  additional  facts  and  circumstances  would 
doubtless  be  discovered  in  relation  to  pheno- 
mena and  events  so  striking  and  sublime.* 

The  subject  of  new  stars,  such  as  those  now 
tflescribed,  which  blazed  forth  with  so  extra- 
ordinary a  brilliancy  and  so  soon  disappeared, 
naturally  gives  rise  to  solemn  and  interesting 
reflections.     There  is  a  mystery  that  hangs 

*  Besides  the  above,  the  following  instances  of 
iiew  stars  may  be  noted  :— In  the  year  1670,  a  new 
<tar  was  discovered  by  Hevelius  and  Anthelm,near 
the  head  of  the  Swan,  which,  after  becominj?  in- 
visible, reappeared,  and  after  undergoing  several 
emgular  fiuctiiaiions  of  light  during  two  years, 
gradually  vanished  from  the  sight,  and  has  never 
since  been  seen.  Another  new  star  is  said  to 
have  been  seen  the  same  year  at  Paris,  about  the 
back  of  the  Swan,  which,  after  the  space  of  four- 
teen days,  vanished  away. — Whistou's  Astrono- 
uiicaL  Lectures,  p.  45. 
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over  such  sublime  phenomena  which  prr^ 
duces  in  the  mind  an  anxious  desire  to  behold 
the  veil  removed,  and  to  investigate  the  reasons 
and  causes  of  such  stupendous  events.  "It 
is  impossible,"  says  Mrs.  Sommerville,  when 
alluding  to  the  star  of  1572,  "  to  imagin*^  any 
thing  more  tremendous  than  a  conliagration 
that  would  be  visible  at  such  a  distance." 
Whether  there  was  any  thing  in  the  existing 
state  of  the  body  alluded  to  similar  to  what 
we  call  a  conjlagration  may  be  justly  doubted  ; 
but  there  was  a  splendour  and  luminosity  con- 
centrated in  that  point  of  the  heavens  where 
the  star  appeared  which  would  more  than 
equal  the  blaze  of  twelve  hundred  thousand 
worlds  such  as  ours,  were  they  all  collected 
into  one  mass,  and  all  at  once  wrapt  in  flames-, 
Nay,  it  is  not  improbable  that,  were  a  globe 
as  large  as  would  fill  the  whole  circumference 
of  the  earth's  annual  orbit  to  be  lighted  up 
with  a  splendour  similar  to  that  of  the  sun 
it  would  scarcely  surpass  in  brilHancy  anc. 
splendour  the  star  to  which  we  refer ;  fo 
during  the  whole  period  of  its  continuing 
visible,  it  never  appeared  in  the  least  to  shift 
its  position,  though  it  was  carefully  watched 
by  the  astronomers  of  that  age  ;  and,  conse- 
quently, the  whole  diameter  of  the  earth's 
orbit,  while  the  earth  passed  fi:om  one  extre- 
mity of  it  to  another,  appeared  only  as  a  point 
at  the  vast  distance  at  which  the  star  was 
situated.  These  may  appear  bold  positions, 
but  they  are  in  some  measure  warranted  by 
the  facts  of  the  case,  and  they  are  perfectly 
consistent  with  what  we  know  of  many  of 
the  other  astonishing  operations  of  that 
Almighty  Being  who  is  "  wonderful  in  coun- 
sel and  excellent  in  working,"  and  "whose 
ways,"  in  providence  and  creation  "  are  pasi 
finding  out." 

It  is  natural  to  inquire  what  may  have  beeji 
the  cause  of  phenomena  so  extraordinary  and 
sublime ;  but  our  limited  views  of  creation 
and  of  the  plans  and  purposes  of  its  Omnipo- 
tent Contriver  and  Governor  prevent  us  from 
arriving  at  any  satisfactory  conclusions.  La 
Place  says,  in  reference  to  this  subject — '*  As 
to  those  stars  which  suddenly  shine  forth  wilh 
a  very  vivid  light,  and  then  vanish,  it  may  be 
supposed,  with  probability,  that  great  confla- 
grations, occasioned  by  extraordinary  causes, 
take  place  on  their  surfaces ;  and  this  suppo- 
sition is  confirmed  by  their  change  of  colour 
analogous  to  that  which  is  presentc  d  to  us  on 
the  earth  by  bodies  which  are  consumed  by 
fire."*  But  such  an  opinion,  however  great 
the  astronomer  who  proposed  it,  appears  quite 
unsatisfactory.  We  err  egregiously  when 
we  attempt  to  compare  the  puny  operations 
and  conflagrations  which  happen  on  our  glob© 
with  a  scene  so  far  transcending  every  thing 
*  System  of  the  World,  vol.  i.  j>.  101. 
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we  behold  in  this  terrestrial  sphere.  The 
greatest  conilagration  that  was  ever  witnessed 
on  earth  cannot  hear  the  smallest  proportion 
or  similitude  to  an  ohject  which  must  have 
occupied  a  space  more  than  ten  hundred  thou- 
sand times  the  solid  contents  of  our  globe ; 
nor  is  it  likely  that  the  agents  or  elementary 
principles  which  produced  the  respective  phe- 
nomena were  at  all  similar. 

The  late  Professor  A^ince,  one  of  the  most 
learned  astronomers  of  his  age,  has  the  fol- 
lowing remark : — "  The  disappearance  of  some 
stars  may  be  the  destruction  of  that  system 
at  the  time  appointed  by  the  Deity  for  the 
probation  of  its  inhabitants,  aiid  the  appear- 
ance of  new  stars  may  be  the  formation  of 
new  systems  for  new  races  of  beings  then 
called  into  existence  to  adore  the  works  of 
their  Creator."*  The  late  Dr.  Mason  Good 
seemed  to  indulge  in  a  similar  opinion. 
"  Worlds,  and  systems  of  worlds,"  says  he, 
"  are  not  only  perpetually  creating,  but  also 
perpetually  disappearing.  It  is  an  extraordi- 
nary fact  that,  within  the  period  of  the  last 
century,  not  less  than  thirteen  stars,  in  differ- 
ent constellations,  seem  to  have  totally  pe- 
rished, and  ten  new  ones  to  have  been  cre- 
ated. In  many  instances  it  is  unquestionable 
that  the  stars  themselves,  the  supposed  habi- 
tation of  other  kinds  or  orders  of  intelligent 
beings,  together  with  the  different  planets  by 
which  it  is  probable  they  were  surrounded, 
have  utterly  vanished,  and  the  spots  which 
they  occupied  in  the  heavens  have  become 
blanks.  What  has  befallen  other  systems 
will  assuredly  befall  our  own.  Of  the  time 
and  the  manner  we  know  nothing ;  but  the 
fact  is  incontrovertible — ^it  is  foretold  by  reve- 
lation— it  is  inscribed  in  the  heavens — it  is 
felt  through  the  earth.  Such  is  the  awful 
and  daily  text ;  what,  then,  ought  to  be  the 
comment]"  Similar  to  these  were  the  sen- 
timents of  the  late  professor  Robinson,  of 
Edinburgh: — "What  has  become  of  that 
dazzling  star,  surpassing  Venus  in  brightness, 
which  shone  out  all  at  once  in  November, 
1573]" — '"Such  appearances  in  the  heavens 
make  it  evident  that,  notwithstanding  the 
wise  provision  made  for  maintaining  that 
order  and  utility  which  we  behold  in  our 
system,  the  day  may  come  *  when  the  heavens 
shall  pass  away  like  a  scroll  that  is  folded  up, 
when  the  stars  in  heaven  shall  fall,  and  the 
sun  shall  cease  to  give  his  light.'  The  sus- 
taining hand  of  God  is  still  necessary,  and 
the  present  order  and  harmony  which  he  has 
enabled  us  to  understand  and  admire  is  wholly 
dependent  on  his  will,  and  its  duration  is  one 
of  the  unsearchable  measures  of  his  provi- 
iSence." 

Such  are  the  pious  sentiments  of  the  above- 
*  Vincc's  "Complete  System  of  Astronomy.'* 


named  respectable  philosophers  in  reference 
to  the  subject  under  consideration  •  but  it  may 
be  questioned  whether  they  are  altogether  ju- 
dicious, or  correspondent  to  the  perfections  of 
the  Creator  and  the  arrangements  he  has 
made  in  the  universe.  They  seem  to  take 
for  granted  that  those  stars  which  have  blazed 
for  awhile,  and  then  disappeared,  have  been 
destroyed  or  annihilated.  We  are  indeed  in- 
formed that,  in  regard  to  our  globe,  a  period 
is  approaching  when  "the  elements  shall 
melt  with  fervent  heat,  and  the  earth  and  the 
works  that  are  therein  shall  be  burnt  up." 
But  such  a  conflagration  cannot  be  justly 
compared  to  the  splendours  of  those  wonder- 
ful stars  described  above.  At  whatever  period 
in  the  lapse  of  duration  such  an  event  may 
take  place,  it  will  be  so  far  from  being  visible 
at  the  nearest  star,  that  it  would  not  be  seen 
by  such  eyes  as  ours  at  the  boundaries  of  our 
system.  Besides,  we  are  assured,  in  that 
revelation  which  announces  it,  that  that  aw- 
ful event  shall  take  place  as  one  of  the  conse- 
quences of  the  sin  and  depravity  of  man; 
and  therefore  we  have  no  reason  to  believe 
that  it  will  extend  to  the  sun  or  any  of  the 
surrounding  planets  of  our  system ;  nor  have 
we  any  reason  to  conclude  that  the  conflagra- 
tion of  our  globe  will  issue  in  its  entire  de- 
struction, or  that  the  elementary  principles  of 
which  it  is  composed  will  be  annihilated.  It 
is  more  probable,  nay,  almost  certain,  that 
this  tremendous  event  will  only  tend  to  purify 
our  globe  from  the  physical  evils  which  now 
exist,  and  to  transform  it  into  a  new  and  hap- 
pier world  for  the  residence  of  renovated  and 
pure  inteUigences.  In  regard  to  annihilation  ^ 
we  have  no  proof  that  any  particle  of  matter 
which  was  ever  created  has  yet  been  annihi- 
lated.* Incessant  changes  and  transforma- 
tions are  going  forward  both  in  the  scene  of 
sublunary  nature  and  throughout  the  celestial 
regions ;  but  changes  in  material  objects  do 
not  necessarily  imply  the  destruction  of  the 
matter  of  which  they  aie  composed,  but 
simply  a  new  arrangement  or  mode  of  opera- 
tion. We  have  no  reason  to  believe  that  any 
portions  of  matter  which  now  exist  through- 
out the  universe  will  ever  be  reduced  to  anni- 
hilation. On  the  other  hand,  we  have  palpa- 
ble evidence,  from  several  phenomena  in  the 
heavens,  that  the  work  of  creation  is  still 
going  forward,  and  that  the  Creator  is  gradu- 
ally ushering  into  existence  new  suns,  and 
systems,  and  worlds  ;  and  in  all  probablity  his 
creating  energy  will  be  continually  exerting 
itself  throughout  all  the  succeeding  ages  of 
eternity. 

Again,   if  that   grand    ana   terrific   event 
which  is  to  put  a  final  period  to  the  present 

*  See  "  Philosophy  of  a  Future  ^^tate,"  chap.  I* 
sect.  10;  and  "  Christian  Philosopher." 
(571) 
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terrestrial  system  is  to  be  viewed  as  a  conse- 
tjiience  of  tlie  introduction  of  moral  evil  and 
the  depravity  of  man,  then  we  are  led  to  con- 
clude that  those  intelligences  which  were 
connected  with  the  systems  which  are  sup- 
posed to  have  been  destroyed  must  have  been 
mvolved  in  the  guilt  of  moral  degeneracy,  or, 
in  other  words,  in  rebellion  against  their  Cre- 
ator ;  otherwise,  why  were  they  subjected  to 
such  an  awful  catastrophe,  and  doomed  to  be 
blotted  out  of  existence  1  We  have  no  ground 
far  entertaining  any  such  supposition.  Rea- 
soning from  the  benevolence  of  the  Deity,  it 
is  more  probable  to  conclude  that  the  inhabi- 
tants of  our  world  are  almost  the  only  intelli- 
gences throughout  the  universe  who  have 
swerved  from  the  path  of  original  rectitude, 
and  violated  the  moral  laws  of  their  Maker. 
Nor  is  it  likely  that  th«  whole  inhabitants  of 
any  system,  consisting,  perhaps,  of  thirty  or 
even  of  a  hundred  worlds — would  be  found 
uniting  in  rebellion  against  the  moral  govern- 
ment of  their  Benefactor,  so  as  to  warrant  the 
entire  destruction  of  the  system  with  which 
they  were  connected.  Besides,  were  the 
views  of  the  philosophers  to  which  I  allude  to 
be  adopted,  then  we  must  admit  that  the  sys- 
tems which  in  their  opinion  were  destroyed 
or  annihilated  must  have  been  continued  in 
existence  only  for  a  year  or  two ;  for  no  lumi- 
nous bodies  occupied  the  places  of  the  new 
stars  before  they  burst  on  a  sudden  to  the 
view,  and  no  twinkling  orbs  have  been  seen 
in  these  points  of  the  heavens  since  they  dis- 
appeared ;  but  it  is  surely  not  at  all  probable 
that  the  Almighty  would  launch  into  exist- 
ence systems  of  such  amazing  magnitude  and 
splendour,  and  suffer  them  to  rush  into  de- 
struction within  a  period  of  so  very  limited 
duration. 

For  the  reasons  now  stated,  and  others 
which  might  have  been  brought  forward,  I 
cannot  acquiesce  in  the  views  of  the  respect- 
able philosophers  to  which  I  have  adverted; 
but  it  is  easier  to  set  aside  an  untenable  hypo- 
thesis than  to  attempt  an  explanation  of  the 
real  causes  of  so  sublime  and  wonderful  phe- 
nomena. In  investigating  the  distant  won- 
ders of  the  universe  and  the  arrangements  of 
the  Divine  government,  it  becomes  us  to  ex- 
press our  sentiments  with  modesty  and  cau- 
tion. Whatever  may  have  been  the  causes 
which  produced  the  sudden  splendour  and  the 
rapid  disappearance  of  the  new  stars,  I  enter- 
tain not  the  least  doubt  that  those  bodies  are 
still  in  existence,  and  subserving  important 
purposes  in  the  economy  of  God's  universal 
government.  Almost  any  hypothesis  is  to  be 
preferred  to  that  which  supposes  their  de- 
struction or  annihilation.  What  should  hin- 
der us  from  concluding  that  the  extraordinary 
phenomena  of  the  star  of  1572  was  owing  to 
(572) 


a  luminous  orb  of  immense  magnitude,  ac» 
companied  with  a  retinue  of  worlds,  moving 
with  inconceivable  velocity  in  an  immense 
elliptical  orbit,  the  longer  side  of  which  was 
nearly  in  a  direction  to  our  eye;  that  its 
most  brilliant  appearance  was  when  it  was 
nearerst  our  system,  as  at  A,  (fig.  10,)  sup» 

Fig.  10. 


posing  E  the  relative  position  of  the  earth,  oi 
of  our  system ;  and  that,  as  it  gradually  de- 
clined in  its  brightness,  it  was  passing  along 
the  curve  from  A  towards  B  and  C,  till  its 
rapid  flight  at  length  carried  it  beyond  the 
hmits  of  human  vision  1  Had  telescopes  been 
in  use  at  that  period,  there  is  little  doubt  it 
would  have  been  seen,  though  still  diminish- 
ing, for  a  much  longer  period  than  that  in 
which  it  was  visible  to  the  unassisted  eye; 
in  which  case  it  would  have  fully  corroborated 
the  opinion  now  stated.  In  confirmation  of 
this  explanation  of  the  phenomena  it  has  been 
supposed,  with  a  high  degree  of  probability, 
that  it  is  the  same  star  which  appeared  in  the 
year  945  and  in  1264,  which,  of  course,  would 
have  a  period  of  revolution  of  about  319  years, 
which  period  might  vary  two  or  three  years 
in  the  course  of  its  revolutions,  from  causes 
with  which  we  are  unacquainted,  as  we  find 
sometimes  happens  in  the  case  of  comets. 
This  opinion  is  rendered  the  more  probable 
from  the  consideration  that  the  stars  of  945 
and  1264  appeared  in  the  constellation  of 
Cassiopeia,  where  likewise  the  star  of  1572 
was  observed ;  and  if  these  be  identical,  then 
it  is  probable  that  it  will  again  make  its  ap- 
jiearance  about  the  year  1891  or  1892;  and 
if  so,  astronomers  will  then  have  a  better  op- 
portunity of  marking  its  aspects  and  motions, 
and  determining  its  size  and  its  period  of  re» 
volution. 

If  this  explanation  appear  the  most  proT»a- 
ble,  it  presents  to  the  mind  a  most  magnifi- 
cent  and  overwhelming  idea,  without  suppos- 
ing any  thing  so  tremendous  and  terrific  as  a 
sudden  conflagration.  It  presents  before  us  a 
luminous  globe  of  astonishing  magnitude — - 
perhaps  not  less  than  a  hundred  times  the 
size  of  our  sun — ^winging  its  course  over  a 
circuit  perhaps  a  thousand  times  more  expan- 
sive than  the  orbit  of  Uranus,  and  carrying 
along  with  it  a  hundred  worlds  in  its  swill 
career.     The  motion   of  such  a  body  must 
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have  been  rapid  in  the  extreme,  when  we  con- 
sider the  rapid  diminution  of  its  apparent 
magnitude.  In  the  month  of  November  it 
first  appeared;  in  December  its  brightness 
was  sensibly  diminished ;  in  the  month  of 
April  tbilowing  it  had  diminished  to  the  size 
of  a  star  of  the  second  magnitude ;  in  July, 
to  one  of  the  third  magnitude ;  in  October,  to 
one  of  the  fourth ;  in  the  following  January, 
to  one  of  the  fifth ;  in  February,  to  one  of 
the  sixth  magnitude ;  and  in  March  it  disap- 
peared. 

Now,  accv.rding  to  Sir  W.  Herschers  ex- 
periments, the  light  of  a  star  of  the  Jirst  magni- 
tude being  supposed  1 00,  the  light  of  one  of  the 
second  magnitude  is  25,  one  of  the  third  mag- 
nitude, 12,  &c.  (see  p.  25.)  If,  then,  we  sup- 
pose these  classes  of  stars  to  be  nearly  of  equal 
magnitudes,  and  that  their  distance  is  in  an 
inverse  proportion  to  the  dinunution  of  their 
light,  it  will  follow  that  a  star  of  the  second 
magnitude  is  four  times  the  distance  of  a  star 
of  the  first;  a  star  of  the  third  magnitude, 
four  times  the  distance  of  the  second,  or  eight 
times  the  distance  of  the  first  magnitude,  &c, 
Supposing,  then,  the  star  of  1572  to  have 
been  twenty  billions  of  miles  from  the  earth  at 
its  nearest  approach  to  our  system :  from  De- 
cember, 1572,  to  April,  1573,  when  it  was 
diminished  to  the  apparent  size  of  a  star  of 
the  second  magnitude,  it  must  have  moved 
four  times  that  distance,  or  eighty  billions  of 
miles  during  these  four  months,  which  is  at 
the  rate  of  six  hundred  thousand  millions  of 
miles  a  day,  and  four  hundred  and  sixty-two 
millions  a  minute,  a  velocity  of  which  we  can 
bave  no  adequate  conception. 


If  the  above  explanation  be  unsatisfactory, 
I  know  not  to  what  hypothesis  to  resort  for  a 
solution  of  this  mysterious  and  wonderful 
phenomenon.  V/hatever  view  we  may  be 
disposed  to  take  of  such  striking  events,  we 
are  lost  in  admiration  and  wonder.  We  be- 
hold a  display  of  magnitude,  of  motion,  and 
of  magnificence,  which  overpowers  the  human 
faculties,  which  shows  us  the  littlei  ess  of  man 
and  the  limited  nature  of  his  powers,  and 
which  ought  to  inspire  us  with  reverence  of 
that  Almighty  Being  who  sits  on  the  throne 
of  the  universe,  directing  all  its  movements 
for  the  accomplishment  of  his  mse  and  right- 
eous designs,  and  for  the  diffusion  of  universal 
happiness  throughout  all  the  ranks  of  intelli- 
gent existence.  However  astonishing  the  con- 
clusions we  are  led  to  deduce  from  the  phe- 
nomena under  consideration,  the  facts  to  which 
we  have  adverted  are  not  beyond  the  energies 
of  Him  whose  perfections  are  strictly  infinite. 
Nay,  from  such  a  Being,  who  is  self-existent 
and  omniscient,  who  fills  the  immensity  of 
space  with  his  presence,  and  whose  power  is 
boundless  in  its  operation,  we  should  naturally 
expect  that  displays  of  creating  and  sustain- 
ing energy  would  be  exhibited,  altogether  over- 
whelming and  incomprehensible  by  mortals. 
"  Canst  thou  by  searching  find  out  God  1 
Canst  thou  find  out  the  almighty  perfection  1 
In  the  heights  of  heaven  he  doth  great  things 
p  t,-,t  finding  out,  yea,  and  w  Miders  without 
number.  By  his  spirit  he  ha^ ,  garnished  the 
heavens.  The  pillars  of  heaven  iremble  and 
are  astonished  at  his  "iproo'i  Lo,  these  are 
but  parts  of  his  ways ;  but  the  thunder  of  his 
power  who  can  understand  1" 


CHAPTER  VIL 

On  Variable  Stars, 


Whet*-  the  starry  firmament  is  attentively 
surveyed,  and  the  as[)ects  of  the  numerous 
orbs  it  contains  particularly  marked,  it  is  found 
that  several  of  these  bodies  are  subject  to  pe- 
riodical changes  in  the  brilliancy  of  their  light 
and  their  apparent  diameters,  indicating  in 
some  instances  motions  and  revolutions  of 
considerable  extent.  The  following  sketches 
contain  descriptions  of  the  more  remarkable 
phenomena  connected  with  this  class  of  the 
heavenly  bodies,  generally  known  by  the  name 
of  variable^  or  periodical  ^i?u:si 

The  first  star  of  this  kind  which  seems  to 
have  been  particularly  noticed  is  one  in  the 
neck  of  the  Whale,  whose  right  ascension  is 
2"  8'  33^',  and  south  declination,  3°  57'  25^'. 
It  was  first  observed  on  August  13th,  1596, 
by  David  Fabricius,  when  it  appeared  like  a 


star  of  the  third  magnitude,  but  disappeared 
after  the  month  of  October  in  the  same  year. 
It  was  again  observed  by  Holwarda  in  the 
year  1637;  and  after  having  disappeared  dur- 
ing a  period  of  nine  months,  it  again  became 
visible;  since  which  time  it  has  been  found 
every  year  pretty  regular  in  its  period,  except 
fi"om  October,  1672,  to  December,  1676,  during 
which  time  Hevelius  could  not  perceive  it, 
though  it  was  a  particular  object  of  his  atten- 
tion. Bullialdus,  a  Frenchman,  having  com?- 
pared  together  the  observations  that  had  been 
made  on  it  from  1638  to  1666,  determined  the 
periodical  time  between  its  appearing  in  ita 
greatest  brightness  and  returning  to  it  again 
to  be  333  days.  He  found  also  that  about  120 
days  elapse  between  the  time  that  it  is  first 
seen  of  the  sixth  magnitude  and  its  disappear- 
(573) 
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ing ;  that  it  conlmues  in  its  greatest  lustre  for 
about  fifteen  days;  that  after  its  first  reap- 
pearance of  the  sixth  magnitude  it  increases 
in  siy;e  much  faster  till  it  come  to  be  of  the 
fourth  magnitude,  than  it  does  from  that  pe- 
riod to  its  being  of  the  third;  and  that  from 
Its  being  of  the  third  it  increases  to  the  second 
magnitude  by  still  slower  degrees.  Modern 
ftstronomers  give  the  following  description  ; — 
"  It  remains  in  its  greatest  brightness  about  a 
fortnight,  being  then  nearly  equal  to  a  star  of 
the  second  magnitude;  it  decreases  during 
three  months,  till  it  becomes  completely  invisi- 
ble, in  which  state  it  remains  about  five 
months,  when  it  again  becomes  visible,  and 
continues  increasing  during  the  remaining 
three  months  of  its  period ;  but  it  does  not 
always  return  to  the  same  degree  of  bright- 
ness, nor  increase  and  diminish  by  the  same 
gradations."  It  appears  about  twelve  times 
in  eleven  years.  Cassini  determined  its  pe- 
riod to  be  334  days ;  but  Sir  W.  Herschel 
makes  it  331  days,  10  hours,  19  minutes.  It 
appears,  then,  that  this  star  passes  through  all 
the  gradations  of  light  and  magnitude  from  a 
star  of  the  second  to  a  star  of  the  sixth  mag- 
nitude and  under ;  but  after  it  has  disappeared 
to  the  naked  eye  it  may  be  traced  to  its  lowest 
magnitude  by  a  telescope  of  moderate  power. 
It  is  sometimes  distinguished  by  the  name  of 
Stella  Mira,  or  the  wonderfiil  star,  and  0?ni- 
cron  Ceti. 

In  1704,  Maraldi  observed  a  variable  star 
in  the  constellation  Hydra,  This  star  had 
been  described  by  Montanari  in  1 670,  but  was 
not  visible  in  April,  1 702.  Maraldi  saw  it 
for  the  first  time  in  the  beginning  of  March, 
1704,  in  the  same  place  where  it  had  been 
seen  thirty-four  years  before.  It  appeared  of 
the  fourth  magnitude,  and  continued  nearly  in 
the  same  state  till  the  beginning  of  April.  It 
then  gradually  diminished  till  the  end  of  May, 
when  it  could  no  longer  be  seen  by  the  naked 
eye,  but  was  visible  through  the  telescope  for 
a  month  longer.  It  could  not  be  seen  again 
till  the  end  of  November,  1705,  when  that 
part  of  the  heavens  began  to  emerge  fi-om  the 
sun's  rays.  It  was  then  very  faint,  and  grew 
less  and  less  till  the  end  of  February,  1706, 
and  could  then  be  scarcely  perceived  even 
with  a  telescope.  It  did  not  reappear  till  the 
18th  of  April,  1708,  when  it  was  larger  than 
a  star  of  the  sixth  magnitude,  and  increasing 
hi  lui5tre.  It  was  seen  by  the  same  observer 
afterwards,  in  the  years  1 709  and  1712.  From 
the  observations  of  Maraldi,  Mr.  Pigot  con- 
cludes that  its  period  was  then  494  days;  but 
from  observations  made  by  himself,  he  thinks 
that  now  it  is  only  487  days ;  so  that  from 
the  time  of  Maraldi  it  has  shortened  seven 
Jays.  The  following  are  the  more  prominent 
particulars  relating  to  this  star:— 1,  When 
(574) 


at  its  full  brightness  it  is  of  the  fourth  magni- 
tude, and  does  not  perceptibly  change  for  the 
space  of  fourteen  days.  2.  It  is  about  six 
months  in  increasing  from  the  tenth  magni- 
tude and  returning  to  the  same ;  so  that  it 
may  be  considered  as  invisible  during  that 
time.  3.  It  is  considerably  more  quick,  per- 
haps one-half  more  so,  in  its  increase  than 
in  its  decrease.  4.  Though,  when  at  its  full, 
it  may  always  be  styled  a  star  of  the  fourth 
magnitude,  it  does  not  constantly  attain  the 
same  degree  of  brightness,  but  the  dilTerences 
are  very  small.  5.  Its  right  ascension  for 
1786  is  31 '» 18'  4'' ;  and  its  south  declination, 
22°  9'  38'^  It  is  marked  No.  30  in  Heve- 
lius'  Catalogue  of  the  Stars ;  from  which 
data,  its  place  may  easily  be  found  on  a  plani- 
sphere, or  on  the  celestial  globe. 

In  the  year  1 600,  G.  Jansonius  discovered  a 
variable  star  in  the  breast  of  the  Swan,  which 
was  afterwards  observed  by  different  astrono- 
mers, and  supposed  to  have  a  period  of  about 
ten  years.  The  results  of  Mr.  Pigot's  calcu^ 
lations  from  the  observations  of  former  astro* 
nomers  are — 1.  That  it  continues  in  full  luS" 
tre  for  five  years.  2.  It  decreases  rapidly  for 
two  years.  3.  It  is  invisible  to  the  naked 
eye  for  four  years.  4.  It  increases  slowly 
during  seven  years.  5.  All  these  changes  are 
completed  in  eighteen  years.  6.  It  was  at  its 
minimum  at  the  end  of  the  year  1663.  7.  It 
does  not  always  increase  to  the  same  degree 
of  brightness,  being  sometimes  of  the  third, 
and  at  others  only  of  the  sixth  magnitude 
"  I  am  entirely  ignorant,"  says  Mr.  Pigot, 
"  whether  it  is  subject  to  the  same  changes  in 
this  century,  having  not  met  with  any  series 
of  obserA'ations  upon  it ;  but  if  the  above  con- 
jectures are  rights  it  will  be  at  its  minimum  in 
a  very  few  years.  Since  November,  1781,  to 
the  year  1786,  I  have  constantly  seen  it  of 
the  sixth  magnitude,  though  I  suspect  that  in 
1785-6,  it  had  rather  decreased."  This  star 
is  near  Gamma  in  the  Swan's  breast :  it  varie<s 
from  the  third  to  the  sixth,  seventh,  &c.  mag- 
nitudes. Its  right  ascension  is  20*^  9'  54'',* 
north  declination,  37°  22'  37''. 

One  of  the  most  remarkable  of  these 
changeable  stars  is  that  called  Algol,  in  the 
head  of  Medusa,  in  the  constellation  Perseiis. 
It  had  long  since  been  known  to  appear  of 
different  magnitudes  at  different  times;  but 
its  period  was  first  ascertained  by  John  Good- 
ricke,  Esq.,  of  York,  who  began  to  observe 
it  in  the  beginning  of  the  year  1783.  It 
changes  continually  from  the  first  or  second 
to  the  fourth  magnitude ;  and  the  time  which 
elapses  from  one  greatest  diminution  to  the 
other  was  found  in  1783  to  be,  at  a  mean,  2 
days,  20  hours,  49  minutes.  The  change  is 
thus— during  four  hours  it  gradually  dimi- 
nishes in  lustre;  during  the  succeeding  four 
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hours  it  recovers  its  first  magnitude  by  a  like 
gradual  increase ;  and  during  the  remaining 
part  of  the  period,  namely,  2  days,  12  hours, 
42  minutes,  it  invariably  preserves  its  greatest 
lustre ;  after  the  expiration  of  which  its  dimi- 
nution again  commences.  According  to  Mr. 
Pigot,  who  has  made  many  observations  on 
such  stars,  and  paid  particular  attention  to 
the  subject,  the  degree  of  brightness  of  this 
fitar  when  at  its  minimwin  is  variable  at 
tlillerent  periods ;  and  he  is  of  the  same  opi- 
nion in  regard  to  its  brightness  when  at  its 
full,  but  whether  these  differences  return 
regularly  or  not  has  not  been  determined. 
The  right  ascension  of  Algol,  or  3  Persei,  for 
'  786,  is  2^  54'  W ;  and  its  north  dechnation, 
40°  6'  58''.  It  is  situated  12°  east  of  Almaach, 
in  the  foot  of  Andromeda,  and  may  be  known 
by  means  of  three  stars  of  the  fourth  magni- 
tude lying  a  few  degrees  south-west  of  it, 
and  forming  a  small  triangle.  It  comes  to 
the  meridian  on  the  21st  December,  about 
nine  o'clock  in  the  evening ;  but  as  it  con- 
tinues above  the  horizon  at  least  twenty  hours 
out  of  the  twenty-four,  it  may  be  seen  every 
evening  from  August  to  May. 

Another  variable  star  is  to  be  found  in  the 
neck  of  the  Swan.  The  period  of  this  star 
has  been  settled  b)''  Maraldi  and  Cassini  at 
<'.0  J  d^.y: ,  but  from  a  mean  of  the  observa- 
tions of  Mr.  Pigot,  it  appears  to  be  only  392, 
or  at  most  396g  days.  The  particulars  re- 
lating to  it  are,— -1.  When  at  its  full  bright- 
ness, it  undergoes  no  perceptible  change  for  a 
fortnight.  2.  It  is  about  three  and  a  half 
'  .onths  in  increasing  from  the  eleventh  mag- 
I  itude  to  its  full  brightness,  and  the  same  in 
decreasing ;  for  which  reason  it  may  be  con- 
Bidered  as  invisible  during  six  months.  3.  It 
does  not  always  attain  the  same  degree  of 
lut,tre,  beirg  sometimes  of  the  5th  and  some- 
times of  the  seventh  magnitude.  The  right 
ascension  of  this  star  is  19''  42'  21";  and  its 
nv.rth  declination,  32°  22'  58".  It  is  situated 
in  the  neck,  and  nearly  equi-distant  from  Beta 
and  Gamma,  and  south  by  west  from  Deneb, 
at  the  distance  of  about  twelve  degrees,  and 
i '  marked  Chi. 

The  star  Eta  Antinoi  is  another  star  of 
J  his  description,  whose  variation  and  period 
were  discovered  by  Mr.  Pigot  in  1785.  From 
bis  corrected  observations,  he  concludes  that  it 
continues  at  its  greatest  brightness  forty  hours 
without  decreasing ;  it  is  sixty-six  hours  after 
it  begins  to  decrease  before  it  comes  to  its  full 
niiminution ;  after  which  it  continues  station- 
ary for  thirty  hours  more;  and  then  in- 
creases for  thirty-six  hours.  In  every  period 
it  seems  lo  acquire  i  f;  11  brightress,  ard  t' 
l>e  equally  decreased.  Its  ^,eriod  therefore  '  i 
seven  days,  four  hours ;  and  its  greatest  and 
,east  variation  i«  from  the  third  to  the  .'if  h 


magnitude.  Its  right  ascension  is  19^41' 
34'';  and  its  north  dechnation  0°  28'  14''. 
It  is  about  eight  degrees  south  from  Altair, 
the  principal  star  in  the  constellation  Aquiia, 

The  above  descriptions  may  suffice  as  speci- 
mens of  the  phenomena  of  variable  stars. 
There  are  about  seven  or  eight  other  stars 
which  have  been  observed  to  be  certainly  va- 
riable, among  which  are  the  following  '-—A 
star  in  the  Northern  Crown,  whose  right  as* 
cension  is  15*'  40'  11";  north  declination, 
28°  49'  30" ;  and  period,  10^  months.  A  star 
in  Hercules,  whose  right  ascension  is  17''  4' 
54" ;  north  declination,  14°  38' ;  and  period 
of  variation  60;^  days.  A  star  in  Sobeiski's 
Shield,  whose  right  ascension  is  18"  36'  38"; 
south  declination,  5°  56' ;  and  period  62  days. 
The  star  Beta  Lyrse — ^right  ascension,  18'i  42' 
11"  ;  north  declination,  33°  7'  46";  greatest 
and  least  variation,  3,  4,  5  ;  supposed  period, 
6  days,  9  hours.  The  star  Delta  Cephei^ 
whose  period  is  5  days,  8^  hours ;  right  as- 
cension, 22^  21';  and  north  declination,  57° 
60'.     With  several  others. 

Besides  these,  whose  variations  and  periods 
have  been  determined,  there  are  about  thirty- 
seven  other  stars,  which  are,  with  good  reason, 
suspected  to  be  variable,  but  whose  periods  of 
change  have  not  yet  been  ascertadned,  on  ac- 
count of  the  want  of  a  sufficient  number  of 
observers,  who  might  devote  their  attention 
more  particularly  to  this  department  of  astro- 
nomical observation.  For  example,  the  star 
Pollux,  or  Beta  Gemini,  is  suspected  to  change 
from  the  first  to  the  third  magnitude. 

When  contemplating  such  changes  among 
bodies  so  immensely  distant,  and  of  so  vast 
magnitude,  we  are  naturally  led  to  inquire 
into  the  causes  which  produce  those  pheno- 
mena. Our  ignorance,  however,  of  the  pre- 
cise nature  and  constitution  of  those  remote 
bodies,  and  of  the  scenes  and  circumstances 
in  which  they  may  be  placed,  prevent  us  from 
forming  any  definite  or  satisfactory  conclu- 
sions. The  following  are  some  of  the  opi- 
nions which  have  been  thrown  out  on  this 
subject.  It  has  been  supposed  that  portions 
of  the  surfaces  of  these  stars  are  covered  with 
large  black  spots,  which,  during  the  diurnal 
rotation  of  the  star,  present  themselves  under 
various  angles,  and  thus  produce  a  gradual 
variation  in  its  brilliancy.  Sir  W,  Ilerschel 
says  "  Such  a  motion  may  be  as  evidently 
proved  as  the  diurnal  motion  of  the  earth. 
Dark  spots,  or  large  portions  of  the  surface 
less  luminous  than  the  rest,  turned  alternately 
in  certain  directions,  either  towards  or  from 
us,  will  account  for  all  the  phenomena  of  pe« 
iic<3ical  changes  in  the  lustre  of  the  stars  so 
LiitiKfactjrily,  .hat  we  certainly  need  not  look 
for  any  otner  cause."  Sir  Isaac  Newton 
*hought  thit  the  Qi.dden  blaze  of  some  stars 
(576) 
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may  have  been  occasioned  by  "  the  lalHng  of  instances  may  operate  m  prodacin^-  the  effe^te. 
a  comet  into,  them,  by  which  means  they  lidoesnot  -ppear  to  me  probable  that  the 
would  be  enabled  t  cas*  p  prodigious  light  cause  which  produces  the  variation  in  the  case 
for  a  little  ti.  e,  aftet  which  they  would  gra-  of  Delta  Cephei,  whose  period  is  only  5  days, 
dually  return  to  their  former  state."  But  we  8^  hours,  is  the  same  whicn  produces  all  the 
knov  too  little  about  the  nature  of  comets  to  variety  of  change  which  happens  in  the  si,:;^? 
be  able  to  determine  what  effect  they  would  Gamma  in  the  Swan's  breast,  whose  periodi- 
produce  in  such  a  case,  nor  are  we  certain  cal  changes  are  completed  only  in  eighteen 
that  such  bodies  are  connected  with  other  sys-  years.  It  is  not  unlik3ly  that  a  rotation  round 
tems.  If  the  fixed  stars  be  nearly  of  the  same  an  axis,  which  has  the  effect  of  presenting 
nature  as  the  sun,  it  is  highly  improbable  that  different  sides  of  the  star  of  more  or  less  de- 
any  such  effect  would  be  produced  even  grees  of  obscurity  or  brightness  to  the  eye  of 
altho'igh  a  comet  were  to  fall  into  its  lumi-  a  spectator,  will  account  for  the  phenomena 
nous  atmosphere,  as  that  atmosphere  appears  of  such  stars  as  Eta  Antinoi  and  Delta  Ce- 
to  have  nothing  in  it  that  would  take  fire  by  phei  ,-  but  it  does  not  appear  probable  that  a 
the  rpproach  of  any  extraneous  body,  or  that  motion  of  rotation  is  so  slow  in  any  of  these 
would  "  blaze"  like  combustible  substances  on  bodies  as  to  occupy  a  period  of  eighteen  years, 
the  earth.  The  blaze,  if  such  an  effect  were  as  in  the  case  of  the  star  in  the  breast  of  the 
to  take  place,  would  scarcely  be  distinguisha-    Swan. 

ble  from  our  globe,  and  much  less  from  a  dis-  I  am  disposed  to  consider  it  as  highly  prO" 
tant  system.  Maupertuio,  in  a  "  Dissertation  bable  that  the  interposition  of  the  opaque 
on  the  Figures  of  the  Celes.ial  Bodies,"  is  of  bodies  of  large  planets  revolving  around 
opirion  tHat  some  stars,  by  th-^ir  prodigious  swcA  sifars  may,  in  some  cases,  account  for  the 
quick  ^otrtijn  on  their  axes,  may  not  only  phenomena.  It  is  true  that  the  planets  con- 
assume  the  figures  of  oblate  spheroids,  but  nected  with  the  solar  system  are  so  small  in 
that,  by  the  great  centrifugal  force  arising  from  comparison  of  the  sun  that  their  interposition 
such  rotatiouo,  th«3y  may  become  of  the  figures  between  that  orb  and  a  sj)ectator  at  an  im- 
of  millstones,  or  'e  reduced  to  flat  circular  mense  distance  would  produce  no  sensible 
piv  ncs,  so  thin  as  to  os  quite  invisible  when  effect.  But  we  have  no  reason  to  conclude 
their  edges  are  turned  towards  us,  as  Saturn's  that  in  all  other  systems  the  planets  are  form- 
ring  is  in  such  positions.  And  when  any  ed  in  the  same  proportion  to  their  central  orbs 
eccentric  planets  or  comets  go  round  any  fixed  as  ours ;  but,  fi'pm  the  variety  we  perceive  in 
star,  in  orbits  much  inclined  to  its  equator,  every  part  of  nature  both  in  heaven  and  earth, 
the  attraction  of  the  planets  or  comets  in  their  we  have  reason  to  conclude  that  every  system 
perihe'ions  must  alter  the  inclination  of  the    of  the  universe  is  in  some  respect  different 


axis  01  vhat  star ;  on  which  account  it  will, 
appear  more  or  less  large  and  luminous,  as  its 
broadside  is  turned  more  or  less  towards  us. 
This  opinion,  at  best,  I  consider  as  having  a 


from  another.  There  is  no  improbability  in 
admitting  that  the  planets  which  revolve 
round  some  of  the  stars  may  be  so  large  as  to 
bear  a  considerable  proportion  (perhaps  one- 


rery  small  degree  of  probabihty,  and  almost  half  or  one-third)  to  the  diameters  of  the  orbs 

juite  untenable.     Mr.  Dunn,  in  a  paper  in  around  which  they  revolve ;  in  which  case,  if 

vol.  52  of  the  "Philosophical  Transactions,"  the  plane  of  their  orbit  lie  nearly  in  the  line 

supposes  that  the  interposition  of  some  gross  of  our  vision,  they  would  in  certain  parts  of 

atmosphere  may  solve  the  phenomena  under  their  revolutions  interpose   between  our  eya 

consideration.      "The   appearance    of    new  and  the  stars,  so  as  to  hide  for  a  time  a  por~ 

stars,"  says  he,  "and  the  disappearance  of  ti  on  of  their  surfaces  from  our  view,  while  ij , 

others,  possibly  may  be  occasioned  by  the  in-  that  part  of  their  orbits  which  is  next  the  earth 

terposition  of  such  an  ethereal  medium  within  Such  a  supposition  is  by  no  means  inconsis- 

their  respective  orbs  as  either  admits  light  to  tent  with  the  operation  of  the  law  of  universal 

pass  freely  or  wholly   absorbs  it  at  certain  gravitation ;  for  although  such  planets  bore  a 

times,  whilst  light  is  constantly  pursuing  its  considerable  portion  of  the  size  of  their  cen- 

journey  through  the  vast  regions  of  space."  tral  luminaries,  yet  we  have  only  to  suppose 

Whatever  opinions  we  may  adopt  on  this  that  their  destiny  is  very  small.     They  may 

mbject,  it  is  evident  that  Me  regular  succes-  be  globes  whose  central  parts  are  devoid  of 

tio7i  of  the  variations  of  periodical  stars  pre-  soHd  matter,  consisting  only  of  a  solid  exter- 

clude  the  idea  of  their  being  destroyed.     It  is  nal  shell  for  the  support  of  inhabitants,  as  ig 

likewise  evident  that  motion  of  some  kind  or  probably  the   case  with  the  planet  Saturn^ 

other,  either  in  the  stars  themselves  or  in  whose  density  is  only  equal  to  that  of  cork. 

some  bodies  either  directly  or  remotely  con-  A  planet  about  the  size  we  have  now  sup- 

nected  with  them,  must  be  one  of  the  causes  posed   revolving  around   a    star  would,  in  a 

of  the  phenomena   in  question  ;  and  it  is  not  great  measure,   account  for  the  phenomena 

improbable  that  different  causes  in  different  presented  by  Algols     This  star  accomplishes 
(576) 
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the  period  of  its  variations  in  2  days  and  nearly  and  why  may  not  a  sun  revolve  around  a 
21  hours.  During  3^  o)"  4  hours  it  gradually  central  planet,  whose  surface  may  contain 
diminishes  in  lustre!,  and  during  the  succeed-  forty  times  the  area  of  all  the  planets  of  our 
ing  four  hours  it  gradually  recovers  its  first  system,  in  order  to  distribute  light  and  heat, 
magnitude,  Throughout  the  remaining  part  and  other  beneficial  influences,  to  its  numer- 
of  the  period — namely,  2  days,  12  hours,  42  ous  population  ]  No  violation  of  the  law  of 
minutes, — it  invariably  preserves  its  greatest  universal  gravitation  is  implied  in  such  a  nvp 
lustre  ;  so  that  t?ie  time  of  its  being  diminish-  position  ;  and  the  Almighty  is  not  confine-l  to 
ed  in  lustre  is  only  about  the  ninth  part  of  its  one  mode  of  arranging  systems  and  woildc. 
whole  period  of  variation.  Now  supposing  a  Supposing,  then,  such  an  arrangement  v  j 
planet  about  half  the  diameter  of  the  star  re-  exist,  it  might  account  for  the  phenomena  of 
volving  around   Algol,  it  would   intercept  a    some  of  the  variable  stars,  particularly  those 

which  remain  invisible  for  a  certain  period. 
Fig.  11.  Such  are  some  of  those  formerly  noticed,  aa 

the  star  in  Hydra,  and  that  in  the  breast  of  the 
Swan,  and  particularly  a  star  in  the  Northern 
Crown,  whose  right  ascen.  is  15'^  40',  north 
dccHn.  28°  49^^  and  period  10^  months,  and 
which  decreases   from  the  sixth  to  the  ninth 
and  tenth   magnitude.     It    attained  its   flill 
l)iightness  about  the  11th   of  August,  1795, 
and  continued  so  for  three  weeks  ;  in  3^  weeks 
it  decreased  to  the  tenth  magnitude,  and  a 
few  days  afterwards  disappeared.  After  being 
a  considerable  time  invisible,  in  April,  1796, 
it   again  appeared ;    on  the    7th  of  May,  it 
reached  the  ninth  magnitude,  and  then  gra- 
dually attained  its  fiill  brightness.     If,  then, 
large  portion  of  its  surface  when  it  passed  be-    such  a  star  was  revolving  round  a  very  large 
tween  our  eye  and  the  star,  as  at  a,  b,  (fig.    central  planet,  it  is  easy  to  conceive  that  in 
1 1,)  where  the  white  circular  ring  represents    the  more  distant  part  of  its  course  it  might  be 
the  suface  of  the  star  partly  covered  by  the    hid  from  our  view,  either  in  whole  or  in  part, 
planet.     Its  lustre  would  begin  to  diminish    ^J  the    interposition  of  the  opaque  central 
when  the  planet  entered  on  its  edge  at  d,  and    body,  as   is  obvious  from  an  inspection   of 
It  would  again  resume  its  full  brightness  when    figure  12.     And  as  the  star  now  alluded  to 
going  off  at  c,  the  dark  side  of  the  planet  be-    never ^  exceeds  in  lustre  a  star  of  the  sixth 
ing  of  course  turned  to  our  eye  ;  and  during    magnitude,  it  is  not  improbable  that  it  is  one 
the  remaining  part  of  its  revolution  it  would    of  the  inferior  order  of  those  luminous  orba 
appear  in  its  brightest  lustre.     The  regularity    which  may  revolve  round  an  opaque  body  of 
of  the  changes  of  this  star  admits  of  the  sup-    superior  magnitude, 
position  now  made,  and  evidently  requires  a 
regular  motion  of  some  kind  or  other,  either 
in  the  star  itself  or  in  some  body  connected 
with  it,  in  order  to  produce  the  phenomena. 
Perhaps,  in  the  case  of  some  of  the  variable 
stars,  we  might  suppose  several  large  planets 
in  succession  to  pass  between  our  eye  and  the 
star  to  account  for  the  appearance  they  pre- 
sent— a  supposition  which  perfectly   agrees 
with  the  idea  of  a  system  of  revolving  bodies. 
As  it  is  not  probable  that  the  changes  of  all 
such  stars  arise  from  the  same  cause,  what 
should  hinder  us  from   supposing  that  there 
are  stars  or  suns  that  revolve  around  planets 
of  a  size  immensely  greater, — the  planets, 
for  example,  bearing  a  similiar  proportion  to 
the  stars  as  the  sun  bears  to  Jupiter  ]     Con- 
eidering  the  immense  variety  of  celestial  me- 
chanism throughout  the  universe,  there  can 
be  no  great  improbability  in  such  a  supposi- 
tion.    The  case  of  double  stars  demonstrates    variable  stars,  although  other  causes  may  in 
that  one  sun  actually  revolves  round  another;    some  cases  exist  of  which  we  have  no/con- 
73  3C  (51T) 
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ccption.  These  plienomena  evidently  indicate 
that  motions  and  revolutions  of  various  kinds 
are  going  forv^ard  throughout  the  stellar  re- 
gions ;  that  the  Almighty  is  superintending 
•the  movements  of  those  provinces  of  his  eni" 
pi  re, and  that  all  his  agencies  have  a  respect 
to  the  order  and  the  happiness  of  intelligent 
existence. 

B esides  the  periodical  variation  s  to  wh ich 
we  have  now  adverted,  there  are  several  other 
stiiking  changes  which  have  heen  observed  in 
the  starry  regions  which  deserve  c>ar  attention, 
aiid  which  I  shall  briefly  notice. 

1.  Several  stars  which  w^ere  formerly  dis- 
tinctly visible,  and  are  marked  in  dilferent 
-catalogues,  are :  now  wholly  lost.  The  fol- 
lowing are  a  few  instances.  M.  Montanere, 
professor  of  mathematics  at  Bononia,  in  a 
letter- to  the  Royal  Society,  of  date^  April 
1670,  gives  the  following  statement:-— 
"There  are  now  wanting  in  the  heavens  two 
stars  of  the  second  magnitude,  in  the  stern  and 
yard  of  the  ship  Argo.  I  and  others  observed 
ihem  in  the  year  1 664,  upon  occasion  of  the 
rcoipet  that  appeared  that  year.  When  they 
disappeared  first  I  know  not ;  only  I  am  sure 
4hat,  in  the  year  1(^68,  upon  the  10th  of 
April,  there  was  not  tne  least  glimpse  of  them 
to  be  seeii,  and  yet  the  other  stars  about  them, 
-of  the  third  and  fourth  magnitudes,  remained 
the  same.  I  have  observed  many  more 
changes  among  the  fixed  stars,  even  to  the 
number  of  a  hundred,  though  none  of  them 
■are  so  great  as  those  I  have  showed."  In  1670, 
Anthohn  discovered  a  star  of  the  third  magni- 
tude in  tlie  head  of  the  Swan,  which  after  be- 
coming completely  invisible,  reappeared,  and 
after  undergoing  one  or  two  singular  flunctua- 
tions  of  light  during  two  years,  at  last  died 
away  entirely,  and  has  hot  since  been  seen. 
Sir.  William  Herschel  gives  a  list  of  thirteen 
stars,  most  of  which  are  supposed  to  be  lost. 
Of  these  are  the  foiiowing :— Nos.  80  and  81 
-of  Kercules,  both  of  the  fourth  magnitude  ; 
the  l9th  of  Perseus,  of  the  sixth  magnitude  ; 
and  the  108  Pisces,  are  judged  to  be  wholly 
lost.  The  stars  73,74  Cancer,  in  the  southern 
claw  of  the  Orab,  of  the  sixth  magnitude,  are 
either  lost  or  have  suffered  such  great  changes 
Ihat  they  can  no  longer  be  found.?  On  this 
subject  Sir  John  Herschel  states^—''  The  star 
42  Virgihis  is  inserted  in  the  catalogue  of  the 
AstronGmical  Society  from  Zach'^  Zodiacal 
Catalogue.  I-missed  it  on  the  9th  of  May, 
t828j  iSiid  have  since  repeatedly  had  its  place 
ill  the  field  of  view  of  niy  twenty  feet  reflector 
without  perceiving  it,  uhless  it  be  one  of  two 
43qual  stars  of  the  9th  magnitude  very  nearly 
an  the  place  it  rnust  have  occupied.'- 

2.  Soiii^  stars  have  changed  their  magni- 
tudes since  the  beginniiig  of  last  century.    A 
eonsiderable    number    of   stars    marked  by 
(57S 


riamstead,  in  his  Hist(ma  Ceksits,  are  novr 
found  to  be  of  different  magnitudes  since  tho 
period  in  which  he  observed  the  heavens  and 
formed  his  catalogue.  For  example  ;  the  1  st 
and  2d  of  Hydra  are  now  only  of  the  eighth 
or  ninth  magnitude  instead  of  the  fourth,  as 
they  are  marked  by  Flamstead.  The  31st 
and  34th  of  Draco  have  changed  greatly ; 
the  31st  has  increased  from  the  seventh  to 
the  fourth,  and  the  34th  has  diminished  from 
the  fourth  to  the  sixth  or  seventh  magniludc» 
The  38th  Perseus,  instead  of  the  sixth,  has 
now  increased  to  the  fourth  magnitude.  About 
thirty  stars  of  this  description  are  reckoned  by 
Sir  W.  Herschel  to  have  changed  their  mag- 
nitudes. 

3.  There  are  stars  unknown  to  the  ob- 
servers of  former  times  which  have  recently 
become  visible.  The  following,  among  others 
of  this  description,  have  been  marked  by  Sir 
W.  Herschel: — -L  A  star  in  the  end  of  the 
Lizard^s  tail,  of  the  fourth  or  fifth  magnitude, 
which  is  not  recorded  by  Flamstead,  although 
he  notices  one  in  that  constellation  less  con* 
spicuous.;  3.  A  star  near  the  head  of  Ce-» 
pheus.  3.  A  considerable  star  in  a  direction 
from  the  68th  to  the  61s^.  of  Gemini.  4.  A  star 
of  considerable  brightness  preceding  the  1st 
of  the  Little  Horse.  5,  A  remarkable  star 
between  )3  and  6  Hydraae,  6.  A  star  near  d 
Hercules,  of  the  fourth  or  fifth  magnitude^ 
with  several  others.  Similar  obseiTations  ap- 
pear to  have  been  made  about  the  end  of  the 
seventeenth  and  the  beginning  of  the  eigh- 
teenth centuries,  by  Cassini  and  others.  Cas« 
sini  discovered  a  new  star  of  the  fourth,  and 
two  of  the  fifth  magnitude  in  Cassiopeia ;  two 
in  the  constellation  Eridanus,  one  of  the  fourth^ 
the  other  of  the  fifth  magnitude ;  and  four  of 
the  fifth  and  sixth  magnitude  near  the  north 
pole,  which  had  not  been  perceived  at  a  for- 
mer period. 

Such  changes  in  bodies  so  far  removed  from 
our  system,  and  of  magnitudes  so  enormouis 
as  the  least  of  them  must  be,  naturally  \e^d. 
to  the  conclusion  that  revolutions  of  vasit 
extent,  and  operations  conducted  on  a  mosit 
magnificent  scale,  are  incessantly  gdmg  for- 
ward in  those  remote  and  unexplorable  re- 
gions. In  the  case  of  stars  which  have  totally 
disappeared,  we  are  led  to  conclude,  eithei 
that  some  vast  and  important  change  has 
taken  place  in  the  constitution  of  certain 
worlds  or  systems,  or  that  the  central  lumina- 
ries of  such  systems,  with  all  their  surround- 
ing planets,  have  been  transported  by  some 
unknown  and  almighty  agency  into  more  dis^ 
tant  regions  of  space,  where  they  may  remaiis 
for  ever  hid  from  our  view.  As  to  those  stars 
which  have  changed  their  magnitudes  within 
the  last  century,  they  may  either  be  approach- 
ing to  or  receding  from  the  system  to  which 
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we  belong,  or  their  native  brightness  may  be 
either  increasing  or  diminishing  from  causes 
with  which  we  are  unacquainted;  or  some 
ethereal  mediums  of  a  peculiar  nature  may 
be  interposed  between  our  sight  and  those 
distant  orbs.  With  respect  to  stars  unknown 
to  former  observers  which  have  recently  be- 
come visible,  it  is  not  unreasonable  to  suppose 
that  these  are  new  systems  recently  launched 
from  the  creating  hand  of  the  Omnipotent,  to 
diversify  his  creation  and  augment  the  glories 
of  his  empire,  as  well  as  to  distribute  happi- 
ness among  new  orders  of  sensitive  and  intel- 
ligent existence.  We  ought  not  to  imagine 
that  the  work  of  creation,  considered  as  a 
whole,  is  yet  finished,  or  ever  will  be  finished 
during  an  indefinite  lapse  of  ages.  When  it 
is  stated  by  the  inspired  writer  of  the  book  of 
Genesis  that  '*  God  rested  from  all  his  work," 
we  are  to  understand  the  expression  only  in 
reference  to  the  formation  or  arrangement  of 
the  world  in  which  we  reside  into  the  form 
and  order  in  which  we  now  behold  it ;  for  to 
this  arrangement  chiefly,  if  not  solely,  the  de- 
scriptions of  the  sacred  historian  in  the  first 
chapter  of  Genesis  refer.  It  is  in  perfect  ac- 
cordance with  the  idea  of  a  Being  possessed 
of  onniipotent  power,  boundless  goodness,  and 
endless  duration,  that  his  creating  energies 
should  never  cease  in  their  operation  through- 
out all  the  periods  of  an  interminable  exist- 
ence ;  and  the  phenomena  to  which  we  refer 
are  a  strong  presumption,  if  not  a  demonstra- 
tive evidence,  of  a  continued  series  of  crea- 
tions. These  new  creations  may  be  bursting 
forth  in  the  remote  spaces  of  the  universe,  in 
various  degrees  of  splendour  and  magnifi- 
cence, to  an  extent  of  which  we  have  no  con- 
ception;  and  from  the  character  and  perfec- 
tions of  the  Divinity,  we  have  reason  to 
believe  that  such  processes  will  be  incessantly 
going  forward  throughout  all  the  ages  of 
eternity. 

Whatever  opinions  we  may  be  disposed  to 
form  as  to  the  phenomena  to  which  we  have 
adverted,  they  tend  to  convey  to  the  reflect- 
ing mind  magnificent  views  of  the  physical 
energies  of  the  Almighty,  in  arranging  the 
different.departments  of  his  boundless  domi- 
nions, and  accomplishing  the  purposes  and 
plans  of  his  moral  government,  and  they 
naturally  excite  in  the  mind  a  desire  of  future 
existence,  and  an  ardent  wish  to  behold  the 
veil  which  now  intercepts  our  views  of  these 
glorious  orbs  withdrawn,  and  to  contemplate 
the  scene  of  divine  operation  in  all  its  splen- 
dour atid  magnificence. 

At  first  view,  it  may  appear  a  circumstance 
of  comparative  insignificance  to  behold  a 
wnall  star,  scarcely  distinguishable  to  the  eye, 
waxing  brighter,  or  growing  dimmer^  or  va- 


nishing altogether  from  the  v^ew ;  or  a  stai 
appearing  in  a  point  of  the  heavens  which 
was  unoccupied  before.  The  distant  blaze 
of  a  field  of  furze,  the  falling  of  a  tower,  or 
the  conflagration  of  a  cottage,  may  to  some 
appear  events  of  far  greater  interest  and  im- 
portance ,  tjut  such  events  in  the  heavens  as 
those  to  which  we  refer  maybe  connected 
with  scenes  as  astonishing — though  perhaps 
not  so  tremendous—as  if  the  sun  were  shorn 
of  his  rays  and  turned  into  darkness,  and  this 
earth  and  all  the  planetary  globes  shattered 
to  their  centres  and  wrapped  in  flames ;  or, 
as  if  a  new  sun  of  superior  magnitude  were 
to  appear  in  our  system,  and  to  illuminate 
our  gk^bes  with  a  new  species  of  light  and 
colours.  Objects  at  a  great  distance  from 
the  '  )bserver  make  little  impression  on  the 
organs  of  vision,  and  seldom  aflect  the  mind. 
A  fl'^et  of  the  largest  ships  of  war  viewed 
from  the  top  of  a  tower  at  fifty  miles  distance 
appears  only  like  a  few  almost  undistinguish- 
abj'r  specks  on  the  verge  of  the  horizon,  while 
th^  fate  of  individuals,  families,  communities, 
ard  even  empires,  may  depend  upon  the  en- 
f.  unter  in  which  they  may  be  engaged.  The 
M>nflagration  of  a  city  of  ten  hundred  thou- 
r^ands  of  inhabitants  may  appear  at  a  distance 
as  only  a  faint  glimpse  of  light  in  one  point 
of  the  horizon,  while  palaces,  and  temples, 
and  thousands  of  splendid  fabrics  are  turned 
into  smoking  ruins,  and  multitudes  are  thrown 
into  the  utmost  consternation,  and  perishing 
in  the  flames.  The  burning  of  the  city  oi 
Moscow,  as  beheld  fi'om  the  moon  when  the 
dark  side  of  the  earth  was  presented  to  that 
orb,  would  appear  only  like  a  dim  lucid  speck, 
scarcely  distinguishable  from  the  other  parts 
of  the  earth's  surface.  And  if  this  be  the  case 
in  respect  to  objects  within  such  limited  dis- 
tances, what  astonishing  scenes  may  be  the 
result  of  what  we  perceive  in  bodies  many 
thousands  of  millions  oi  miles  distant,  when 
we  behold  them  disappearing  to  our  view,  or 
even  when  we  perceive  their  light  only  in- 
creasing or  diminishing  ?  Here  imagination 
is  left  to  fill  up  the  picture  which  the  organs 
qi  vision  so  dimly  perceive.  We  are  to  con- 
sider that  the  orbs  to  which  we  allude  are 
luminous  globes  of  immense  size, — -that  they 
are  doubtless  encircled  with  a  retinue  of  world.*? 
replenished  with  inhabitants,^ — ^that  what  to 
us  appears  a  slight  change  of  aspect  may  to 
them  be  the  commencement  of  an  era  of  now 
glory  and  splendour,— -that  the  Almighty 
rules  oyer  those  distant  regions  as  well  as 
"  among  the  inhabitants  of  the  earth,"' — ^and 
that  all  the  changes  which  happen  among 
them  are  in  unison  with  his  eternal  designs, 
and  eubserve  the  ends  of  his  universal  go- 
vernment 
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CHAPTER  VIII. 

On  Double  Stars  and  Binary  Systemsc 


In  whatever  part  of  creation  we  survey  the 
operations  of  the  Almighty,  we  uniformly 
find  the  characteristic  of  variety  impressed 
upon  all  his  works.  This  is  evident  in  all 
the  kingdoms  of  nature  connected  with  our 
globe,  where  the  multitude  and  diversity  of 
animals,  vegetables,  and  minerals,  cannot  but 
strike  the  eye  even  of  the  most  superficial  ob- 
server. Though  the  same  general  laws  ap- 
pear to  pervade  the  material  universe,  so  far 
as  our  observation  extends,  yet  these  laws  are 
so  comprehensive  and  so  endlessly  modified 
as  to  produce  an  immense  variety  of  minute 
and  wonderful  effects.  It  is  more  difficult  to 
trace  the  operation  of  these  laws  in  the  re- 
mote spaces  of  the  universe  than  in  our  ter- 
restrial sphere.  But  even  in  regions  of  crea- 
tion immeasurably  distant  we  can  perceive 
the  agency  of  the  same  powers  which  are  at 
work  in  conducting  the  movements  of  our 
planetary  system ;  and  not  only  so,  but  we 
can  trace  these  powers,  while  operating  with 
their  native  energy,  wonderfully  modified,  and 
producing  effects  altogether  different  from 
those  which  we  experience  in  the  system  of 
which  we  form  a  part,  evidently  indicating 
that  a  variety,  analogous  to  that  which  we 
behold  in  the  scene  around  us,  marks  the 
operations  of  the  Creator  throughout  the 
immensit\^  of  his  works.  This  will  more  clearly 
appear  in  the  descriptions  we  shall  now 
give  of  the  phenomena  of  double  and  multiple 
stars. 

The  phenomena  of  double  stars  do  not 
seem  to  have  been  much  attended  to  till  Sir 
W.  Herschel  commenced  his  extensive  obser- 
vations on  the  sidereal  heavens.  About  a 
century  ago,  the  astronomers  of  that  period 
seem  to  have  been  aware  that  "  several  stars 
which  appear  single  to  the  bare  eye  are  by  the 
telescope  discovered  to  be  double."  The 
principal  stars  of  this  descriptitm  which  they 
mention  are, — ^the  head  of  Castor,  the  first  in 
the  head  of  thr  Ram,  the  star  Gamma  in  the 
breast  of  Virgo,  and  the  middle  one  in  the 
sword  of  Orion.  Conceiving  the  fixed  stars 
as  bodies  precisely  of  the  same  nature,  and 
that  no  specific  or  diversified  arrangements 
prevailed  among  them,  they  do  not  appear  to 
have  entered  upon  any  minute  surveys,  by 
the  telescope,  of  particular  stars;  and  their 
idea  respecting  the  double  stars  they  had  de- 
tected was  merely  this,' — that  a  small  star,  at 
(580) 


a  very  remote  distance  from  another,  migli 
happen  accidentally  to  lie  nearly  in  the  same 
line  of  vision  as  the  larger  one ;  and,  on  this 
ground,  Dr.  Long,  in  his  *'  Astronomy,"  shows 
how  the  annual  parallax  would  be  discovered 
by  a  star  appearing  single  at  one  time  of  the 
year,  and  double  at  another.  It  appears  to 
have  been  chiefly  with  an  object  of  this  kind 
in  view  that  Sir  William  Herschel  commenced 
his  numerous  observations  in  this  department 
of  sidereal  investigation.  But,  as  we  are  in- 
formed by  his  son,  who  has  distinguished 
himself  in  an  eminent  manner  by  similar  ob- 
servations, he  had  hardly  entered  on  the  mea- 
surements of  the  angles  of  position,  and  the 
distances  of  double  stars,  before  he  was  divert- 
ed from  the  original  object  of  his  inquiry  by 
phenomena  of  a  very  unexpected  character, 
which  at  once  engrossed  his  whole  attention. 
The  circumstances  alluded  to  shall  be  parti- 
cularly described  in  the  sequel,  after  I  have 
given  a  brief  sketch  of  the  phenomena  of 
double  stars.  ^ 

When  a  telescope  of  considerable  power 
is  directed  to  certain  stars  which  appear  sin- 
gle to  the  naked  eye,  another  star,  generally 
much  smaller  than  that  which  appears  to  the 
unassisted  eye,  is  seen  quite  adjacent  to  it, 
and  in  some  cases  the  interval  between  the 
two  stars  is  so  small  that  it  requires  a  very 
high  degree  of  light  and  magnifying  power  io 
be  able  to  perceive  that  they  are  two  distinct 
bodies.  Only  a  few,  perhaps  not  exceeding 
six  or  eight,  of  these  stars  were  known  to  the 
astronomers  of  the  age  preceding  that  of  Her- 
schel ;  but  this  illustrious  astronomer,  with 
unwearied  perseverance,  detected  no  less  than 
500  double  stars,  and  presented  to  the  Royal 
Society  a  list  in  which  their  situation  and  re- 
lative positions  are  distinctly  marked.  These 
observations  of  the  elder  Herschel  were  fol- 
lowed up  by  other  observers,  particularly  by 
Sir  J.  Herschel  and  Sir  James  South,  who, 
in  the  year  1824,  soon  after  Sir  W.  Herschel 
had  ceased  from  his  labours,  produced  a  cata- 
logue of  380  double  stars,  whose  distances 
and  angles  of  position  they  had  determined 
with  the  utmost  accuracy  and  precision.  Six 
J,  South  afterwards  produced  a  distinct  cata- 
logue of  480,  and  Sir  J.  Herschel  a  list  of  up- 
wards of  3300  of  double  and  triple  stars,  from 
his  own  solitary  observations,  accompanied 
with   all   the    micrometrical    measurements. 
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Rtriwe,  the  celebrated  astronomer  of  Dorpat, 
has  arranged  a  catalogue  of  no  less  than  3000 
double  stars ;  and  before  he  determined  the 
characteristics  of  each  of  these,  he  examined 
about  120,000  stars-— a  laborious  process, 
which  none  but  an  astronomical  observer  can 
duly  appreciate.  Mr.  Dunlop  has  formed  a 
catalogue  of  250  double  stars  in  the  southern 
hemisphere;  and  Sir  J.  Herschel,  during. his 
late  residence  at  the  Cape  of  Good  Hope,  has 
added  considerably  to  their  number ;  so  that 
we  may  now  reckon  about  6000  of  these  in- 
teresting objects  as  having  already  been  dis- 
covered, even  making  allowance  that  many 
of  these  objects  are  common  to  the  lists  of 
the  observers  now  specified. 

It  is  not  at  all  improbable  that  the  pheno- 
me]ia  of  some  of  the  double  stars  now  alluded 
to  may  arise  from  accidejital  proximity,  the 
one  star,  though  far  remote  and  unconnected 
with  the  other,  lying  nearly  in  the  same  visual 
line.  Thus,  the  star  a,  fig.  13,  might  appear 
nearly  in  contact  with  the  star  h,  placed  at  an 
immense  distance  beyond  it,  when  viewed 
nearly  in  the  same  straight  line  by  the  eye  at 
c,  so   as  to  produce   the   phenomena   of  a 

Fig.  13. 


double  star  at  d  b.  But,  reasoning  a  priori, 
it  appears  in  the  highest  degree  improbable 
tliat  such  coincidences  should  happen  in  the 
case  of  all,  or  even  of  the  greater  part  of  the 
double  stars  which  have  now  been  discovered ; 
and  therefore  Mr.  Michell,  so  early  as  the 
year  1783,  in  a  paper  inserted  in  the  "  Philo- 
sophical Transactions"  for  that  year,  states  it 
as  his  opinion  that  they  are  binary  systems 
intimately  connected.  "  The  very  great  num- 
ber of  stars,"  says  he,  "  that  have  been  disco- 
vered to  be  double,  treble,  &c.,  particularly  by 
Mr.  Herschel,  if  we  apply  the  doctrine  of 
chances,  as  I  have  done  in  my  '  Inquiry  into 
the  probable  Parallax  of  the  Fixed  Stars,' 
published  in  the  Philosophical  Transactions 
for  1767,  cannot  leave  a  doubt  with  any  one 
properly  acquainted  with  the  force  of  those 
arguments,  that  by  far  the  greatest  part,  if  not 
all  of  them,  are  systems  of  stars  so  near  each 
other  as  probably  to  be  liable  to  be  affected 
sensibly  by  their  mutual  gravitation ;  and  it 
is  therefore  not  unUkely  that  the  periods  of 
the  revolutions  of  some  of  these  about  their 
principals  may  some  time  or  other  be  disco- 
vered." 

The  prediction  here  announced  by  this  in- 


genious gentleman  has  now  been  fully  real- 
ized by  Sir  WiUiam  Herschel  and  othei 
astronomers,  and  is  no  longer  a  subject  of 
conjecture,  but  an  ascertained  fact.  This  is 
the  discovery  to  which  I  have  alluded  above, 
one  of  the  most  important  and  interesting 
discoveries  which  astronomy  has  unfolded 
during  the  present  age,  and  which  opens  to 
our  view  a  new  prospect  of  the  plans  and  ai.*- 
rangements  of  Infinite  Wisdom. 

Having  made  these  preliminary  remark «,  I 
shall  now  proceed  to  a  more  particular  detail 
of  the  facts  which  have  been  ascertained  i-e- 
specting  binary  systems. 

When  Sir  W.  Herschel  first  directed  his 
attention  to  this  subject,  in  order  if  possible 
to  determine  the  annual  parallax,  he  was  not 
a  little  surprised  that,  instead  of  finding,  as 
he  expected,  a  regular  annual  change  of  the 
two  stars,  by  ohq  alternately  shifting  its  posi- 
tion with  respect  to  the  other,  which  a  paral- 
lax would  have  produced,  he  observed  in  many 
instances  "^  a  regular  progressive  change,  in 
some  cases  bearing  chiefly  on  their  distance, 
in  others  on  their  position,  and  advancing 
steadily  in  one  direction,  so  as  clearly  to  in- 
dicate either  a  real  motion  of  the  stars  them- 
selves, or  a  general  rectilinear  motion  of  the 
sun  and  whole  solar  system,  producing  a  pa- 
rallax of  a  higher  order  than  would  arise  from 
the  earth's  orbital  motion."  In  an  elaborate 
paper  on  this  subject,  read  before  the  Royal 
Society,  June  9,  1803,  he  considers  specific- 
ally ail  the  motions  and  combinations  of  mo- 
tion that  can  possibly  be  supposed,  in  order 
to  account  for  the  phenomena,  particularly  of 
the  double  star  Castor,  and  satisfactorily  de- 
monstrates that  nothing  but  the  idea  of  the 
smaller  star  revolving  around  the  larger  in  a 
circular  or  elliptical  orbit  will  solve  the  phe- 
nomena in  question ;  and  this  conclusion  has 
been  amply  confirmed  by  all  succeeding  ob- 
servations. Such  stars  therefore  must  be  con- 
sidered as  physically  connected  by  the  law 
of  mutual  gravitation,  so  that  they  describe 
orbits  around  each  other  and  around  their 
common  centre  of  gravity,  and  bear  a  relation 
to  each  other  similar  to  tiiat  which  the  planets 
bear  to  our  sun. 

From  the  paper  of  Sir  W.  Herschel  now 
referred  to,  I  shall  select,  as  a  specimen  of  the 
motions  of  double  stars,  some  of  his  observa- 
tions of  Castor,  or  a  Geminorum.  It  aj>« 
pears  that  Dr.  Bradley  in  the  year  1759  had 
observed  the  position  of  the  two  stars  which 
form  this  double  star,  and  communicated  it  to 
Dr.  Maskelyne,  who  made  a  memorandum  of 
it,  of  which  the  following  is  a  copy  : — "  Doul'le 
star  Castor.  No  change  of  position  of  the 
two  stars ;  the  line  joining  them  at  all  times 
of  the  jedi:r,  parallel  to  the  line  joining  Castor 
and  Pollux  in  the  heavens,  seen  by  the  naked 
3c2  (581^ 
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eye."  The  object  of  Dr.  Bradley  in  observ- 
ing the  exact  position  of  these  stars  was,  to 
determine  if  aiiy  change  happened  in  their 
position  at  opposite  periods  of  the  year,  so  as 
to  indicate  an  annual  parallax.  The  angles 
of  position  observed  by  Sir  W.  Herschel  are 
as  follow : 


Times  of 

Angles  of 

the  ohaervalions. 

Position 

November  1,  1759  .     . 

.     .     56^ 

32' 

Novembers,  1779     .     . 

.     .  35 

29 

February  23,  1791  .     . 

.     .     23 

36 

December  15,  1795    .     . 

.    .  18 

32 

March  26,  1800  .     .     . 

.     ,     14 

3 

December  31,  1801     .     . 

.    .  12 

12 

February  28,  1802  .     . 

.     .     12 

1 

March  27,  1803    .     .     . 

.     .  10 

53 

From  these  observations  it  appears  that 
from  the  year  1759,  when  Dr.  Bradley  ob- 
served the  positions  of  the  two  stars,  to  the 
year  1803,  there  has  been  a  portion  of  an  orbit 
described  by  the  smaller  star  around  the 
greater  equal  to  forty-five  degrees  and  thirty- 
nine  minutes ;  and  from  the  time  that  Her- 
schel commenced  his  observations  in  1779  till 
1803,  an  arch  of  twenty-four  degrees  and 
thirty-six  minutes  had  been  passed  over. 
Hence  Sir  W.  Plerschel  concludes — "The 
time  of  a  periodical  revolution  may  now  be 
calculated  from  the  arch  45*^  39',  which  has 
been  described  in  43  years  and  142  days.  The 
regularity  of  the  motion  gives  us  great  reason 
to  conclude  that  the  orbit  in  which  the  small 
star  moves  about  Castor,  or  rather  the  orbits 
in  which  they  both  move  round  their  common 
centre  of  gravity,  are  nearly  circular  and  at 
right  angles  to  the  line  in  which  we  see  them. 
If  this  should  be  nearly  true,  it  follows  that 
the  time  of  a  whole  apparent  revolutio7i  of 
the  small  star  round  Castor  will  be  about 
34:2  1/ears  and  two  months.^*  This  subject 
may  be  illustrated  to  the  general  reader  by 
the  following  diagram : 

Fig.  14. 


Let  the  small  central  circle  C  represent  this 
larger  star  Castor,  and  D  the  smaller  star,  anci 
let  the  line  E  F  represent  the  direction  of  the 
two  stars  in  a  line  with  the  star  Pollux,  at£, 
as  observed  by  Dr.  Bradley  in  1759.  In 
November,  1779,  they  were  found  in  the 
position  C  //,  twenty-one  degrees  from  the 
position  they  occupied  twenty  years  before 
in  February,  1791,  they  were  thirty- three  de- 
grees from  the  same  position,  <&c. ;  and  in 
March,  1803,  forty -six  and  a  half  degrees; 
giving  evident  indication  of  a  regular  progres- 
sive motion  in  a  circle.  Since  1803  its  mo- 
tion has  been  regularly  traced  by  Struve,  Sii 
J.  Herschel,  and  Sir.  J.  South  ;  and  in  1816 
it  was  found  about  57°  degrees  from  its  first 
position,  and  in  1830  about  68°,  still  regu- 
larly progressing.  In  1819,  the  distance  of 
the  small  star  from  Castor  was  five  seconds 
and  a  half,  and  in  1830  it  was  little  more 
than  four  seconds  and  a  half.  Although  Six 
W.  Herschel,  as  above  stated,  conjectured  the 
period  of  revolution  to  be  about  342  years, 
yet  later  astronomers,  from  a  comparison  of 
all  the  observations  recently  rnade,  are  dis^ 
posed  to  conclude  that  its  period  is  little  mori 
than  250  years. 

More  than  fifty  instances  of  changes  in  thg 
angles  of  position  of  double  stars  were  ob 
served  by  Sir  W.  Herschel,  besides  those 
which  have  been  more  recently  observed  by 
his  son  and  other  astronomers,  most  of  which 
indicate  motions  which  are  regularly  progres-' 
sive  ;  but  a  considerable  number  of  years  must 
elapse  before  their  periods  can  be  determined 
with  any  degree  of  accuracy.  The  following 
double  stars  are  considered  as  demonstrative 
instances  of  circular  progressive  motion  : — - 
y  Virginis,  |  UrsEe  Majoris,  70  Ophiuchi,  a  and 
9^  Coronae,  |  Bootis,  -^  Cassiopeise,  y  Leonis, 
j  Herculis,  §  Cygni,  ^  Bootis,  s  4  and  s  5  Lyras 
A,  Ophiuchi,  jbL  Draconis,  £.  Bootis,  and  J 
Aquarii.  The  periodic  times  of  some  of  these 
have  been  determined  to  a  near  approxima- 
tion.  One  of  the  stars  of  Gamma  Virginis 
is  reckoned  to  revolve  about  the  other  in  the 
space  of  629  years;  the  small  star  of  Gamma 
Leonis,  in  1200  years ;  the  star  connected 
with  Epsilon  Bootis,  in  1600  years  ;  that  of  61 
Cygni,  in  452  years  ;  that  of  Sigma  CorontBj 
in  287  years ;  that  of  70  Ophiuchi,  as  ascer- 
tained by  Professor  Encke,  in  80  years ;  thai 
of  Xi  Ursae,  in  58  years  ;  that  of  Zeta  Ctincri, 
in  55  years ;  and  that  of  Eta  Coronse,  in  43 
years. 

A  whole  revolution  of  some  of  these  star^ 
has  been  nearly  completed  since  observations 
began  to  be  made  on  such  objects.  The  mo- 
tion of  the  small  star  of  Xi  Ursae  began  to  b€ 
traced  about  the  year  1781  ;  in  1819,  it  had 
moved  219°  from  its  position  in  1781  ;  ii* 
1830,  it  was  303  from  that  position,  progres®» 
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ing  in  a  ciicXe ;  and  about  this  time,  or  the 
beginning  of  1840,  it  has  probably  finished 
ts  orbital  revolution.  The  star  Eta  Coronae, 
whose  period  is  forty -three  years,  has  not  only 
accomplished  a  complete  revolution,  but  is  ac- 
tually codsiderably  advanced  in  its  second 
period.  Sir  J.  Herschal,  during  his  late  so- 
journ at  the  Cape  of  Good  Hope,  is  said  to 
have  discovered  in  the  southern  skies,  binary 
stars,  whose  periods  of  revolution  are  even 
shorter  than  those  now  stated,  their  change 
of  position  having  been  quite  perceptible  dur- 
ing the  three  or  four  years  of  his  residence  in 
that  quarter.  Sir  W.  Herschel,  in  the  paper 
to  which  I  have  already  referred,  states  obser- 
vations which  furnish  us  with  a  phenomenon 
which  is  new  in  astronomy — namely,  the  oc- 
cultation  of  one  star  by  another.  With  a 
power  of  460,  in  July,  1782,  the  stars  of  Zeta 
Herculis  were  then  half  the  diameter  of  the 
email  star  asunder ;  in  1795,  he  found  it  difli- 
cuit  to  perceive  the  small  star  with  the  same 
power  ;  in  1802,  the  small  star  could  no 
longer  be  perceived,  but  the  apparent  disc  of 
the  large  star  seemed  to  be  a  little  lengthened 
one  way.  With  his  ten  feet  telescope,  and  a 
power  of  600,  he  found  it  to  have  the  appear- 
ance of  a  wedge-formed  star.  On  the  1 1th 
o^  April,  1803,  he  examined  the  apparent 
disc  with  a  power  of  2140,  and  found  it,  as 
before,  a  little  distorted,  but  there  could  not 
be  more  than  about  three-fourths  of  the  ap- 
parent diameter  of  the  small  star  wanting  to 
a  complete  occultation.  "Most  probably," 
he  observes,  "  the  path  of  the  motion  is  not 
quite  central ;  if  so,  the  disc  will  remain  a 
little  distorted  during  the  whole  time  of  the 
conjunction."  This  phenomenon  evidently 
demonstrates  the  fact  of  circular  orbital  mo- 
tion, pcrfbrmed  in  a  plane  nearly  parallel  to 
our  line  of  vision. 

The  star  Gamma  Virginis  has  presented 
phenomena  nearly  similar  to  that  of  Zeta 
Herculis.  This  star  is  remarkable  both  for 
the  length  of  its  period,  the  rapid  increase  of' 
the  angular  motion  of  the  two  stars  of  which 
it  is  composed,  and  particularly  Y/fe  great 
diminution  of  their  apparent  distance.  It 
has  been  known  as  a  double  star  for  at  least 
120  years.  The  two  stars  of  which  it  is  com- 
posed, and  which  are  nearly  equal,  were  so 
far  apart  about  the  middle  of  the  last  century 
that  they  were  marked  in  Mayer's  catalogue 
as  two  disthict  stars,  so  that  any  moderately 
good  telescope  would  have  shown  their  sepa- 
ration, being  at  that  period  about  seven  se- 
conds distant  from  each  other.  Since  that  time 
Oiey  have  been  constantly  approaching,  and  in 
1833  were  scarcely  more  than  a  single  second 
asunder ;  so  that  a  common  telescope  was 
insuitiicient  to  show  their  separation,  and  even 
telescopes  of  very  superior  power  could  show 


them  no  otherwise  than  as  a  single  star  somt^- 
what  elongated.  According  to  Sir  J.  Her- 
schei's  computations,  the  Gmall  star  nmst  have 
arrived  at  its  perihelion  on  the  18th  of  Augustj. 
1834.  He  also  determined  the  inclination 
of  the  orbit  to  the  visual  ray  to  be  22^  58''^ 
and  the  angle  of  position  of  the  peiihelion 
projected  on  the  heavens,  36-^  24^  The  small 
star  of  jSifa  CoronsB  reached  its  perihehon  in 
1835;  and  it  is  calculated  that  the  ^evolving 
star  of  Castor  will  reach  the  same  point  dur 
ing  the  year  1855. 

From  the  observations  that  have  been  mad© 
on  binary  stars,  it'  now  appears  demonstrable; 
that  the  law  of  gravitation  extends  its  in- 
fluence to  the  starry  regions ;  that  the  same 
laws  of  motion  which  direct  the  planets  in 
their  courses,  and  connect  them  with  the  sun 
as  their  centre,  likewise  operate  in  these  bi 
nary  systems  in  carrying  one  star  around  the 
centre  of  gravity  of  another.  It  has  often 
been  surmised  that  gravitation  is  a  power 
which  is  universal  in  its  influence  ;  and  here 
we  have  a  proof  that  it  extends  not  only  be- 
yond the  range  of  the  planetary  system  and 
the  orbits  of  the  most  eccentric  comets,  not 
only  to  stars  reckoned  the  nearest  to  our 
globe,  but  to  those  of  the  third,  fourth,  and 
even  tenth  magnitudes,  which  may  be  sup- 
posed many  hundreds  of  billions  of  miles,  fur- 
ther, distant  ;  thus  rendering  it  highly  proba- 
ble that  it  is  a  fundamental  law  of  matter,  and 
extends  its  energies  throughout  the  amplitudes 
of  creation,  combining  in  one  vast  system  all 
the  operations  of  the  Eternal. 

The  orbits  in  which  the  one  star  moves 
around  the  other  are  found  to  ha  elliptical^ 
which  is  the  same  kind  of  curve  in  which  the 
earth  and  the  other  planets  move  round  the 
sun,  in  which  the  satellites  of  Jupiter,  Saturn, 
and  Uranus  perform  then  revolutions  round 
their  respective  primaries — another  proof  that- 
the  same  general  law  operates  in  both  cases. 
Some  of  these  orbital  motions  are  retrograde 
and  others  are  direct,  or  in  the  same  direction^ 
as  the  motions  of  the  planets  of  our  system;^ 
In  some  cases  it  happens  that  the  edge  of  the 
orbit  of  the  revolving  star  is  presented  to  the 
earth,  or  in  a  line  nearly  par aillel  toitltatG^ 
our  vision,  as  is  found  in  the- star  TtTpeipen- 
tarii;  in  which  case  the  star  appears  tovSiovo 
in  a  straight  line,  and  to  oscillate  on  feach 
side  of  the  larger  star  around  which  it  revolves, 
in  a  manner  similiar  to  that  of  the  satellitej? 
of  Jupiter,  which  appear  to  pass  from^  the 
one  side  to  the  other  J  Uie  planet  in;  nearly 
straight  lines,  because  tncplane  of  their;  (xrbits 
is  nearly  in  a  hue  with  our  eye.  ;A^^ 
when  Sir  W.  Herschel  first  obsei^d :  llril  bi 
nary  system,  the  two  stars  were  distinctly- 
separate,  but  at  present  the  small  star  is  so 
completely  projected  on  the  other  thai  even 
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Striive,  with  his  powerful  telescope,  cannot 
now  perceive  the  least  separation  between  the 
two  bodies — a  fact  which  evidently  demon- 
strates that  to  our  eye  the  one  passing  across 
the  disc  of  the  other,  and  that  a  number  of 
years  hence  it  will  appear  on  the  other  side 
of  the  larger  star.  On  the  other  hand,  the 
two  stars  of  Zeta  Orionis  are  now  separated 
by  a  small  interval,  although  they  appeared  as 
one  star  in  the  time  of  Sir  W,  Herschel ;  all 
which  phenomena  demonstrate  a  motion  in 
a  circular  or  elliptical  orbit,  the  plane  of  which 
\\e^- oblique  to  our  eye ;  and  it  has  been  calcu- 
lated, from  the  apparent  motions  of  these 
bodies,  that  the  ellipses  in  which  they  move 
are  in  general  more  elongated  than  the  orbits 
of  the  solar  planets.  On  the  whole,  to  use  the 
words  of  Sir  John  Herschel,  "  we  have  the 
same  evidence  of  their  rotations  about  each 
other  that  we  have  of  those  of  Uranus  and 
Saturn  about  the  sun  ;  and  the  correspondence 
between  their  calculated  and  observed  places 
in  such  very  elongated  ellipses  must  be  ad- 
mitted to  carry  with  it  proof  of  the  prevalence 
of  the  Newtonian  law  of  gravity  in  their  sys- 
tems, of  the  very  same  nature  and  cogency  as 
that  of  the  calculated  and  observed  places  of 
comets  round  the  central  body  of  our  own." 

Having  stated  the  above  general  facts  re- 
specting binary  stars,  I  shall  now  present 
lo  the  reader  a  few  telescopic  views  of  these 
objects. 

Fig.  1 5  represents  a  telescopic  view  of  Ep- 
silon  Bootis,  with  a  magnifying  power  of 
about  200  times.  This  is  reckoned  a  very 
beautiful  double  star  on  account  of  the  diffe- 
rent colours  of  the  stars  of  which  it  is  com- 
posed, and  has  an  appearance  somewhat  simi- 
lar to  a  planet  and  its  satellite,  both  shining 
with  innate  but  differently  coloured  light. 
The  small  star  is  of  a  bluish  colour,  and  is 
separated  from  the  other  by  a  space  equal  to 
the  diameter  of  the  larger  star,  and  its  appa- 
rent size  is  one-third  of  the  other.  It  is  some- 
times called  Mirac,  and  it  is  situated  about 
ten  degrees  north-east  of  Arcturus.  The 
large  stnr  has  a  '^^p.ddisk  tinge. 
Fig.  ^^iW^P^^^  f'ig"'  16  i^  ct  Hercu- 
15  B^ftS^^^^  ^i"^«  ^he  small  star  is 
of  a  bluish  colour,  sep- 
arate from  the  other 
two  diameters  of  the 
large  star ;  the  blue 
star  is  one-third  the 
size  of  the  other.  It  is 
situated  in  the  head  of 
Hercules,  about  thirty 

■?»»?>  :H»«"i?sf&i««Essi«3  tlegrees  south-west  from 
*-f  ^^^^^m^^^M  the  bright  star  a  Lyrse, 
and  six  degrees  north- 
west from  Ras  Alhogue,  a  star  of  nearly  the 
isame  magnitude.     It  comes  to  the  meridian 
(584) 


about  the  middle  of  July,  at  nine  o'clock  19. 
the  evening,  at  an  elevation  of  about  fifty-two 
degrees.  This  star  is  also  distinguislied  by 
the  name  Ran  Algethi,  and  may  be  seen 
marked  in  Plate  II.,  which  contains  a  map 
of  stars  which  are  seen  near  the  inoiidiaii 
about  the  beginning  of  September. 

Fig.  17  is  a  view  of  y  Andromedse:  the 
small  star  is  of  a  fine  greenish-blue  colour, 
separate  from  the  large  star  about  nine  seconds, 
or  four  diameters  of  that  star ;  the  larger  star 
is  of  a  reddish  white.  It  is  situated  in  the 
left  foot  of  Andromeda,  and  is  distinguished 
by  the  name  Almaack.  It  is  a  star  of  the 
second  magnitude,  about  forty-two  degrees  of 
north  declination,  and  passes  the  meridian,  in 
the  beginning  of  December,  about  half-past 
ten  in  the  evening,  about  ten  degrees  south 
from  the  zenith.  It  is  about  twelve  degrees 
nearly  due  west  from  the  variable  star  Algol. 

Fig.  ^^^^^g^ '.?!     .  ^^8"-  ^  ®  ^^  ^'^^^  ^y ?' 

18  ^E^^^^P*^!'  ^^  •'  ^^^^  smaller  star  is 
blue,  and  they  are  sepa- 
rated about  ten  diame- 
ters. This  star  is  sit- 
uated in  the  eastern 
wing  of  the    Swan — • 

19  1^^^^^^^^^  right  ascension,  21^ 
4',    north    declination, 

twenty-eight  degrees,  and  is  about  twenty 
degrees  south-east  of  Denib,  the  principal 
star  of  this  constellation. 

Fig.  19  represents  Zeta  Aquarii.  The 
two  stars  are  nearly  equal  in  apparent  magni- 
tude, and  one  diameter  and  a  half  separate 
from  each  other ;  both  stars  are  of  a  whitish 
colour.  It  is  in  the  middle  of  three  other 
stars,  which  together  form  a  figure  resembling 
the  letter  Y.  Its  right  ascension  is  22"  20', 
and  its  south  declination  about  two  degrees. 
It  is  a  star  of  about  the  third  magnitude,  and 
comes  to  the  meridian  at  nine  o'clock  in  the 
evening  about  the  middle  of  October. 

Fig  20  represents  the  Pole-star.  The  ac- 
companying star  is  a  very  faint  point,  and  re- 
quires an  accurate  telescope  with  considerable 
power  to  distinguish  it.  The  large  star  is 
white,  and  the  small  star  somewhat  of  a  rud- 
dy appearance,  and  is  distant  from  the  laiger 
seventeen  seconds,  or  about  three  or  four  of 
its  diameters. 

Fig.  21  is  the  dou- 
ble star  Casto7\  The 
smaller  star  is  nearly 
half  the  size  of  the 
larger,  and  they  are 
distant  about  five  sec- 
onds, or  two  diameters 
of  the  principal  star. 
They  are  both  of  q 
whitish  colour.  Then 
situation  may  be  fou.id 
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oil  Plate  I.  Castor  and  Pollux  lie  to  the 
noith-west  of  Orion,  at  a  considerable  dis- 
tance from  it.  They  are  very  conspicuous, 
are  within  five  degrees  of  each  other,  and 
rise  to  a  very  high  elevation  when  passing  the 
meridian,  and  may  be  seen  throughout  the 
whole  winter  and  spring  months.  Castor  is 
the  more  elevated  of  the  two. 

Fig.  22  represents  Rigel,  a  splendid  star 
in  the  left  foot  of  Orion.  The  small  star  is  a 
mere  point,  and  very  difficult  to  be  distin- 
guished, and  is  three  or  four  diameters  of  the 
large  star  from  it.  The  large  star  is  white, 
the  small  one  of  a  reddish  hue. 
Fig.  C^^M^MM  O        Fig.     33 

23  ^^^P^^^^^^^^  «  shows  the 
o  double  star 
•  Castor,  with 
a  magnifying 
power  of  300. 
It  likewise 
shows  the  an- 
gular position 
of  the  small 
5^  star  at  the 
^  present  time 
^  in  respect  to 
Pollux,  (fig  24,)  by  which  it  appears  that  it 
is  rearly  at  a  right  angle  to  a  line  joining 
Castor  and  Pollux,  whereas  in  the  time  of 
Dr.  Bradley  it  was  j9ara//e/ with  a  line  joining 
these  two  stars. 

Fig.  25,  26, 
27,  and  28, 
exhibit  views 
of  the  double 
■^  star  Epsilon 
o  Bootis,  with 
§•.  four  magni- 
tymg  powers. 
Fig.  25  is  its 
appearance 
with  a  power 
of  227;  fig.  26,  with  a  power  of  460;  fig. 
27,  with  a  power  of  900 ;  and  fig.  28,  with  a 
power  of  1100. 

Fig.  29,  30, 
and  31,  repre- 
sent telescopic 
views  of  the 
^  triple  star  in 
the  left  fore- 
foot of  the 
constellation 
Monoce7VS,  or 
the  Unicorn, 
which  forms  a 
very  beautiful 
object  in  this  class  oi  stars.  This  star  ap- 
peared at  first  double,  but  with  some  atten- 
tion, one  of  the  two  is  discovered  to  be  also 
double ;  the  first  of  them  is  the  largest.  The 
74 


colour  of  these  stars  is  white.  With  a  small 
power  they  appear  as  in  fig.  29  :  with  a  power 
of  220,  as  in  fig.  30;  and  with  a  power  of 
450,  as  in  fig.  31.  There  is  a  beautiful  object 
of  this  description,  but  somewhat  different  in 
the  configuration  of  the  three  stars  of  which 
it  is  composed,  to  be  seen  in  the  tail  of  the 
Great  Bear ;  it  is  the  star  Zeia  Ursae,  called 
also  Mizar,  and  is  the  middle  star  in  the  tail. 
Such  are  a  few  specimens  of  the  telescopic 
appearances  of  this  class  of  celestial  objects. 
Some  of  these  objects,  in  order  to  be  distinct- 
ly seen,  require  telescopes  of  considerable 
magnifying  power.  All  the  objects,  however, 
referred  to  above  may  be  seen  with  a  good 
three  feet  and  a  half  achromatic  telescope, 
whose  object  glass  is  two  inches  and  three 
quarters  aperture.  The  double  star  Castor 
may  be  seen  with  powers  of  80,  140,  and  180. 
I  have  frequently  distinguished  the  separation 
of  the  two  stars  with  a  terrestrial  power  of  only 
45  ;  but  the  higher  powers  of  course  are  much 
preferable.  In  order  to  perceive  the  very  small 
star  or  point  of  light  adjacent  to  the  pole-star, 
a  power  of  140  at  least  is  requisite  with  such 
a  telescope  ;  but  it  is  more  distinctly  seen  with 
a  power  of  190  or  200.  It  is  considered  as 
a  fair  test  of  the  goodness  of  a  telescope  of 
this  description  when  this  minute  object  is  per- 
ceptible with  such  powers.  The  small  star 
connected  with  Epsilon  Bootis  is  likewise  an 
object  which  requires  a  considerable  degree 
of  magnifying  power  and  distinctness  to  per- 
ceive the  separation  of  the  two  stars ;  and  it 
is  more  difficult  to  perceive  the  small  star  ad- 
jacent to  Rigel  than  any  of  these  objects 


In  the  phenomena  I  have  now  described, 
we  have  a  new  and  interesting  scene  pre- 
sented before  Ua,  which  leads  the  mind  into 
a  train  of  thought  very  different  from  what 
could  have  been  cont^eived  by  astronomers  of 
a  former  age.  To  some  minds,  not  accustomed 
to  deep  reflection,  it  may  appear  a  very  trivial 
fact  to  behold  a  small  and  scarcely  distinguish- 
able point  of  light  immediately  adjacent  to  a 
larger  star,  and  to  be  informed  that  this  lucid 
point  revolves  around  its  larger  attendant; 
but  this  phenomenon,  minute  and  trivial  as  it 
may  at  first  sight  appear,  proclaims  tlie  as- 
tonishing fact,  that  sujvs  revolve   ahound 

SUNS,  AN-I)    SYSTEMS   AROUND   SYSTEMS.    Tllis 

is  a  comparatively  new  idea,  derived  from  our 
late  sidereal  investigations,  and  forms  one  of 
the  most  sublime  conceptions  which  the  mo- 
dern discoveries  of  astronomy  have  imparted. 
It  undoubtedly  conveys  a  very  subhme  idea, 
to  contemplate  such  a  globe  as  the  planet  Ja» 
piter — 'a  body  thirteen  hundred  times  larger 
than  the  earth — revolving  around  the  sun,  at 
(585) 
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the  rale  of  twenty-nine  thousand  miles  eveiy 
hour;  and  the  planet  Saturn,  with  its  rings 
and  moons  revolving  in  a  similar  manner  round 
this  central  orh  in  an  orbit  of  five  thousand, 
six  hundred  and  ninety  millions  of  miles  in 
circumference.  But  how  much  more  august 
and  overpowering  the  conception  of  a  sun 
revolving  around  another  sun— of  a  sun  en- 
cir«.tled  with  a  retinue  of  huge  planetary  bodies, 
all  in  rapid  motion,  revolving  round  a  distant 
sun,  over  a  circumference  a  hundred  times  larger 
than  what  has  been  now  stated,  and  with  a 
velocity  perhaps  a  hundred  times  greater  than 
that  of  either  J  upiter  or  Saturn,  and  carrying 
all  its  planets,  satellites,  comets,  or  other 
globes  along  with  it  in  its  swift  career !  Such 
a  sun,  too,  may  as  far  exceed  these  planets  in 
size  as  our  sun  transcends  in  magnitude  either 
this  earth  or  the  planet  Venus,  the  bulk  of 
any  one  of  which  scarcely  amounts  to  the 
thirteen-hundred-thousantlth  part  of  the  solar 
orb  v/hich  enlightens  our  day.  The  further 
we  advance  in  our  explorations  of  the  distant 
regions  of  space,  and  the  more  minute  and 
specific  our  investigations  are,  the  more  august 
and  astonishing  are  the  scenes  which  open  to 
our  view,  and  the  more  elevated  do  our  concep- 
tions become  of  the  grandeur  of  that  Almighty 
Being  who  "  marshalled  all  the  starry  hosts," 
and  of  the  multiplicity  and  variety  of  arrange- 
ments he  has  introduced  into  his  vast  crea- 
tion. And  this  consideration  ought  to  serve 
as  ail  argument  to  every  rational  being,  both 
hi  a  scientific  and  a  religious  point  of  view, 
to  stinmlate  him  to  a  study  of  the  operations 
of  the  Most  High,  who  is  "  wonderfijl  in 
counsel  and  excellent  in  working,"  and  whose 
works  in  every  part  of  his  dominions  adum- 
brate the  glory  of  his  perfections,  and  proclaim 
the  depths  of  his  wisdom  and  the  greatness  of 
his  power. 

In  order  to  form  a  comprehensive  concep- 
tion and  a  proper  estimate  of  such  binary 
systems,  we  have  to  consider,  in  the  first  place, 
the  distances  of  the  stars  or  suns  from  each 
other.  These  distances,  in  the  mean  time, 
cannot  be  accurately  ascertained  till  something 
more  definite  be  determined  respecting  the 
parallaxes  of  these  bodies.  Some  have  sup- 
posed that  the  distance  between  some  of  these 
binary  stars  may  l)e  as  great  as  the  distance 
between  the  earth  and  any  of  these  stars. 
But  such  a  supposition  is  highly  improbable, 
if  we  admit,  what  is  now  completely  ascer- 
tfiined,  that  these  bodies  are  intimately  con- 
nected by  the  law  of  gravitation.  Their  dis- 
tance, however,  must  be  very  great,  notwith- 
standhig  their  apparent  nearness  to  each 
other,  as  a  few  seconds  of  interval,  at  the  dis- 
tance of  the  nearest  star,  must  comprise  an 
irauiense  space.  I  shall  suppose  this  distance 
ill  the  case  of  some  of  these  bodies  to  be  only 
(586) 


the  one-hundreth  part  of  what  is  reclioim^ 
the  distance  (namety,  twenty  billions)  of  the 
nearest  star.  On  this  supposition,  the  dis- 
tance of  the  revolving  star  from  its  primary 
would  be  200,000,000,000,  or  two  hundred 
thousand  millions  of  miles.  The  circumfer- 
ence of  its  orbit  would  therefore  be  1,356,- 
640,000,000  of  miles.  The  small  star  of  f 
Ursse  completes  its  revolution  in  fifty-eight 
years,  and  consequently,  if  at  the  distance 
now  supposed  from  its  primary,  must  move  at 
the  rate  of  two  miihons  four  hundred  and 
seventy-one  thousand  miles  every  hour,  which 
is  eigbty-five  times  the  velocity  of  the  planet 
Jupiter,  and  more  than  twenty-three  times  the 
velocity  of  Mercury  in  its  orbit,  which  is  the 
swiftest  moving  p>lanet  in  our  system.  This 
motion  would  be  still  more  swift  in  the  case 
of  some  of  the  other  stars  to  which  we  have 
alluded.  The  small  star  of  6  Eridani,  as 
determined  by  Mr.  Dunlop,  revolves  around 
the  larger  at  the  rate  of  somewhat  more  than 
ten  and  a  half  degrees  per  annum,  and  conse- 
quently accomphshes  a  revolution  in  little 
more  than  thirty  years.  Its  motion,  then,  at 
the  distance  supposed,  would  be  equal  to  four 
millions  seven  hundred  thousand  miles  an 
hour,  which  is  162  times  the  velocity  of  Ju- 
piter, and  about  forty-four  times  that  of  Mer- 
cury. Even  the  small  star  of  y  Ijebnis,  which 
takes  1200  years  to  accomplish  is  revolution, 
would,  on  the  same  supposition, move  at  the 
rate  of  119,000  miles  an  hour,  which  is  a 
greater  velocity  than  that  of  the  swiftest 
planets  of  our  system.  These  are  immense 
velocities,  especially  when  we  considcir  the 
enormous  size  of  the  bodies  thus  impelled  ;  for 
the  least  of  these  suns  may  be  considered  as 
ten  ntilUons  of  times  larger  than  the  planet 
Morcury,  yet  moving  with  a  velocity  so  much 
superior. 

What,  then,  would  be  the  velocities  of  such 
bodies  were  we  to  suppose  them  as  far  distant 
fi-om  each  other  as  we  are  fi"ohi  tlie  nearest 
star!  In  the  case  of  XeUrsaj,  the  velocity 
would  be  two  hundred  and  forty-iseven  mil- 
lions, one  hundred  and  sixty  thousand  miles 
every  hour,  and  four  millions,  one  hundred 
and  fifty  thousand  every  minute  ;  and  in  the 
case  of  6  Ericlani,  the  velocity  would  be  477,- 
800,000  miles  an  hour,  and  132,735  in  a  se- 
cond,  which  is  more  than  sixteen  thousand 
times  the  velocity  of  Jupiter.  That  bodies 
may  move  with  such  velocity  !«  perhaps  not 
impossible,  but  it  is  highly  Ixuprobable  that 
such  rapid  motions  actually  exist  among 
bodies  of  such  astonishing  magnitudes;  and 
therefore  we  must  suppose  that  tlie  binary 
stars  are  within  a  moderate  distance  of  each 
other.  Still,  that  distance  must  be  very  con- 
siderable, and  it  is  not  ujiHkely  may  be  as 
great  as  I  have  supposed,  and  if  so,  it  presents 
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Ui  our  view  motions  more  rapid  and  sublime 
than  any  which  are  known  to  exist  within  the 
iimits  of  our  planetary  system. 

In  the  next  place,  we  must  consider  the 
system  ofplaitets  connected  with  the  binary 
stars.  These  stars  are  evidently  suns  or  self- 
luminouH  bodies,  otherwise  their  light  would 
ne^er  reSch  our  distant  sphere.  But  we  can 
never  admit  that  suns  were  created  merely  to 
Jiifuse  a  useless  splendour  over  the  waste 
spaces  of  infinity,  where  there  are  no  sentient 

>eings  with  visual  organs  to  be  cheered  with 
their  radiance.  In  this  case  they  might  be 
Slid  to  be  created  in  vain.  Hence  we  must 
necessarily  conclude  that  these  suns  are 
attended  with  a  retinue  of  planetary  bodies, 

which  revolve  around  them  as  the  centres  of 
light  and  attractive  influence,  and  we  can 
scarcely  conceive  a  more  sublime  and  astonish- 
ing object  than  that  of  magnificent  suns  re- 
volving around  still  more  magnificent  and  lu- 
minous centres,  and  conveying  along  with 
them  in  their  swift  career  a  numerous  train 
of  mighty  worlds,  all  in  regular  and  rapid 
motion  around  their  respective  orbs.  In  such 
sublime  sidereal  arrangements  we  behold  a 
combination  of  motions  and  effects  of  gravita- 
tion which  are  not  to  be  traced  throughout 
any  part  of  the  system  to  which  we  belong. 
For  while  the  planets  which  perform  their 
revolutions  around  the  revolving  sun,  are 
affected  by  the  power  of  attraction  from  that 
body,  with  which  they  are  more  immediately 
connected,  they  must  likewise  be  attracted  by 
the  larger  central  sun,  and  their  motions 
sometimes  retarded,  sometimes  accelerated, 
and  variously  modified,  by  its  powerfiil  influ- 
ence, which  combined  influences  must  pro- 
duce a  diversity  of  phenomena  and  effects 
unknown  in  the  system  of  our  sun.  For  the 
sake  oi  some  readers,  not  accustomed  to  such 
views  and  contemplations,  I  have  given  a  rude 
sketch  of  a  binary  system  in  fig.  32,  in  which 
the  central  circles  represent  the  larger  sun 
with  its  attendant  planets,  and  the  other  cir- 
cles the  revolving  sun  and  its  planets,  in  four 
diife rent  positions. 

Again,  in  conteniplatihg  these  binary  sys- 
tems, we  perceive  a  great  diversity  in  the 
periods  of  their  revolutions.  The  period  of 
revolution  of  the  small  star  of  e  Bootes  is  cal- 
culated to  be  not  less  than  1600  years.  An 
inhabitant  of  that  systeiii  would  be  consider- 
ed by  us  an  old  residenter  were  he  to  survive 
the  period  of  a  year,  or  a  single  revolution. 
But  in  such  systems  it  is  not  hkely  that  the 
lapse  of  duration  is  marked  by  so  short  pe- 
riods as  in  our  own  sublunary  abode,  nor  is 
it  probable  that  disease  and  death  cut  short 
the  existence  of  its  inhabitants,  as  in  the 
world  in  which  we  dw^ell.  Another  of  these 
euiis  takes  1200  years  to  complete  a  revolu- 


tion ;  another,  629  years ;  and  another,  4.52  ; 
while  several  others  finish  their  circuits  in  the 
comparatively  short  periods  of  o5,  43,  and 
even  30  years.  Whether  these  diversities  in 
the  periods  of  revolution  be  owing  to  the  dif- 
ferent magnitudes  of  the  respective  bodies, 
their  distances  from  each  other,  the  amplitudes 
of  the  orbits  in  which  they  move,  or  the  com- 
parative velocities  with  which  they  arc  carried 
forward  in  their  career,  we  have  as  yet  been 
unable  to  determine;  and  a  long-continued 
series  of  the  most  delicate  and  minute  inves- 
tigation is  still  requisite  before  such  points 
can  be  ascertained  with  any  degree  of  preci- 
sion. But  such  striking  differences  in  th(;ir 
periodic  revolutions  evidently  indicate  that  the 
characteristic  o^  variety  is  impressed  upon  all 
the  arrangements  connected  with  those  distant 
systems;  which  leads  us  to  conclude  that 
there  is  no  system  of  suns  or  worlds  in  the 
universe  exactly  resembling  another,  although 
they  may  be  all  subject  to  the  operation  of 
the  same  general  and  fundamental  laws. 
From  such  circumstances  we  are  likewise  led 
to  infer  that  among  bodies  in  the  more  dis- 
tant regions  of  creation  there  may  be  motions 
and  arrangements  altogether  different  from 
any  thing  we  yet  know,  which  produce  scenes 
of  beauty,  sublimity,  and  grandeur,  far  sur- 
passing what  the  mind  of  man  can  yet  con- 
ceive. 

In  regard  to  the  number  of  such  binary 
systems,  no  precise  estimate  has  yet  been 
made.  We  have,  however,  every  reason  to 
believe  that  their  number  is  very  great.  I 
have  already  stated  that  aboat  6000  double 
stars  have  been  detected  by  M.  Struve,  the 
two  Herschels,  Mr.  Duniop,  and  Sir  James 
South.  On  the  doctrine  of  chances,  it  is  in 
the  highest  degree  improbable  that  the  greater 
part,  or  even  any  considerable  immber  of 
these  bodies,"  appear  double  by  their  accidental 
proximity,  or  being  so  placed  one  behind 
another  as  to  be  nearly  in  the  same  line  of 
vision.  We  may  therefore  conclude  that  at 
least  4000  of  these  stars  are  binary  systems 
connected  by  the  law  of  mutual  gravitation. 
Between  forty  and  fiHy  of  these  bodies  have 
been  ascertained  beyond  doubt  to  form  re- 
volving systems,  and  time  must  be  allowed 
for  further  investigations.  It  is  but  lately 
that  the  attention  of  astronomers  has  been 
directed  to  such  observations;  and  on  ac- 
count of  the  very  minute  distances  of  the 
revolving  stars  from  each  other,  and  the  si  ght 
variation  of  the  angle  of  position  which  can 
be  traced  for  a  series  of  years,  an  age  or  twot 
is  requisite  in  order  to  determine  With  preci- 
sion the  degree  or  progress  of  their  revolu- 
tionary movements.  Some  of  their  orbits, 
too,  may  be  so  extensive,  or  their  motions  so 
coinparatively  slow,  that  several  thousands  ol 
(587) 


Hosted  by  Google 


64 


SIDEREAL  HEAVENS. 


years  may  elapse  before  the  periods  of  some 
of  these  bodies  be  completed ;  and  if  so,  we 
have  no  reason  to  conclude  that  they  are  not 
binary  systems,  although  half  a  century 
should  elapse  without  any  change  being  per- 
ceived in  their  angular  positions.  In  the 
course  of  fifty  or  sixty  years  hence,  we  have 
reason  to  believe  many  important  discoveries 
will  be  made  in  reference  to  the  bodies  in 
question,  and  what  is  at  present  doubtful  or 
obscure  will  be  rendered  definite  and  precise. 
In  the  mean  time,  we  may  safely  take  for 
granted  that  several  thousands  of  those  re- 
volving suns  and  systems  lie  within  the  range 
of  our  telescopes,  whose  revolutions  will  ere 
long  be  determined.  But  as  our  most  power- 
ful instruments  can  carry  us  only  a  very 
small  way,  comparatively,  beyond  the  out- 
ward boundaries  of  those  maghty  heavens 
which  surround  us,  ten  thousands  of  such  sys- 
tems may  exist  in  those  remoter  regions, 
which  will  for  ever  remain  inexplorable  by 
mortals. 

There  is  another  interesting  view  which 
may  be  taken  of  these  binary  systems,  and 
that  is — the  contrast  of  colours  which  some 
of  the  stars  composing  these  systems  exhibit. 
I  have  already  alluded  to  some  of  these  stars 
being  of  different  colours,  and  any  observer 
who  is  possessed  of  a  good  telescope  may 
easily  satisfy  himself  on  this  point.  "  Many 
of  the  double  stars,"  says  Sir  J.  Herschel, 
"  exhibit  the  beautiful  and  curious  phenomena 
of  contrasted  or  complementary  colours.  In 
such  instances,  the  larger  star  is  usually  of  a 
ruddy  or  orange  hue,  while  the  smaller  one 
appears  blue  or  green ;  probably  in  virtue  of 
that  general  law  of  optics  which  provides  that 
when  the  retina  is  under  the  influence  of  ex- 
citement by  any  bright-coloured  hght,  feebler 
lights,  when  seen  alone  would  produce  no  sen- 
sation but  of  whiteness,  shall  for  the  time  appear 
coloured  with  the  tint  complementary  to  that 
of  the  brighter.  Thus  a  yellow  colour  pre- 
dominating in  the  light  of  the  brighter  star, 
that  of  the  less  bright  one  hi  the  same  field 
of  view  will  appear  blue ;  while  if  the  tint  of 
the  brighter  star  verge  to  crimson,  that  of  the 
other  will  exhibit  a  tendency  to  green,  or  even 
appear  as  a  vivid  green  under  favourable  cir- 
cumstances. The  former  contrast  is  beauti- 
fiilly  exhibited  by  Iota  Cancri,  the  latter  by 
Gam^ma  Andromedse,  both  fine  double  stars. 
If,  however,  the  coloured  star  be  much  the 
less  bright  of  the  two,  it  will  not  materially 
affect  the  other.  Thus,  for  instance,  Eta  Cas- 
siopeise  exhibits  the  beautiful  combination  of 
a  large  white  star  and  a  small  one  of  a  rich 
ruddy  purple.  It  is  by  no  means,  however, 
intended  to  say  that  in  all  such  cases  one  of 
tbe  colours  is  a  mere  effect  of  contrast ;  and 
i\  .aay  be  easier  suggested  in  words  than  con- 
(588) 


ceived  in  imagination,  what  variety  of  illmni  - 
nation  two  suns,  a  red  and  a  green,  or  a 
yellow  and  a  blue  one,  must  afford  a  planei 
circulating  about  either ;  and  what  charming 
contrasts  and  'grateful  vicissitudes' — a  red 
and  a  green  day,  for  instance,  alternating  with 
a  white  one  and  with  darkness — might  arise 
fi:om  the  presence  or  absence  of  one  or  other, 
or  both,  above  the  horizon.  Insulated  star^ 
of  a  red  colour,  almost  as  deep  as  that  of 
blood,  occur  in  many  parts  of  the  heavens, 
but  no  green  or  blue  star  (of  any  decided  hue) 
has,  we  believe,  ever  been  noticed  unassociated 
with  a  companion  brighter  than  itself." 

The  fact  of  coloured  suns,  of  suns  belong- 
ing to  the  same  system  diffusing  light  of  op- 
posite or  contrasted  colours,  presents  a  novel 
and  interesting  idea,  and  a  splendid  scene,  in 
which  a  lively  imagination  may  luxuriats 
while  depicting  the  diversity  of  aspects  under 
which  objects  will  appear  in  those  worlds 
which  are  alternately  illuminated  by  such  a 
variety  of  irradiation.  It  is  somewhat  diffi- 
cult, however,  to  form  a  distinct  conception 
of  the  particular  beauties,  sublimities,  and 
contrasts,  which  will  be  produced  by  such  ad- 
mirable arrangements.  We  are  unacquainted 
with  the  nature  and  qualities  of  the  substances 
which  are  thus  illuminated,  and  therefore 
cannot  determine  the  peculiar  hues  or  splen- 
dour which  will  result  from  the  reflection  of 
such  irradiations ;  but  we  may  easily  conceive 
there  will  be  a  considerable  difference  in  the 
variety  and  splendour  of  such  illuminations, 
and  in  the  contrast  of  colours  which  will  be 
exhibited  when  the  revolving  planets  are  in 
different  parts  of  their  orbits.  When  in  such 
positions  as  A,  B,  C,  D,  (fig.  32,)  they  will 
be  more  directly  under  the  influence  of  both 

Fig.  32. 


suns  than  when  at  E  and  F,  and  of  course 
the  effect  of  the  contrasted  coloured  rays  wilJ 
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be  most  remarkable.  One  hemisphere  of  a  systems  of  worlds,  in  which  the  scenery  and 
planet  may  be  illuminated  with  a  yellow  sun,  arrangements  are  exactly  the  same,  but  that 
while  the  other  is  at  the  same  time  enlight-  each  would  display  its  own  i.M3culiar  harmo- 
ened  by  a  green,  and  both  suns  may  occasion-  nies,  beauties,  and  sublimities,  and  the  enrap- 
ally  shine  in  the  same  b^Jnisphere,  producing  tured  spectator,  at  every  stage  of  his  excur- 
such  a  blending  of  hues,  and  a  contrast  ©f  sion,  would  behold  a  new  manifestation  of 
colouring  over  the  whole  landscape,  as  to  ren-  "  the  manifold  wisdom  of  God." 
der  the  aspect  of  the  scene  completely  diffe-  It  would  be  an  important  and  interesting 
rent  at  one  time  from  what  it  is  at  another,  acquisition  in  astronomy  could  we  determine 
In  different  parts  of  the  planets'  courses  exactly,  or  even  to  a  near  approximation,  the 
around  their  primary  suns  these  effects  will  be  distances  of  any  of  these  binary  systems,  and 
variously  modified,  so  as  to  produce  an  almost  the  actual  dimensions  of  the  orbits  of  the  re- 
perpetual  variety  in  the  scenery  of  such  worlds,  volving  stars.  It  appears  from  what  has  been 
A  sun  of  a  brilliant  white  colour  may  perhaps  formerly  stated,  (pp.  37,  38,)  that  the  paral- 
be  seen  lising,  while  a  sun  of  a  ruby  hue  is  lax,  and  consequently  the  distance,  of  61 
descending  below  the  horizon,  and  when  both  Cygni  has  been  determined  by  Professor  Bes- 
suns  are  absent,  the  starry  firmament  will  ap-  sel.  Now  this  is  a  double  star,  or  binary- 
pear  in  all  its  splendour,  and  every  object  system,  and  one  of  tb.e  stars  is  found  to  have 
around  present  a  contrast  to  its  previous  ap-  an  annual  angular  motion  of  about  two-thirds 
pearance.  of  a  degree ;  from  which  it  is  inferred  that 

The  science  of  optics,  and  particularly  the  the  period  of  its  revolution  may  be  about  540 
experiments  which  have  been  made  on  polar-  years,  and  that  the  semi-major  axis  of  its  or- 
ized  light,  show  us  what  a  variety  of  combi-  bit  is  seen  under  an  angle  of  more  than  W, 
nations  of  vivid  and  beautiful  colours  may  Were  these  and  other  correlative  points  accu- 
be  produced  by  certain  modifications  of  light,  rately  settled,  we  might  soon  determine  to  a 
which  may  easily  lead  us  to  conceive  of  the  near  approximation  the  extent  of  its  orbit,  the 
sublime  and  diversified  brilliancy  of  colouring  space  through  whiph  it  moves  in  the  course 
which  must  be  the  result  of  the  irradiation  of  of  a  revolution,  and  consequently  its  rate  of 
suns  of  different  hues.  The  light  of  the  stars  velocity ;  but  as  the  motion  of  revolution  of 
in  general  is  greatly  diversified,  although  on  this  star  is  so  extremely  slow,  a  considera- 
a  cursory  view  of  the  firmament  they  appear  ble  period  of  years  may  elapse  till  all  the  ele« 
nearly  of  the  same  aspect.  The  rays  of  SiriuSy    ments  of  its  orbit  be  accurately  ascertained. 


for  example,  are  not  only  strikingly  different 
from  those  of  Aldebaran,  but  from  those  of 
many  other  stars  which  seem  to  bear  a  nearer 
resemblance.  In  tropical  climates,  where  the 
sky  is  clearer  than  with  us,  and  almost  of  a 
dark  ebony  colour,  the  different  hues  of  the 
stars  are  more  striking  and  perceptible  to  the 


A  few  years  ago,  a  method  was  pointed  out 
by  M.  Savory,  a  French  astronomer,  by  which 
the  dimensions  of  the  orbit  of  a  revolving  star 
might  be  determined.  This  method  depends 
upon  the  fact  that  light  moves  with  a  certain 
known  rate  of  velocity.  Suppose  that  one  of 
the  double  stars  moves  round  another  in  an  orbit 


naked  eye  than  when  seen  through  our  com-  which  is  nearly  parallel  to  our  line  of  vision^ 

paratively  hazy  atmosphere.     In  this  respect  it  is  evident  that  the  one  half  of  its  orbit  wil? 

then,  as  well  as  in  several  others,  the  declara-  be  nearer  to  us  than  the  other,  and  that  at  the 

tion  of  the  inspired  writer   is  literally  true,  most  distant  point  of  its  course  the  star  will 

that  "  one  star  differeth  from  another  star  in  be  removed  from  us  to  a  distance  equal,  or 

glory.''     Milton,  in  the  eighth   book  of  his  nearly  equal,  to  the  whole  diameter  of  its  orbit 

"Paradise  Lost,"  utters  a  sentiment  on  this  furtherthanwhenatthepoint  which  is  nearest 

subject  which  seems  to  be  almost  prophetic,  the  earth.     As  the  light  which  proceeds  from 

when  he  represents  Raphael  in  his  address  to  the  star  takes  a  cei'tain  time  in  moving  across 


the  interval  which  separates  us  from  that 
body  before  it  reach  our  eye,  we  must  neces- 
sarily see  the  star  in  a  point  of  its  orbit  dif- 
ferent from  that  in  which  it  is  actually  placed. 
Let  iS  (fig.  33)  represent  the  central  star,  L 
the  earth,  and  H  F  K  G  the  orbit  of  the  re- 
volving star.     When  the  star  is  at  H,  it  is 


Adam  as  saying — 

"  Other  suns,  perhaps, 
With  their  attendant  moons  thou  wilt  descry, 
C ommxtnicatinnr  male  and  female  light, 
Which  two  great  sexes  animate  the  world, 
Stored  in  each  orb,  perhaps,  with  some  that  live." 

In  these  phenomena  we  have  another  proof 

of  the  infinite  variety  which  the  Creator  has  nearest  the  earth  ;  and  when  at  K,  it  is  farther 

introduced  into  the  systems  of  the  universe —  distant  by  the  whole  diameter   of  its  orbit, 

a  variety  in  regard  to  colour  as  well   as  to  Now,  when  the  star  proceeds  from  if,  the 

magnitude,  motion  and  other  arrangements, —  nearest  point  of  its  orbit,  its  light  will  take  a 

which  leads  us  to  conclude  that  although  we  longer  period  to  reach  the  earth  in  proportion 

wore  permitted  to  make  the  tour  of  universal  as  it  moves  on  in  its  course  from  HtoG  and 

nature,  we  ishould   meet  with  no  worlds,  or  from   G  to  K,  and  consequently  will  appeal 

3  D         (5S9) 
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to  take  a  longer  time  than  in  reality  it  does  in 
moving  along  that  portion  of  its  orbit ;  but  in 
returning  tlirougii  the  other  half  of  its  orbit, 
R  F  H,  it  will  appear  to  pass  through  it  in  a 
less  space  of  time  than  it  actually  does,  since 
the  light  which  proceeds  from  it  takes  less 
and  less  time  to  reach  our  eye  as  it  approaches 
in  its  course  towards  F  and  7/.  If,  therefore, 
we  could  accurately  deternxine  the  difference 
of  time  between  these  two  half  revolutions  of 
the  star,  we  should  have  data  sufficient  for 
determining,  to  a  near  approximation,  the  di- 
mensions of  the  orbit  in  miles,  or  other  known 
measures ;  and  having  found  these  dimensions, 
the  distance  of  the  star  from  the  earth  could 
likewise  be  found  by  an  easy  trigonometrical 
calculation. 

This  method  of 
finding  the  di- 
mensions of  bi- 
nary systems  is 
entitled  to  the 
praise  of  ingenu- 
ity ;  but  it  will  be 
\  G-  difficult,  in  many 
instances,  to  put 
it  in  practice.  Its 
accuracy  will  «le- 
pcnd  upon  )ur 
knowing  the  posi- 
tion of  the  jrhh 
with  regard  to  our 
eye,  and  our  asce/- 
taining  exactly 
when  the  star  is 
in  i/  or  at  K,  or 
the  two  opposite 
points  of  its  orbit.  Besides,  a  very  long  time 
must  intervene  before  observations  of  this  kind 
can  be  completed,  since  most  of  the  periods 


O 


that  have  been  determined  in  regard  Us 
double  stars  extend  to  several  hundreds  of 
years,  and  the  shortest  period  yet  kno\vn  of 
any  of  these  revolving  bodies  is  above  thirty 
years.  It  is  generally  taken  for  granted,  by 
those  who  have  adverted  to  this  subject,  that 
the  distance  between  the  revolving  and  the 
central  star  is  as  great,  or  nearly  as  great,  as 
that  which  intervenes  between  us  and  the 
nearest  star ;  and  hence,  in  their  illustrations 
of  this  point,  they  have  supposed  Hght  to  take 
at  least  one  year  in  crossing  the  orbit  of  a  re- 
volving star,  which  of  course  would  make  the 
diameter  of  such  an  orbit  above  six  billions 
of  miles.  But  there  appears  no  reason  for 
forming  such  extravagant  suppositions,  as  in 
such  a  case  the  binary  stars  could  scarcely  be 
supposed  to  have  any  intimate  connexion. 
We  might  aluK^t  as  soon  suppose  that  the 
star  Sirius  might  revolve  aroinid  our  sun,  or 
the  sun  around  Sirius.  It  is  not  likely  that 
the  double  stars  in  general  are  much  further 
fi-om  each  other  than  the  distance  I  formerly 
supposed, —  namely,  200,000,000,000,  and 
consequently  the  diameter  of  their  orlifts  about 
400,000,000,000  of  miles.— Through  this 
space  light  would  pass  in  the  course  of  24  days 
and  2f  hours ;  and  therefore  it  would  require 
very  accurate  determinntions  indeed  of  the 
points  H  and  K^  or  the  nearest  and  remotest 
points  of  the  orbits,  before  any  precise 
conclusions  could  be  deduced,  if  the  stars  be 
not  farther  distant  than  I  have  supposed,  and 
it  is  perhaps  as  probable  that  they  are  con- 
siderably within  that  distance.  It  is  not  im» 
probable,  however,  that  the  dimensions  of  the 
orbits  of  some  of  those  stars  whose  periods  are 
shortest  may  in  this  way  be  determined ;  but 
a  considerable  periotl  must  elapse  before  ih© 
requisite  operations  can  be  made. 


CHAPTER  IX. 


On  Treble,  Quadruple,  and  Multiple  Stars, 


Bestdeb  the  combinations  of  double  stars 
described  in  the  preceding  chapter,  treble, 
quadniple  and  multiple  stars  have  been  dis- 
covered, many  of  which  appear  to  be  ulti- 
mately connected,  and  to  be  formed  into  regular 
systems,  whose  motions  and  phenomena  must 
of  course  be  more  diversified  and  complicated 
than  those  of  binary  systems.  Without  en- 
tering into  particular  discussions  on  this  sub- 
ject, I  shall  present  to  the  reader  only  two  or 
three  general  remarks,  with  a  short  list  of 
some  of  the  treble  and  multiple  stars  to  which 
I  allude. 

The  more  profound  and  minute  our  inves- 
ig'^tions  are  into  the  scenery  of  the  heavens, 
(5d0) 


the  more  do  we  discover  of  the  endlessly  di- 
versified modes  by  which  the  system  of  uni- 
versal nature  is  arranged  and  conducted,  and 
the  more  clearly  do  we  perceive  a  display  of 
the  infinite  wisdom  and  intelligence  of  its 
almighty  Author.  Who  could  have  pre- 
viously  conceived  of  one  sun  and  system  re- 
volving round  another,  had  not  recent  obser- 
vations demonstrated  the  astonishing  fact  ! 
As  one  discovery  naturally  leads  to  another, 
so  the  facts  which  have  already  been  asccr- 
tained  may  lead  to  discoveries  in  future  gene- 
rations still  more  wonderfiil  and  sublime  than 
those  which  have  hitherto  been  brought  to 
light.     The  discovery  of  binary  systems  leade 
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to  the  conclusion  that  almost  all  the  close 
groups,  orclustering  stars,  yisible  to  the  naked 
eye  or  descried  by  telescopes,  are  multiple 
systems.,  or  suns  and  planetary  worlds  hnked 
together  by  a  universal  law  or  principle,  act- 
ing in  diilerent  modes,  and  producing  an  im- 
mense variety  of  physical  phenomena  and 
effects.  Guided  by  principles  and  facts  re- 
cently brought  to  light,  astronomers  have  only 
to  direct  their  attention  more  particularly  to 
such  objects,  to  watch  with  care  the  slightest 
movements  in  the  sidereal  heavens,  and  take 
their  measurements  of  distances  and  angular 
positions  with  the  utmost  precision;  and  then 
we  may  expect  that  succeeding  generations  will 
have  unfolded  to.  their  view  a  more  sublime 
and  comprehensive  prospect  of  the  arrange- 
iments  of  the  universe. 

In  certain  cases  it  has  already  been  ascer- 
tained that  treble  stars  form  one  connected 
system.  The  star  marked  f  Cancri  is  a  tre- 
ble star  of  this  description.  Two  of  the  stars 
are  considerably  unequal ;  the  largest  of  these 
is  larger  than  the  single  star,  and  the  least  of 
the  two  is  less  than  the  single  star.  The  first 
and  second  largest,  as  described  by  Sir  W. 
Herschel,  are  pretty  unequal,  and  the  second 
and  third  pretty  unequal.  The  nearest  are 
pale  red.  They  require  very  favourable  cir- 
cumstances  to  be  distinctly  seen ;  they  are 
just  separated  by  a  power  of  227,  and  with 
460  tlieir  distance  is  ^  the  diameter  of  the 
smaller  one.  This  is  considered  a  case  in 
which  three  suns  revolve  around  a  common 
centre.  Observation  has  not  yet  afforded  a 
sufficient  data  for  determining  the  particular 
motions  or  arrangements  of  such  complex  sys- 
tems ;  but  we  may  conceive  them  as  arranged 
in  a  manner  somewhat  similar  to  what  we 
have  deUneated  in  fig.  34,  where  the  point  C 
may  represent  the  common  centre  of  gravity 

Fig.  34. 


ceived  as  lying  m  different  planes  oblique  to 
each  other,  to  prevent  any  occasional  collision 
or  too  near  an  approach. 

A  quadruple  system  may  be  represented 
by  fig.  35,  where  C  is  the  centre  of  gravity 
round  which  the  four  bodies  revolve,  and  the 
circles  a  a  a  a,  b%  b  b,  &c.,  the  respective 
orbits  in  which  they  move.  The  star  s  Lyr® 
is  probably  a  system  of  this  kind.  It  is  a 
star  of  the  fifth  magnitude,  situated  about 
two  degrees  north-east  from  the  bright  star 
Vega,  or  a  Lyrse.  The  stars  of  which  it  is 
composed  are  easily  distinguishable  by  a  tele- 
scope of  moderate  power,  and  it  is  easily  found 
from  its  vichiity  to  the  very  bright  star  adja- 

Fig.  35. 


wound  which  the  three  bodies  rcTolve .  The 
ajrcles  A  /?,  D  E,F  G\  represent  the  orbits 
ftf  the  revolving  bodies,  which  may  be  con- 


cent to  it.  The  small  stars  of  which  it  is 
composed  are  situated  nearly  as  represented 
in  fig.  36.  We  might  conceive  of  such  a  sys- 
tem of  bodies  revolving  in  a  still  more  com- 
plex manner, — the  star  V  revolving  round  Sy 
the  star  U  revolving  round  T,  the  system  of 
Fand  ^S  revolving  round  a  point  a,  and  the 
system  of  C/and  T  round  the  same  point  or 
centre  in  a 
Fig.  36,  separate     but 

more  expan- 
sive orbit.  But 
it  is  difficult 
to  form  dia- 
grams of  such 
corriplex  sys- 
tems. 

There  are 
many  differ- 
ent combina- 
tions by  which  we  may  conceive  treble,  quad- 
ruple, and  multiple  stars  to  revolve  round 
their  common  centre  of  gravity,  which  it 
would  be  too  tedious  to  describe,  particularly 
as  such  motions  have  not  yet  been  accurately 
ascertained,  Sir  W.Herschel  depribes  one 
of  these  possible  combinations  which  is  not  a 
little  smgular.     Suppose  two  equal  stars,  o 
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Fig.  37. 


Uid  b,  (fig.  37,)  moving  in  a  circular  orbit  apply  to  the  almighty  architect  the  language 
round  their  of  the  sacred  writer — "  Plow  unsearchahle 
common  cen-  are  thine  operations  and  thy  ways  past  find- 
tre  of  gravity  ing  out!"  When  we  consider  thgt  around 
which  will  be  each  of  these  moving  suns  a  retinue  of  planets 
the  centre  of  must  he  supposed  to  wheel  their  courses,  at 
the  circle,  different  distances  and  in  different  periods  of 
From  the  cen-  time,  we  cannot  but  feel  astonished  at  the 
tre  of  the  cir-  complexity  of  motions,  perturbations,  and 
c\e,  draw  a  other  effects  which  nmst  necessarily  follow ; 
line  perpendi-  yet  we  are  bound  to  beUeve  that  every  thing 
cular  to  the  moves  onward,  not  only  without  confusion, 
plane  of  their  but  in  the  most  perfect  order  and  harmony , 
^l  orbit,  extend-  for  He  who  at  first  arranged  the  plan  of  the 
ing  to  equal  material  world,  and  impressed  upon  matter 
distances  a-  the  laws  which  now  operate,  is  possessed  of 
hove  and  be-  boundless  intelligence,  and  foresees  at  one 
low  this  cen-  glance  all  the  effects  which  those  laws  can 
tre.  Let  us  possibly  produce  ;  and,  so  far  as  our  observa- 
now  suppose  a  third  star,  c,  to  fall  from  one  tion  extends,  every  object  and  movement  in 
extremity  of  this  perpendicular,  from  a  state  nature  appears  to  be  adjusted  with  the  most 
of  rest;  it  will  obviously  descend  with  a  gra-    perfect  regularity. 

dually  accelerated  motion  till  it  reaches  the        The    solution    of  the   "  problem   of  three 
centre  of  gravity ;  and  passing  onwards  with    bodies"  was  considered  as  a  work  of  so  great 
a  motion  gradually  retarded,  it  will  move  to    nicety  and  difficulty  that  none  but  sucli  pro- 
the  other  end  of  the  perpendicular,  where  it    found  mathematicians  as   Clairaut,  D'Alem- 
will  arrive  at  a  state  of  rest,  and  again  return    bert,  and  Euler,  could  undertake  such  a  deli- 
and  continue  to  oscillate  between  these  two    cate  and  laborious  investigation.     This  pro- 
points.     The  two  stars  which  move  in  a  cir-    blem  was,  "  to  determine  the  curves  described 
cular  orbit  may  describe  equal  ellipses  of  any    by  three  bodies  projected  from  three  points 
degree    of  eccentricity.     In   this  case,  how-    given  in  position,  and  with  velocities  given  irj 
ever,  the   perturbations  will  affect  not  only    quantity  and  direction — the  force  with  which 
the  planes  of  their  orbits,  but  also  their  figures;    they  gravitate  being  directly  as  their  quanti 
and  the  length  of  the  oscillations  of  the  third    ties  of  matter,  and  inversely  as  the  squares  ol 
will  be  sometimes  increased  and  diminished.      their  distance."     If  the  resolution  of  such  a 
A  sun  oscillating  in  a  line  perpendicular  to    problem  required  so  great  acuteness  of  intel- 
the  orbit  o^  other  two  suns,  and  continuing    lect,  and  so  eminent  skill  in  the  science  of 
its  motion  for  ages  in  that  line,  is  certainly  a    analysis,  what  perspicacity   of  intellect,   and 
very  strange  idea ;  and  yet,  from  the  variety    what  profound  knowledge  of  every  thing  con- 
we  perceive  in  the  arrangements  of  the  uni-    nected  with  physical  and  mathematical  inves- 
verse,  it  is  not  at  all  improbable  that  such    tigations  must  be  requisite  to  determine  the 
combinations  may  exist  among  treble  stars,    courses  described  and  the  perturbations  pro- 
The  idea  here  intended  to  be  conveyed  may    duced  by  the  complex  mofions  of  five,  six,  or 
be  illustrated  by  suspending  a  ring,  and  plac-    seven  suns  all  connected  together,  yet  moving 
ing  a  wire  perpendicular  to  it  in  its  centre,    in  different  curves  and  in  different  directions, 
The  ring  will  represent  the  plane  of  the  orbit    along  with  hundreds   of  planets,  each   con* 
in  which  the  two  equal  stars  move,  and  the    nected  with  its  own  sun  and  pursuing  its 
perpendicular  wire  the  line  or  course  of  the    own  distinct  course,  yet  acted  upon  in  suc- 
third  star  moving  backward  and  forward  with    cession  with  different  degrees  of  force  by  the 
different  degrees  of  accelerated  and  retarded    attractive  influence  oi  other  suns !     AW  our 
motion.     The  motions  connected  with  quin-    boasted  powers   of  analysis   are    completely 
tuple  and  multiple  stars  must  be  still  more    incompetent  for  such    determinations.     The 
complex  than  those  to  which  we  have  ad-    faculties  of  an  archangel,  or  of  intelligences 
verted ;  but  it  is  difficult  in  the  mean  time  to    of  a  higher  order  than  that  of  man,  are  alone 
form  any  distinct  ideas  on  the  subject,  till  ac-    adequate  to  such  investigations ;  and  this  cir- 
tual  observation  in  the  course  of  succeeding    cumstance    affords   a   presumptive    evidence 
ages  shall  pave  the  way  for  deducing  definite    that  such  superior  intelligences  actually  exist 
conclusions.     The  discoveries  already  made    in  the  universe,  and  that  man,  in  the  present 
open  to  view  new  scenes  of  celestial  mechan-   improvement  of  his  powers,  may  be  in  the 
ism,  and  new  views  of  the  diversified  and  ad-    act  of  training  for  the  employments  and  the 
mirable  contrivances  of  Divine  Wisdom,  so    society  of  such  intellectual  beings  in  a  futur® 
that,  in  reference  to  such  objects,  we  may    scene  of  existeiice. 


Hosted  by  Google 


KKFLECTIONS  OK  MULTIPLE  SYSTEMS. 


e.9 


The  followifig  brief  list  of  treble  and  mul- 
tiple stars,  selected  chiefly  from  Sir  W.  Her- 
schel's  catalogue,  is  given  for  the  sake  of  those 
who  maybe  disposed  to  inspect  them  with 
their  telescopes.* 

7t,  or  42  Aries,  in  the  ham,  sixth  magni- 
tude.— The  three  stars,  which  are  all  in  a 
line,  are  excessively  unequal ;  the  largest  is 
white,  and  the  two  smallest  are  mere  points. 
Wit]  a  power  of  460,  the  two  nearest  are  1^ 
diameter  of  the  largest  star.  The  third  is 
about  25''  from  the  largest. 

£,  or  4  or  5  Libra. — This  is  a  remarkable 
double-double  star — or  a  double  star,  each  star 
itself  being  a  double  star.  The  iirst  set  con- 
sists of  stars  that  are  considerably  unequal. 
The  largest  is  very  white,  and  the  smallest 
reddish.  Their  distance  with  227  is  one  di- 
ameter of  the  larger  one ;  the  second  set  are 
white  and  equal,  the  preceding  being  rather 
the  largest;  their  distance  H  diameter  of 
either.  The  star  appears  of  the  fourth  mag- 
nitude. 

(J,  or  48  Orion,  a  star  of  the  fourth  magni- 
tude, a  little  below  the  lowest  of  the  three 
stars  in  the  belt.  This  is  a  double-treble  star, 
or  two  sets  of  treble  stars,  almost  similarly 
situated.  The  two  nearest  of  the  preceding 
set  are  equal;  the  third  larger,  and  pretty 
unequal  when  compared  with  the  latter  two. 
With  a  power  of  222,  the  distance  of  the  two 
nearest  is  2  diameters  of  either.  The  two 
nearest  of  the  following  set  are  very  unequal. 
The  largest  of  the  two  and  the  farthest  are 
considerably  unequal,  the  largest  being  white 
and  the  smallest  bluish.  With  a  power  of 
222,  their  distance  is  about  2^  diameters  of 
the  largest.  The  distance  of  the  two  farthest 
is  43^'  Right  ascension,  5"  30' ;  south  decli- 
nation, 2^^  43^ 

e,  or  41  Orion,  the  small  telescopic  tra- 
pezium  in  the  nebula.  Right  ascension,  5'' 
26' ;  south  dec,  5°  32^.  The  stars  compos- 
ing this  quadruple  star  are  considerably  un- 
equal. The  most  southern  star  of  the  follow- 
ing side  of  the  trapezium  is  the  largest;  and 
the  star  in  the  opposite  corner  is  the  smallest, 
the  other  two  being  nearly  equal.  The  largest 
is  pale  red ;  the  star  preceding  the  largest  in- 
clined to  garnet ;  and  the  star  opposite  the 
laigest  dusky.  Distance  of  the  two  stars  in 
the  preceding  side,  8 J  seconds;  in  the  southern 
side,  12J  seconds;  in  the  following  side,  15 
seconds ;  and  in  the  northern  side,  20  seconds. 
The  first  star  (in  right  ascension)  is  of  the 
seA^enth  magnitude,  the  second  of  the  eighth 
magnitude,  the  third  of  the  fifth  magnitude, 
and  the  fourth  of  the  sixth  or  seventh  magni- 


♦  As  the  following  and  similar  lists  are  inserted 

for  the  purpose  of  reference  to  annxteur  observers, 

the  general  reader,  if  he  think  proper,  may  pass 

OTer  such  lists  and  descriptions. 
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tude.     M,  Struve  found  the  angles  of  [)o< 
tion,  in  1819,  to  be  as  follows — 


3d  and  4th  : 
29^45'  north  following. 


1st  and  3d  : 
45"  9'  north  preceding. 


1st  and  2d  :        2d  and  4th:         2d  and  3d: 
SS^*  8'  north  fol.  31*  0^  north  pre.  74^  0'  north  pre 

44  Orion  preceding  the  two  is,  or  below 
1,  2,  0 — of  the  thh^d  or  fourth  m.agnitudt. 
The  preceding  set  of  this  double-triple  star 
consists  of  three  equal  stars,  forming  a  triangle, 
and  are  all  dusky.  The  distance  of  the  two 
nearest  with  a  power  of  227  is  about  3  diam. 
The  following  set  consists  of  three  stars  of 
different  sizes,  forming  a  circle.  The  middle 
star  is  the  largest ;  the  one  to  the  south  is 
pretty.largc;  and  the  third  is  very  small.  The 
two  largest  are  white,  and  the  smallest  pale 
red.  Distance  36^".  These  stars  are  east 
by  north  from  the  bright  star  Rigel,  at  the 
distance  of  about  5°. 

12  Lynx,  below  the  eye,-  about  18°  or  19^ 
north-east  of  Capella  and  16°  no7^th  of  /3 
Aurigse.  The  two  nearest  of  this  curious 
treble  star  are  pretty  unequal.  The  larger  is 
white,  and  the  smaller  white  inclining  to  a 
rose  colour.  With  a  power  of  227  their  dis- 
tance is  ^  the  diameter  of  the  smaller  one. 
The  first  and  third  are  considerably  unequal ; 
the  second  and  third  pretty  unequal ;  the 
colour  of  the  third  being  pale  red,  and  its  dis- 
tance fi'om  the  first  9". 

I,  or  51  Libra;  of  the  fourth  or  fifth  mag^ 
nitude.  This  star  appears  at  first  double,  but 
the  larger  of  the  two  will  be  found  to  consist 
of  two  stars.  They  are  nearly  unequal,  and 
both  white.  With  a  power  of  460  their  dis- 
tance  is  ^  the  diameter  of  the  larger. 

J°  south  of  58  Aurigse,in aline parallelta 
j3  and  Q,  south-east  of  the  bright  star  Capel- 
la. This  is  a  cluster  of  stars  containing  a 
double  star  of  the  second  class  and  one  of  the 
third.  The  two  of  the  second  are  very  un- 
equal, and  both  red.  Their  distance  with  460 
is  2^  diameters  of  the  larger.  Those  of  the 
third  class  are  equal,  and  both  red.  Distance, 
1 7''.  Above  20  stars  are  in  view  with  a 
power  of  227, 

A  large  star  1°  preceding  J  towards  4:1  of 
the  Swan.  The  two  nearest  are  extreinely 
unequal.  The  largest  is  white,  and  the 
smallest  pale  red.  Their  distance  with  460 
is  2^-  diameters  of  the  largest.  The  third  and 
the  largest  are  extremely  unequal,  and  belong 
to  the  fifth  or  sixth  class. 

South  preceding  27  Swan,  the  middle  of 
three,  the  most  southern  ofiohich  is  the  27. 
This  star  is  quadruple  and  sextuple.  In  the 
quadruple  of  north  preceding  set,  the  two 
nearest  are  very  unequal.  Their  distance 
with  678  is  ll'^     The  two  largest  are  ahnost 
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equa],  and  both  red.  Distance,  29^^'.  In 
tlie  sextuple  or  south  fol'owmg  set,  the  two 
largest  are  pretty  tmequal,  and  both  red. 
Then-  distance  is  19''''. — Tiie  other  stars  arc 
as  small  as  the  smallest  of  the  quadruple  set. 

■|°  north  preceding  II  Gemini,  (of  the  fifth 
magnitude,)  in  a  line  parallel  to  the  65  Orion, 
(\n  the  club,  and  of  the  fifth  magnitude,)  and 
J  Taurus,  the  middle  of  the  three.  The  stars 
in  this  quintuple  star  are  in  the  form  of  a  cross. 
The  two  nearest,  or  the  preceding  of  the  five, 
are  extremely  unequal.  Distance  20^''''. 
There  is  a  veiy  obscure  star  of  the  third  class 
near  the  last  of  the  three,  in  the  obscure  star 
of  the  cross.  Other  five  stars  are  dispersed 
about  the  qumtuple  one. 

Between  ^  and  J  Dolphin,  hut  nearer  to  )3- 
All  the  three  stars  are  whitish  red,  and  nearly 
equal.  Distance  of  the  two  nearest  with  a 
power  of  278,  21^''. 

Near  27  Cepheus,  near  §.  The  distance 
of  the  two  nearest  of  this  treble  star  is  about  20'''. 

f3,  or  10  Li,ra,  (of  the  third  magnitude, 
and  abndt  7°  south-east  of  the  bright  star 
Vega.)  The  sta-s  of  this  quadruple  star  are 
all  white,  the  secoii  1,  third,  and  fourth,  inclin- 
ing to  red.  The  firsi  and  second  are  consider- 
ably anequa  1 ;  the  fii>-t  and  third  very  une- 
qual ;  and  tht  first  and  j'^urth  unequal.  Dis- 
tance of  the  fiist  and  secoi  d,  44^''. 

ji3,  or  78  Gemini,  (PoUun'.)  The  stars  of 
this  multiple  star  are  extreme]  v  unequal.  The 
nearest  distance  is  V  bl"  ;  the  next  distance 
is  3'  W. 

In  the  Unicornis  head.  This  multiple  star 
consists  of  one  star  with  about  twelve  around 
it.      16°  west  of  Procyon. 

J,  or  16  Cancer.  This  very  minute  treble 
star  requires  veiy  favourable  circumstances  to 
De  distinctly  seen.     The  two  stars  of  which 


the  preceding  one  consists  are  considerably 
unequal.  The  largest  of  these  is  large i-  than 
the  single  star,  and  the  least  of  the  two  is  less 
than  the  single  star.  The  first  and  second 
largest  and  pretty  unequal,  and  the  second  and 
third  pretty  unequal.  The  two  nearest  are 
pale  red.  They  are  just  separated  with  a 
power  of  278,  and  witli  460  their  distance  is 
4-  the  diameter  of  the  smaller  one.  Zeta 
Cancri  is  situated  about  12  or  13  deju'ces 
south-east  of  Pollux,  nearly  hi  a  line  parallel 
to  that  which  joins  Castor  and  Pollux,  and 
nearly  the  same  distance  north  by  east  from 
Procyon.  It  appears  as  a  star  of  the  fifth  or 
sixth  magnitude,  and  is  sometimes  distin- 
guished by  the  name  Tegmine»  As  a  double 
star  it  is  easily  distinguished  by  a  power  of 
140,  with  a  3^-  feet  achromatic  telescope,  whose 
aperture  is  2  j  inches,  and  might  perhaps  be 
seen  with  a  power  of  100.  But  it  requires  a 
much  higher  power  to  distinguish  ic  as  a  treble 
star. 

Most  of  the  above  stars  may  be  found  by 
consulting  large  planispheres  of  the  heavens, 
or  a  common  celestial  globe.  To  facilitate 
the  finding  out  of  their  positions,  I  have  in- 
serted in  the  above  list  some  special  directions, 
which  may  perhaps  be  of  use  to  the  astrono- 
mical tyro  who  is  furnished  with  a  moderately 
good  telescope.  It  is  to  be  regretted  that, 
even  on  some  of  our  latest  18-inch  celestial 
globes,  several  of  the  stars  above  referred  to 
are  not  distinctly  marked,  either  with  their 
number  or  with  the  Greek  letters  by  which 
they  are  generally  distinguished,  and  some 
of  them  are  altogether  omitted ;  such,  for  in- 
stance, as  the  celebrated  star  6 1  Cygni,  which 
is  a  double  star,  and  whose  proper  motion  k 
greater  than  that  of  any  other  star  yet  dis« 
covered  in  the  heavens. 


CPIAPTER  X 


On  the  Milky  Way* 


As  we  advance  in  our  survey  of  the  distant 
regions  of  the  universe,  t^ie  astonishing  gran- 
deur and  extent  of  the  sidereal  heavens  gra- 
dually opens  to  our  view.  We  have  hitherto 
considered  only  a  few  objects  on  the  outskirts 
of  the  heavens,  in  respect  to  their  distance, 
magnitude,  and  the  wonderful  complication 
of  systematic  motions  which  prevails  among 
them.  Had  we  no  other  objects  to  engage 
our  attention,  ages  might  be  spent  in  con- 
templating and  admiring  the  economy  and 
magnificence  of  those  starry  groups  which  ap- 
pear to  the  unaided  eye  on  the  nearer  bound- 
ary of  our  firmament.  But  all  this  is  visible 
to  man's  unassisted  vision  is  as  nothing  when 
(594) 


compared  with  the  immensity  of  august  and 
splendid  objects  which  stretch  themselves  in 
boundless  perspective  towards  infinity.  The 
discoveries  of  modern  astronomy  have  en- 
larged the  sphere  of  our  conceptions  far  beyonJ 
what  could  formerly  have  been  surmised,  and 
opened  to  view  a  universe  boundless  as  ifca 
Creator,  where  human  imagination  is  lost 
and  confounded,  and  in  which  man  appcsars 
like  a  mere  microscopic  animalculum,  and  his 
whole  habitation  as  a  particle  of  vapour  when 
compared  to  the  ocean.  In  contemplating 
the  visible  firmament  with  the  unassisted  eye, 
we  behold  only  the  mere  portals,  as  it  wp--*}, 
which  lead  to  the  interior  recesses  of  tt>£  vast 
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Temple  of  Creation.  When  we  direct  our 
views  beyond  these  outer  portals,  by  means  of 
the  most  powerful  telescopes,  we  obtain  a  view 
of  some  of  its  more  magnificent  porches,  and 
a  faint  glimpse  of  those  splendid  apartments 
which  we  shall  never  be  able  to  explore,  but 
which  lead  us  to  form  the  most  august  con- 
ceptions of  the  extent  and  grandeur  of  what 
is  concealed  from  our  view.  In  entering  this 
Temple  "not  made  with  hands,"  the  splen- 
dour of  its  decorations,  the  amplitude  of  its 
scale,  and  the  awfulness  of  infinitude,  forci- 
bly strike  the  imagination.  There  is  sufficient 
to  awaken  into  exercise  all  the  powers  and 
feelings  of  devotion,  and  to  excite  us  to  fall 
down  into  humility  and  adoration  before  Him 
whose  word  spoke  into  existence  this  astonish- 
ing fabric,  and  "  whose  kingdom  ruleth  over 
all."  These  reflections  may  not  appear  alto- 
gether unappropriate  when  entering  on  a  de- 
scription of  the  Milky  Way,  which  contains  ob- 
jects calculated  to  excite  our  highest  admiration. 
When  we  take  a  general  view  of  the  hea- 
vens about  the  months  of  August,  September, 
and  October,  and  during  the  winter  months, 
we  cannot  fail  observing  a  large,  irregular, 
whitish  zone  stretching  across  the  sky,  with 
a  few  interruptions,  from  one  end  of  the 
firmament  to  another.  This  mighty  zone,  thus 
stretching  itself  around  us,  is  sometimes 
termed  the  galaxy,  sometimes  the  Via  Lactea^ 
but  more  frequently,  in  plain  English,  the 
Milky  Way,  from  its  resemblance  to  the 
whiteness  of  milk.  This  luminous  band  is 
visible  to  every  observer,  and  is  the  only  real 
and  sensible  circle  in  the  heavens.  When 
traced  throughout  its  different  directions,  it  is 
found  to  encircle  the  whole  sphere  of  the  hea- 
vens, though  in  some  parts  of  its  course  it  is 
br-^ader  and  more  brilliant  than  in  others. 
It  forms  nearly  a  great  circle  of  the  sphere, 
but  it  coincides  neither  with  our  equator, 
ecliptic,  nor  colures,  nor  with  any  other  arti- 
ficial circles  which  we  conceive  as  drawn 
around  the  firmament.  In  all  ages,  so  far 
as  we  know,  this  wonderful  zone  has  retained 
the  same  position  among  the  constellations  as 
at  the  present  day,  and  is  frequently  alluded 
to  both  by  the  astronomers  and  the  poets  of 
antiquity.  Thus  Ovid,  on  account  of  its  lus- 
tre, represents  it  as  the  high  road  to  heaven, 
or  the  court  of  Jupiter  : 

"  A  way  there  is  in  heaven's  extended  plain. 
Which  when  the  skies  are  clear  as  seen  below, 
And  mortals  by  the  name  oi Milky  know  ; 
The  groundwork  is  of  stars,  through  which  the 
Lies  open  to  the  Thunderer's  abode."        [road 

And  Milton,  in  his  "  Paradise  Lost,"  alludes 
10  it  in  these  lines  : 

"A  broad  and  ample  road,  whose  dust  is  gold, 
And  pavement  stars,  as  stars  to  us  appear ; 
Seen  in  the  galaxy  that  Milky  Way, 
Like  to  a  circling  zone  powdered  with  stars." 


This  zone  maybe  traced  in  the  heavens  as 
follows: — Beginning  near  the  northern  quar- 
ter of  the  heavens,  at  the  head  of  Cepheus,  or 
about  30°  from  the  north  pole,  we  may  trace 
it  through  Cassiopeia,  Perseus,  Auriga,  part 
of  Orion,  and  the  feet  of  Gemini.  At  this  last 
point  it  crosses  the  Zodiac,  and  proceeding 
southward  across  the  equinoctial  into  the 
southern  hemisphere,  it  passes  through  the 
Unicorn  and  the  middle  of  the  ship  Argo. 
where  it  is  most  luminous.  It  then  passes 
through  Charles's  Oak,  the  feet  of  the  Cen- 
taur, the  Cross,  the  Altar,  the  tail  of  Scorpio, 
the  bow  of  Sagittarius,  and  apart  of  Ophiuchus, 
Here  it  separates  into  two  branches  as  it  passes 
again  over  the  Zodiac  into  the  northern  hemi- 
sphere. One  branch  runs  through  the  tail  of 
Scorpio,  the  bow  of  Sagittarius,  the  shield  of 
Sobieski,  the  feet  of  Antinous,  Aquila,  Del- 
phinus,  the  Arrow,  and  the  Swan.  The  other 
branch  passes  through  the  upper  part  of  the 
tail  of  Scorpio,  the  side  of  Serpentarius, 
Taurus  Poniatowski,  the  Goose,  and  the  neck 
of  the  Swan,  where  it  again  unites  with  the 
other  branch,  and  passes  on  to  the  head  of 
Cepheus,  the  place  of  its  beginning.  After 
sending  off  the  two  branches  above  mentioned, 
they  unite  again  after  remaining  separate  for 
the  space  of  more  than  100  degrees.  There 
is  another  small  separation  of  the  Milky  Stream 
between  Cassiopeia  and  Perseus.  The  two 
streams  appear  to  leave  a  blank  about  the 
head  of  Perseus,  and  a  considerable  space  on 
each  side  of  it,  to  the  extent  of  about  thirty 
degrees  in  length,  and  three  in  breadth,  and 
are  again  joined  into  one  stream  in  the  sword 
of  Perseus,  adjacent  to  Cassiopeia.* 

From  the  above  description  it  will  appear 
that  the  form,  breadth,  and  general  appearance 
of  this  zone  are  various  in  different  parts  of 
its  circuit  round  the  heavens.  In  some 
places  it  appears  dense  and  luminous,  in  others 
faint  and  scattered;  in  certain  points  it  ap- 
pears broad,  and  in  others  narrow.  Its  breadth 
in  some  places,  as  between  Auriga  and 
Perseus,  is  only  about  four  or  five  degrees  ; 
in  other  places,  as  in  the  southern  parts  of 
Scorpio,  Ara,  and  the  Cross,  its  breadth  is 
from  ten  to  fifteen  or  eighteen  degrees.  It 
assumes  the  appearance  of  a  double  path  from 
the  tail  of  the  Scorpion,  through  the  bow  of 
Sagittarius,  Antinous,  Aquila,  I'aurus  Ponia' 
towski,  the  Goose,  and  part  of  the  Swan.  It 
is  more  or  less  visible  at  every  season  of  the 
year;  but  in  Britain  and  in  other  northern  lati- 
tudes it  is  most  conspicuous  during  the  months 
of  August,  September,  and  October,  the  latter 
part  of  July,  and  the  beginning  of  November. 
About  the  middle  of  August,  at  nine  o'clock 
in  the  evening,  it  may  be  seen  stretching  in  an 

*  See  the  direction  of  this  zone  in  the  map  of 
the  stars  on  Mercator's  projection. 
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oblique  direction  over  the  heavens,  from  north- 
ea«t  to  south-west,  and  its  apparent  motion 
along  the  heavens  may  be  traced  along  with 
that  of  the  other  constellations.  At  other 
seasons  of  the  year,  and  at  other  hours  of  the 
night,  its  position  and  form  will  appear  some- 
wiiat  different.  It  appears  most  brilliant  in 
the  fcoiithern  hemisphere,  particularly  in  the 
neighbourhood  of  Argo,  Ara,  and  the  splendid 
constellation  of  the  Cross.  Between  the  tropics, 
where  the  atmosphere  is  clear  and  serene,  it 
appears  most  vivid  and  brilliant.  Mr.  Brydon 
informs  us  that,  from  the  top  of  Etna,  it  ap- 
peared "  like  a  pure  flame  that  shot  across  the 
heavens." 

The  ancients  seem  to  have  conjectured  that 
the  whiteness  of  this  zone  was  owing  to  a 
confluence  of  stars ;  for  Ovid,  in  the  lines 
above  quoted,  says,  "  Its  groundwork  is  of 
stars."  Soon  after  the  invention  of  the  tele- 
scope this  conjecture  was  confirmed,  and  as- 
tronomers were  astonished  at  the  number  of 
stars  which  appeared  in  this  bright  zone  of 
the  heavens ;  and  their  number  appeared  to  be 
increased  in  proportion  to  the  magnifying 
powers  of  their  telescopes,  But  it  was  not 
before  Sir  W.  Herschel  applied  his  powerful 
instruments  to  this  region  of  the  heavens 
that  its  profundites  were  explored,  and  all  its 
minute  nebulous  parts  shown  to  consist  of 
countless  myraids  of  stars,  of  every  apparent 
magnitude,  stretching  onward  to  the  regions 
of  infinity,  till  they  appeared  to  be  lost  to  the 
view,  even  when  assisted  by  the  largest  tele- 
scopes. On  first  presenting  telescopes  of  con- 
siderable power  to  this  splendid  zone,  we  are 
lost  in  amazement  at  the  number,  the  variety, 
and  the  beautiful  configurations  of  the  stars 
of  which  it  is  composed.  In  certain  parts  of 
it  every  slight  motion  of  the  telescope  presents 
new  groups  and  new  configurations,  and  the 
new  and  wondrous  scene  is  continued  over 
a  space  of  many  degrees  in  succession.  In 
several  fields  of  view,  occupying  a  space  not 
much  more  than  twice  the  breadth  of  the 
moon,  you  perceive  more  of  these  twinkling 
luminaries  than  all  the  stars  visible  to  the 
naked  eye  throughout  the  whole  canopy  of 
heaven.  You  seem  to  penetrate,  as  it  were, 
to  the  remoter  bounderies  of  creation,  and  feel 
bewildered  and  lost  amidst  the  immensity  of 
tiio  universe.  I  have  never  been  inspired 
with  higher  ideas  of  grandeur  and  sublimity, 
nor  felt  deep  ur  emotions  of  humility  and  rev- 
erence, than  when  occasionally  contemplating 
this  stupendous  scene  through  telescopes  of 
considerable  brilliancy  and  power.  There  is 
not  another  scene  in  creation,  open  to  the 
view  of  mortals,  calculated  to  fill  the  soul 
with  more  august  conceptions,  or  to  inspire 
it  with  more  profound  admiration  and  awe. 
in  such  surveys  we  behold  "  new  heavens" 
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and  other  firmaments  rising  to  view,  whose 
distances  baflSe  the  utmost  stretch  of  imagina- 
tion. 

"  O  what  a  confluence  of  ethereal  fire 

From  suns  unnumbered  down  the  steep  of  heaven 

Streams  to  a  point  and  centres  on  my  sight," 

The  following  contains  a  brief  summary  of 
Sir  W.  Herschei's  observations  on  this  region 
of  the  heavens,  made  with  a  Newtonian  re- 
flecting telescope  of  twenty  feet  focal  length 
and  an  aperture  of  eighteen  inches.  He  found 
that  this  instrument  completely  resolved  ail 
the  whitish  appearances  into  stars,  which  the 
telescopes  he  formerly  used  had  not  light 
enough  to  do.  The  portion  he  first  observed 
was  that  about  the  hand  and  club  of  Orion, 
and  he  found  in  this  space  an  astonishing 
number  of  stars,  whose  number  he  endea- 
voured to  estimate  by  counting  immj  fields  ; 
that  is,  the  apparent  space  in  the  heavens  he 
could  see  at  once  through  his  telescope,  and 
computing  from  a  mean  of  these  how  many 
may  be  contained  in  a  given  portion  of  the 
milky  way.  In  the  most  vacant  place  to  be 
met  with  in  that  neighbourhood  he  found  63 
stars;  other  six  fields  contained  110,  60,  70, 
90,  70,  and  74  stars,  a  mean  of  all  which  gave 
79  for  the  number  of  stars  to  each  field ;  and 
then  he  found  that,  by  allowing  fifteen  mi» 
nutes  for  the  diameter  of  his  field  of  view,  a 
belt  of  fifteen  degrees  long  and  two  broad, 
which  he  had  often  seen  pass  through  his 
telescope  in  an  hour's  time,  could  not  contain 
less  than  50,000  stars,  large  enough  to  be 
distinctly  numbered ;  besides  which  he  sus» 
pected  twice  as  many  more,  which  could  be 
seen  only  now  and  then,  by  faint  glimpses, 
for  want  of  suflGicient  Ught.  The  reader  may 
acquire  some  conceptions  of  this  immense 
number  of  stars  occupying  so  small  a  space, 
if  he  consider  that  it  is  fifty  times  more  than 
all  the  stars  which  the  naked  eye  can  discern 
at  one  time  throughout  the  whole  heavens, 
and  that  the  space  they  occupy  is  only  the 
yTjJyjth  part  of  the  visible  canopy  of  the  hea- 
vens ;  so  that  if  every  part  of  the  firmament 
were  equally  rich  in  stars,  there  would  be 
within  the  reach  of  such  a  telescope  as  Her- 
schel's  no  less  than  68,750,000,  or  sixty-eight 
millions,  seven  hundred  and  fifty  thousand 
stars.  And  we  are  fiirther  to  consider  that  it 
was  only  in  the  comparatively  "  vacant  places" 
of  this  zone  that  the  number  of  stars  above 
stated  were  perceived. 

In  some  of  his  observations  of  other  parts 
of  this  zone.  Sir  W.  Herschel  informs  us  that 
he  descried  a  much  greater  number  of  these 
luminaries  in  a  similar  extent  of  space.  "  In 
the  most  crowded  parts  of  the  Milky  Way," 
he  says,  "  I  have  had  fields  of  view  that  con- 
tained no  fewer  them  588  stars,  and  these 
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Wdte  continued  for  many  minutes,  so  that  in 
one  quarter  of  an  hour's  time  there  passed  no 
less  than  116,000  stars  through  the  field  of 
view  of  my  telescope."  Iiv  order  to  appre- 
ciate this  description,  we  are  to  suppose  the 
telescope  to  have  been  fixed  in  one  position 
at  the  time  of  observation,  and  that  by  the 
diurnal  motion  of  the  earth,  or  the  apparent 
motion  of  the  heavens,  the  first  field  of  stars 
was  gradually  carried  out  of  view,  and  other 
fields  appeared  in  succession,  till,  in  the  space 
of  fifteen  minutes  of  time  one  hundred  and 
sixteen  thousand  stars  passed  over  the  field 
of  vision.  Now,  the  field  of  view  taken  in 
by  the  telescope  was  only  15'  of  a  degree,  a 
space  which  is  less  than  the  one-fourth  part 
of  the  apparent  size  of  the  moon.  In  this 
narrow  field  were  seen  about  as  manj'-  stars 
as  are  generally  beheld  throughout  the  whole 
sky  by  the  naked  eye  in  a  clear  winter's 
nighty  for  although  nearly  a  thousand  stars 
might  be  seen  by  a  very  acute  eye  in  a  clear 
atmosphere,  yet  there  are  few  persons  that  in 
our  climate  could  distinctly  recognize  above 
600  or  700  stars  even  in  a  •  clear  night.  At 
another  time,  this  indefatigable  astronomer 
perceived  no  less  than  two  hundred  and  fifty- 
eight  thousand  stars  pass  before  his  view  in 
the  course  of  forty-one  minutes.  In  the  space 
between  ^  and  y  of  the  Swan,  the  stars  are 
found  clustering,  with  a  kind  of  division  be- 
tween them,  so  that  they  may  be  considered 
as  clustering  towards  two  different  regions. 
In  this  space,  taking  an  average  breadth  of 
about  five  degrees  of  it,  he  found  from  obser- 
vation that  it  contains  more  than  331,000  stars, 
which  gives  above  one  hundred  and  sixty- 
five  thousand  for  each  clustering  collection. 

Supposing  the  Milky  Way  to  be,  on  an 
average,  twelve  degrees  broad,  the  whole  of 
it  will  contain  an  area  of  4320  degrees  =  12 
X  360.  Now,  if  the  space  examined  by 
Herschel  between  Beta  and  Gamma  of  the 
Swan  be  about  fourteen  degrees  in  length  and 
five  degrees  in  breadth,  it  will  contain  an  area 
of  seventy  degrees,  which  is  somewhat  less 
than  the  ^Lgt  part  of  the  space  occupied  by 
the  Milky  Way.  Were  we  to  suppose  every 
part  of  this  zone  equally  rich  in  stars  as  the 
space  now  referred  to,  it  will  contain  no  less 
than  20,191,000  stars,  or  more  than  twenty 
thousand  times  the  number  of  those  which 
are  visible  to  the  naked  eye.  The  whole 
visible  heayens,  considered  as  a  spherical 
plane,  contains  an  area  of  41,253  degrees. 
Now,  could  we  suppose  every  portion  of  the 
firmament  to  be  equally  well  replenished  with 
stars  as  the  milky  zone,  there  would  be  more 
than  195,000,000*  of  stars  in  the  heavens 
discernible  by  such  a  telescope  as  Herschel's ; 

*  A\tSz   =  58923  X  331,000  =  195,067,757. 


but  as  there  are  comparatively  few  other  re* 
gions  of  the  heavens  so  densely  crowded  with 
stars  as  the  Milky  Way,  we  must  make  a 
certain  abatement  fiom  this  estimate,  though 
it  is  probable  there  are  more  than  one  hun- 
dred millions  of  stars  within  the  reach  of  our 
best  instruments  were  all  the  spaces  of  our 
firmament  thoroughly  explored;  and  future 
generations,  with  more  powerful  telescopes. 
may  add  indefinitely  to  the  number.  Had  we 
taken  the  most  crowded  field  of  stars  which 
Herschel  perceived  through  his  teiuscope 
(namely,  588)  as  our  standard  for  estimating 
their  number,  the  amount  of  stars  in  the 
Milky  Way  would  have  been  forty  millions, 
and  in  the  whole  heavens,  388  miUions.  In 
short,  to  use  the  words  of  Sir  John  Her- 
schel— "  This  remarkable  belt,  when  exam- 
ined through  powerful  telescopes,  is  found 
(wonderful  to  relate !)  to  consist  entirely  of 
stars  scattered  by  millions,  like  glittering  dust, 
on  the  bia«;k  ground  of  the  general  heavens." 
In  regard  to  the  distances  of  some  of  these 
stars,  we  may  easily  conceive  that  they  are 
immense,  and  consequently  far  removed  from 
our  distinct  comprehension.  Sir  W.  Her- 
schel, in  endeavouring  to  determine  a  ^'■sound- 
ing line^'^  as  he  calls  it,  to  fathom  the  depth 
of  the  stratum  of  stars  in  the  Milky  Way, 
endeavours  to  prove,  by  pretty  conclusive 
reasoning,  that  his  twenty  feet  telescope  pe- 
netrated to  a  distance  in  the  profundity  of 
space  not  less  than  497  times  the  distance  of 
Sirius ;  so  that  a  stratum  of  stars  amounting 
to  497  in  thickness,  each  of  them  as  far  dis- 
tant beyond  another  as  the  star  Sirius  is  dis- 
tant from  our  sun,  was  within  the  reach  of 
his  vision  when  looking  through  that  tele- 
scope. Now,  the  least  distance  at  which  we 
can  conceive  Sirius  to  be  from  the  earth  or 
the  sun  is  20,000,000,000,000,  or  twenty  bil- 
hons  of  miles;  and  consequently  the  most 
distant  stars  visible  in  his  telescope  must  be 
four  hundred  and  ninety-seven  times  this  dis- 
tance, that  is,  9,940,000,000,000,000,  or  nearly 
ten  thousand  billions  of  miles !  Of  such  im- 
mense distance  it  is  evident  we  can  form 
nothing  approaching  to  a  distinct  conception. 
We  can  only  approximate  to  a  rude  and  im- 
perfect idea  by  estimating  the  time  in  which 
the  swiflest  bodies  in  nature  would  move  over 
such  vast  spaces.  Light,  which  is  endowed 
with  the  swiftest  degree  of  motion  yet  known, 
and  which  flies  at  the  rate  of  nearly  twelve 
millions  of  miles  every  minute,  would  require 
one  thousand  six  hundred  and  forty  years  be- 
fore it  could  traverse  the  mighty  interval 
stated  above ;  and  a  cannon  ball,  fiying  at  the 
rate  of  500  miles  an  hour,  would  occupy  more 
than  2,267,855,068,  or  two  thousand,  two 
hundred  and  sixty-seven  milUons,  eight  hun- 
dred thousand  years,  in  passing  through  th« 
'597) 
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Bame  space  ! — a  period  of  years  before  which 
all  the  duration  that  has  passed  since  man 
was  placed  on  this  globe  appears  only  like  a 
few  fleeting  hours,  or  "  as  an  handbreadth  or 
a  span."* 

Here^  then,  let  us  pause  for  a  moment,  and 
consider  the  august  spectacle  presented  to 
view.  We  behold  a  few  whitish  spaces  in 
the  firmament,  almost  overlooked  by  a  com- 
mon observer  when  he  casts  a  rude  glance 
upon  the  evening  sky ;  yet  in  this  apparently 
irregular  belt,  which  appears  only  like  an  ac- 
cidental tinge  on  the  face  of  the  firmament, 
we  discover,  by  optical  instruments,  what  ap- 
pears to  be  an  amazing  and  boundless  uni- 
verse. We  behold  not  only  ten  thousands, 
but  millions  of  splendid  suns,  where  not  a 
single  orb  can  be  perceived  by  the  unassisted 
eye.  The  distance  at  which  these  luminous 
globes  are  placed  from  our  abode  is  altogether 
overwhelming;  even  the  most  hvely  imagina- 
tion drops  its  wing  when  attempting  its  flight 
into  such  unfathomable  regions.  The  scenes 
of  grandeur  and  magnificence  connected  with 
such  august  objects  are  utterly  overwhelming 
to  such  fi*ail  and  limited  beings  as  man,  and 
perhaps  even  more  exalted  orders  of  intelli- 
gences may  find  it  difficult  to  form  even  an 
approximate  idea  of  objects  so  distant,  so  nu- 
merous, and  so  sublime. 

On  our  first  excursions  into  the  celestial 
regions  we  are  almost  frightened  at  the  idea 
of  the  distance  of  such  a  body  as  Saturn, 
which  a  cannon  ball  projected  from  the  earth, 

*  The  celebrated  Schroeter,  of  Lilienthal,  was 
a  frequent  observer  of  the  stars  which  crowd  the 
Milky  Way.  He  was  in  the  habit  of  observing 
with  one  of  the  largest  reflecting  telescopes  to  be 
found  in  Europe.  This  telescope  was  one  of  the 
finest  ever  constructed,  and  was  the  workmanship 
of  Professor  .Schrader,  of  Kiel.  The  diameter  of 
the  speculum  was  about  nineteen  inches;  it  was 
about  two  inches  in  thickness,  and  towards  the 
edge  cast  conical,  so  that  the  diameter  of  the  po- 
lished surface  is  almost  a  quarter  of  an  inch  less 
than  at  the  back,  which  circumstance  was  consi- 
dered of  the  greatest  utility  in  the  finishing  and 
polishing.  It  had  a  focus  of  twenty-six  ^qqI,  and, 
without  the  frame,  weighed  eighty  pounds.  The 
large  octangular  tube  was  constructed  with  boards, 
made  impenetrable  to  rain;  and  the  instrument 
when  ready  for  use  was  twenty-seven  feet  long. 
An  immense  quantity  of  apparatus  and  machinery 
was  requisite  for  steadying  and  moving  it.  The 
figure  of  the  speculum  was  so  perfect,  that  it  could 
bear  a  power  of  800  or  1000  times  without  dimi- 
nishing the  aperture.  Its  capjibility  of  resolving 
the  nebulosity  of  the  Milky  Way  seems  to  have 
equalled  that  of  the  telescopes  of  ilerschel.  lie 
allowed  twenty  degrees  of  its  length  from  a  Cygni 
to  pass  through  the  field,  and  the  si«rht  drew  from 
him  the  natural  exclamation,  "  What  Omnipo- 
tence!"  The  power  on  the  telescope  in  such 
observations  was  179,  and  the  diameter  of  the 
field,  fifteen  minutes  ;  and  the  number  of  stars  it 
contained  at  once  could  never  be  counted.  They 
were  never  estimated  at  less  than  fifty  or  sixty, 
and  often  reached  or  exceeded  150.  He  calculated 
that  the  number  of  stars  visible  through  this  tele- 
Mope  could  not  be  less  than  12,000,000. 
/538) 


and  flying  with  its  utmost  velocity,  woi}]d  no! 
reach  in  180  years.  We  are  astonished  ai 
the  size  of  such  a  planet  as  Jupiter,  which 
could  contain  within  its  circumference  more 
than  a  thousand  globes  as  large  as  the  earth. 
W'e  are  justly  amazed  at  the  stupendous  mag- 
nitude ©f  the  sun,  which  is  a  thousand  times 
the  size  of  Jupiter,  and  which  illuminates  with 
its  splendour  a  sphere  of  more  than  five  thou- 
sand millions  of  miles  in  circumference.  But 
what  are  all  such  distances  and  dimensions, 
vast  and  amazing  as  they  are,  compared  with 
the  astonishing  grandeur  of  the  scene  before 
us]  They  sink  into  comparative  insignifi- 
cance, and  are  almost  lost  sight  of  amidst  the 
myriads  of  splendid  suns  which  occupy  the 
profundities  of  the  Milky  Way.  What  is  one 
sun  and  one  planetary  system  in  the  presence 
of  ten  millions  of  suns  perhaps  far  more  re- 
splendent, and  of  a  hundred  times  this  num- 
ber of  spacious  worlds  which  doubtless  revolve 
around  them?  Yet  this  scene,  stupendous 
as  it  is,  is  not  the  universe.  It  is  perhaps,  as 
we  shall  see,  only  a  comparatively  small  cor- 
ner of  creation,  which  beings  at  an  immensely 
greater  distance  will  behold  as  an  obscure 
and  scarcely  discernible  speck  on  the  out- 
skirts of  their  firmament;  so  that  amidst  this 
vast  assemblage  of  material  existence  we  may 
say,  in  the  language  of  the  inspired  prophet, 
when  speaking  of  the  Almighty,  that  even 
here  is  but  "  the  hiding  of  his  power."  What 
then  must  the  whole  of  creation  be  ?  and 
what  must  be  the  ineffable  splendour  and 
majesty  of  Him  who  laid  the  plan  of  the 
mighty  fabric,  whose  breath  kindled  so  many 
millions  of  suns,  whose  hands  set  in  motion 
so  many  myriads  of  rolling  worlds,  who  sup- 
ports them  in  their  ample  and  diversified 
courses,  and  whose  moral  government  extends 
over  all  ?  And  what  is  man,  and  the  globe 
on  which  he  dwells,  amidst  this  scene  of  im- 
mensity and  magnificence  1 — an  atom  in  the 
infinity  of  space— a  particle  of  vapour  com- 
pared to  the  ocean — a  being  who,  in  respect 
to  the  magnificence  of  creation  and  the  grandeur 
of  his  Creator,  is  "as  nothing,  and  is  counted 
to  him  as  less  than  nothing  and  vanity." 

Yet,  amidst  all  the  magnificence  of  this 
vast  system  of  universal  nature,  man  is  not 
forgotten  by  his  Maker;  his  hand  support ^j 
him,  his  wisdom  guides  him,  and  his  over- 
flowing goodness  provides,  in  a  thousand  dif- 
ferent  modes,  for  his  happiness  and  enjoyment. 
He  shares  of  the  Divine  beneficence  and  care 
in  common  with  all  the  bright  intelligences 
that  people  the  amplitudes  of  creation,  and  is 
as  amply  provided  for  as  if  the  Almighty  had 
no  other  world  under  his  superintendence. 
Within  the  moral  government  of  the  Crcai-^r 
of  the  universe  he  may  rest  secure  ajid  c»nfi- 
dent  that  he  is  not  overlooked  amidst  the  \m 
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m»',T;sity  of  being,  for  his  presence  pervades  this  hypothesis,  the  Milky  Way  is  to  be  con- 

the  infinity  of  space,  and  his  knowledge  ex-  siclered  as  the  projection  of  the  nebula  upon 

tends  to  tlie  minutest  movements  of  all  his  the  concave   surface  of  the  sky,  as  seen  from 

creatures.     Under  his  paternal  care,  not  only  a   point  within  it.     "  We   gather  this,"  says 

man,  but   the   crawding  worm,   the   fluttering  Sir  W.  Herschel,  "from  the  appearance  of  the 

insect,  the  little  ant,  and  even  the  microscopic  galaxy,  which  seems  to  encompass  the  whole 

animalculum,  find  a  home  and  provisions,  as  heavens,  as  it  certainly  must  do  il  the  sun  is 

well  as  the  highest  order  of  his  creatures ;  for  within  the   same  ;  for   suppose  a  number  of 

"he    openeth    his    hand    and    supplieth    the  stars    arranged   between  two  parallel    planes 

wants  of  every  living  being."  indefinitely   extended    every   way,  but   at    a 


Notwithstanding    the    size    of    the    Milky 
Way,  and  the  immense  number  of  stars  of 


given  considerable  distance  from  one  another, 
and    calling   this   a  sidereal  stratum,  an  eye 


which  it  is  composed,  it  is  now  considered  as  placed  somewhere  within  it  will  see  all  the 
nothing  more  than  one  of  the  nebulae,  or  stars  in  the  direction  of  the  planes  of  the 
starry  systems,  which  appears  to  be  dispersed,  stratum  projected  into  a  great  circle,  which 
throughout  the  universe.  It  is  supposed,  and  will  appear  lucid  on  account  of  the  accumu- 
with  some  reason,  tliat  it  is  the  nebula,  or  as-  lation  of  the  stars,  while  the  rest  of  the 
semblage  of  stars,  in  w^hicli  our  sun  is  placed,  heavens  at  the  sides  will  only  seem  to  be 
Its  situation  in  this  nebula  is  reckoned  to  be,  scattered  over  with  constellations,  more  or  less 
not  in  the  centre  of  its  thickness,  but  rather  crowded,  according  to  the  distance  of  the 
-towards  one  of  the  sides,  near  the  point  where  planes  or  number  of  stars  contained  in  the 
it  diverges  into  two  branches.     According  to    thickness  or  sides  of  the  stratum." 

Thus  if  the  solar  system 
be  supposed  at  *S',  in  the 
middle  of  the  nebula  ah  c 
d  e  f,  with  two  branches,  a 
c,  b  c,  (lig.  38,)  the  nebula 
will  be  projected  into  a 
circle  A  B  CD,  the  arches 
A  B  C,AE  C,  being  «he 
projection  of  the  branches 
a  c,  h  c,  while  the  stars 
near  the  sides  of  the  stratum 
will  be  seen  scattered  over 
the  remaining  part  of  the 
r^-,_^^=.r^  J  heavens  among  the  spaces 
^i?^'"i.5;.  *.  0,  F,  7,  i7,  iC,  G.  If  the  eye 
were  placed  somewhere 
without  the  stratum,  at  no 
ri  -'jTi  I  ■'  '  w  ^^"^^^  great  distance,  the  ap- 
.;jip;*'''  f\''  '..^  pearance  of  the  stars  with- 
%!«'Z^^!>'F^'^\  in  it  would  assume  the  form 
of  one  of  the  lesser  circles 
of  the  sphere,  which  would 
be  more  or  less  contracted 
according  to  the  distance  of 
the  eye;  and  if  this  dis- 
tance were  exceedingly  in- 
creased, the  whole  stratum 
might  at  last  be  drawn  to- 
gether into  a  lucid  spot  of 
any  shape,  according  to  Ihe 
position,  length,  and  height 
of  the  stratum. 

Jn  order  to  determine 
those  points,  Sir  M^.  Her- 
schel put  in  practice  a 
method  which  he  c^lhgaiLg- 
ing  the  heavens,  which  con- 
sists in  repeatedly  coundng 
the  number  of  stars  in  ih« 
fields  of  view  very  near  each 
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other,  b)'  which  he  obtained  a  mean  of  the  num- 
ber of  stars  in  that  part  of  the  heavens.  He  then 
proceeds  on  the  supposition  that  the  stars  are 
equally  scattered,  and  from  the  number  of  stars 
in  any  part  of  the  heavens  he  deduces  the 
length  of  his  visual  ray,  or  the  distance  through 
which  his  telescope  had  penetrated,  or,  in 
other  vi^ords,  the  distance  of  the  remotest  stars 
in  that  particular  region  of  the  heavens.  To 
illustrate  this,  let  us  suppose  the  Milky  Way 
a  nebula,  and  that  the  sun  is  not  placed  in  its 
centre.  Then,  on  the  supposition  that  the 
stars  are  nearly  equally  scattered,  it  is  evident 
that  the  part  of  the  Milky  Way  where  the 
stars  are  the  most  numerous  extend  farthest 
from  the  sun,  and  the  parts  where  they  are 
less  numerous  must  extend  to  a  less  distance. 
Proceeding  on  these  grounds.  Sir  W.  Her- 
schel  found  the  length  of  his  visual  ray  for 
different  parts  of  the  heavens.  In  some  cases 
he  found  it  equal  to  497  times  the  distance 
of  Sirius,  supposed  to  be  the  nearest  star,  as 
formerly  stated.  The  following  is  a  repre- 
sentation of  a  section  of  the  nebula  of  the 
Milky  Way,  according  to  his  delineation. 
This  section  is  one  which  makes  an  angle  of 
thirty-five  degrees  with  our  equator,  crossing 
it  in  1243  and  304^  degrees.  A  celestial 
globe  adjusted  to  the  latitude  of  fifty-five  de- 
grees north,  and  having  <r  Ceti  near  the  me- 
ridian, will  have  the  plane  of  this  section 
pointed  out  by  the  horizon.  If  the  solar 
system  (fig.  39)  be  at  >S,  the  brightness  of  the 
Milky  Way  will  be  greatest  in  the  directions 
S  a,  Sb,  Sp,  where  the  stars  that  intervene 
are  most  numerous,  or  where  the  visual  ray 
i^  longest.  In  the  lateral  directions  Sn,  S  nij 
the  nebulosity  will  not  appear  from  the  small 
number  of  interposing  stars,  and  the  stars, 
though  numerous,  will  appear  more  scattered. 
In  the  direction  S  c,  on  account  of  the  open- 
mg  between  a  and  b,  there  will  be  an  empty 
space  contained  between  these  two  branches 
where  the  nebulosity  is  not  observed,  as  is  the 
case  in  the  Milky  Zone  between  u,  Scorpio  in 
the  south  and  y  Cygni  in  the  north,  a  length 
of  about  102  degrees.  The  stars  in  the  bor- 
der, which  are  marked  larger  than  the  rest, 
are  those  pointed  out  by  the  gauges ;  the  in- 
termediate parts  are  filled  up  by  smaller  stars 
arranged  in  straight  lines  between  the  gauged 
ones.  The  circle  around  S  represents  an  ex- 
tent about  forty  times  the  distance  of  the 
nearest  fixed  stars,  which  may  be  considered 
as  comprehending  all  those  which  are  visible 
to  the  naked  eye. 

"From  this  figtire,"  says  Sir  W. Herscbel, 
"we  may  see  that  our  nebula  is  a  very  exten- 
sive branching,  compound  congeries  of  many 
anillions  of  stars,  which  most  probably  owes 
its  origin  to  many  remarka])ly  large,  as  well 
®s  pretty  closely  scattered  small  stars  that 
(600) 


may  have  dravm  .ogether  ihe  rest."  Again-— 
<*  If  it  were  possible  to  distinguish  between 

Fig.  39. 


the  parts  of  an  indefinitely  extended  wholej, 
the  nebula  we  inhabit  might  be  said  to  be  on© 
that  has  fewer  marks  of  antiquity  than  any  of 
the  rest.  To  explain  this  idea  more  clearly, 
we  should  recollect  that  the  condensation  of 
clusters  of  stars  has  been  ascribed  to  a  gradual 
approach ;  and  whoever  reflects  on  the  num- 
ber of  ages  that  must  have  passed  before  som© 
of  the  clusters  that  are  to  be  found  in  my  in- 
tended catalogue  could  be  so  far  condensed  as 
we  find  them  at  present,  will  not  wonder  if  I 
ascribe  a  certain  air  of  youth  and  vigour  to  very 
many  regularly  scattered  regions  of  our  side* 
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real  stratum.  There  aie,  moreover,  many 
places  in  it  in  which,  if  we  may  judge  from 
some  appearances,  there  is  the  greatest  reason 
to  believe  that  the  stars  are  drawing  towards 
secondary  centres,  and  will  in  time  separate 
into  clusters  so  as  to  occasion  many  subdivi- 
sions. Our  system,  after  numbers  of  ages, 
may  very  possibly  become  divided  so  as  to 
give  rise  to  a  stratum  of  two  or  three  hundred 
nebulae  ;  for  it  would  not  be  difficult  to  point 
out  so  many  beginning  or  gathering  clusters 
in  it.  This  throws  considerable  light  upon 
th-at  lemarkable  collection  of  many  hundreds 
of  nebulra  which  are  to  be  seen  in  what  I  have 
called  the  nebulous  stratum,  in  Coma  Bere- 
nices. It  appears  from  the  branching  and  ex- 
tended figure  of  our  nebulas,  that  there  is 
room  for  the  decomposed  small  nebulse  of  a 
large  reduced  former  great  one  to  approach 
nearer  to  us  in  the  sides  than  in  any  other 
parts."  ....  "  Some  parts  of  our  system 
seem  indeed  already  to  have  sustained  greater 
ravages  of  time  th^n  others ;  for  instance,  in 
the  body  of  the  Scorpion  is  an  opening,  or 
hole,  which  is  probably  owing  to  this  cause. 
It  is  at  least  four  degrees  broad,  but  its  height 
I  have  not  yet  ascertained.  It  is  remarkable 
that  the  80th  nebula  of  the  Connoissance  des 
Temps,  which  is  one  of  the  richest  and  most 
compressed  clusters  of  small  stars  I  remember 
to  have  seen,  is  situated  just  on  the  west  bor- 
der of  it,  and  would  almost  authorize  a  sus- 
picion that  the  stars  of  which  it  is  composed 
were  collected  from  that  place,  and  had  left 
the  vacancy." 

The  remarks  in  the  above  paragraph  I 
present  to  the  reader  merely  as  the  opinions 
of  an  illustrious  astronomer  and  an  indefati- 
gable observer  of  celestial  phenomena,  with- 
out vouching  for  the  accuracy  or  probability  of 
such  speculations  and  hypotheses.  To  de- 
termine the  reality  of  such  changes  in  bodies 
so  numerous  and  so  distant,  would  require  an 
indefinite  lapse  of  ages ;  yea,  perhaps  the  re- 
volutions of  eternity  are  alone  sufficient  for 
determining    the    sublime    movements   and 


changes  which  happen  among  the  immense 
assemblages  of  material  existence  which  con- 
stitute the  universe.  There  is  a  high  degree 
of  probability  that  every  thing  within  the 
material  system  is  liable  to  change  of  one 
kind  or  other,  and  that  there  is  no  sun  nor 
world,  among  all  the  myriads  of  globes  which 
replenish  the  sidereal  heavens,  but  what  is 
actually  in  motion,- — and  moving,  too,  witli 
a  velocity  which  the  inhabitants  of  such  a 
world  as  ours  can  scarcely  appreciate  ;  and 
such  motions,  in  the  course  of  ages,  may  be 
productive  of  a  vast  diversity  of  scenery  in 
different  regions  of  the  universe.  Auvl  if  so, 
it  presents  to  view  another  instance  of  that 
variety  which  the  Creator  has  introduced 
into  his  universal  kingdom  to  gratify  the  un- 
bounded desires  of  intelligent  beings. 

I  shall  conclude  this  chapter  with  the 
following  description  of  the  Milky  Way,  which 
Sir  John  Herschel  has  pubhshed  since  his 
residence  in  the  southern  hemisphere : — "  The 
general  aspect  of  the  southern  circumpolar 
region — including  in  that  expression  sixty  or 
seventy  degrees  of  south-polar  distance — is  in  a 
high  degree  rich  and  magnificent,  owing  to  the 
superior  brilliancy  and  larger  developement 
of  the  Milky  Way,  which  from  the  constella- 
tion of  Orion  to  that  of  Antinous  is  in  a  blaze 
of  light,  strangely  interrupted,  however,  with 
almost  starless  patches,  especially  in  Scorpio, 
near  a,  Centauri,  and  the  Cross  ;  while  to  the 
north  it  fades  away  pale  and  dim,  and  is  in 
comparison  hardly  traceable.  I  think  it  is 
impossible  to  view  this  splendid  zone,  with  the 
astonishingly  rich  and  evenly  distributed  fringe 
of  stars  of  the  third  and  fourth  magnitudes — 
which  form  a  broad  skirt  to  its  southern  bor- 
der, like  a  vast  curtain — without  an  impres- 
sion amounting  almost  to  a  conviction,  that 
the  Milky  Way  is  not  a  mere  stratum,  but  an 
annulus  ;  or  at  least  that  our  system  is  placed 
within  one  of  the  poorer  or  almost  vacant  parts 
of  its  general  mass,  and  that  eccentrically,  so 
as  to  be  nearer  to  the  parts  about  the  Cross 
than  to  that  diametrically  opposed  to  it." 


CHAPTER  XL 


On  Groups  and  Clusters  of  Sfars^ 


On  a  cursorj'-viewof  the  heavens,  the  stars 
appear  to  be  very  irregularly  scattered  over 
the  concave  of  the  firmament.  In  some  places 
a  considerable  interval  appears  between  neigh- 
bouring stars,  while  in  others  they  appear  so 
crowded  that  the  eye  can  with  difficulty  per- 
ceive the  spaces  between  them.  Even  to  the 
unassisted  eye,  there  are  certain  groups  of  this 
description  which  strike  the  attention  of  every 
76 


obsei*ver,  and  lead  to  the  conclusion  that  the 
stars  of  which  they  are  composed  have  been 
brought  together  by  some  general  law,  and 
not  by  mere  casual  distribution.  Of  these, 
the  group  called  the  Pleiades,  or  Seven  Stars, 
is  the  most  obvious  to  common  observers* 
This  group  is  situated  in  the  constellation 
Taurus,  about  14°  to  the  wet^twaid  of  the 
star  Aidebaran  (see  Plate  I.,)  anil  may  be  seei. 
3  E  (601) 
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every  clear  evening  fro  n  the  end  of  August 
till  the  middle  of  April.*  It  is  generally 
reckoned  that  only  six  stars  can  be  distinctly 
counted  in  tiiis  group  by  common  eyes,  but 
that  originally  they  consisted  oi  seven,  which 
every  one  could  easily  perceive,  and  it  has 
therefore  been  conjectured  that  one  of  them  has 
long  since  disappeared.  To  this  circumstance 
Ovid,  who  lived  in  the  time  of  our  Saviour, 
alludes  in  these  lines : 

"  Now  rise  the  Pleiades,  those  nymphs  so  fair 
Once  seven  numbered,  now  bat  six  there  are."t 

In  fabulous  history  it  is  said  that  the  Pleia- 
des the  star  Merope,  one  of  the  Atlantides,  ap- 
pears more  dim  and  obscure  than  the  rest,  or 
is  altogether  extinquished,  because  as  the 
poets  fancy,  she  married  a  mortal,  while  her 
sisters  married  some  of  the  gods  or  their  de- 
scendants. Dr.  Long,  however,  declares  that 
he  himself  had  more  than  once  seen  seven 
stars  in  this  group ;  and  a  learned  astronomi- 
cal friend  assured  him  that  he  had  seen  eight 
stars  among  the  Pleiades,  where  common  eyes 
can  discover  but  six ;  and  Kepler  says  of  his 
tutor  Maestlinus,  that  "  he  could  reckon  four- 
teen stars  in  the  Pleiades  without  any  glasses." 
This  difference  in  the  number  seen  by  differ- 
ent persons  in  this  group  is  obviously  ow- 
ing to  the  different  degrees  of  acuteness  of 
vision  possessed  by  the  respective  individuals. 
However  small  the  number  perceived  by  the 
naked  eye,  the  telescope  shows  them  to  be  a 
pretty  numerous  assemblage.  Dr.  Hook, 
formerly  professor  of  geometry  in  Gresham 
College,  informs  us  that,  directing  his  twelve- 
feet  telescope  (which  could  magnify  only 
about  seventy  times)  to  tlie  Pleiades,  he  did 
in  that  small  compass  count  seventy-eight 
stars ;  and  making  use  of  longer  and  more 
perfect  telescopes,  he  discovered  a  great  many 
more  of  different  magnitudes. 

The  ingenious  Mr.  Mitchell,  more  than  fifty 
years  ago,  started  the  idea  of  the  stars  being 
formed  into  groups  or  systems  which  are  en- 
tirely detached  from  one  another,  and  have 
no  immediate  connexion.  In  reference  to  the 
Pleiades,  he  conducted  his  reasoning  as  fol- 
lows : — "  The  Pleiades  are  composed  of  six 
remarkable  stars,  which  are  placed  in  the 
midst  of  a  number  of  others  that  are  all  be- 
tween the  third  and  sixth  magnitudes ;  and 
comparing  this  number  six  with  the  whole 
number  visible  in  the  heavens  to  the  naked 
eye,  he  calculated,  by  the  doctrine  of  chances 
tha.t  among  all  this  number,  if  they  had  been 
dispersed  arbitrarily  through  the  celestial  vault, 
it  was  about  five  hundred  millions  to  one  that 
six  of  them  should  be  placed  together  in  so 
small  a  space.  It  is  therefore  so  many  chances 

♦  A  telescopic  view  of  the  Pleiades  is  exhibited 
to  the  Appendix. 
■V  "  Quae  septem  dici,  sex  tamen  esse  solenr." 
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to  one  that  this  distribution  was  the  rosylt  cH 
design,  or  that  there  is  a  reason  or  cause  io. 
such  an  assemblage." 

The  constellation  called  Coma  Bei^enices  is 
another  group,  more  diffused  than  the  Plei- 
ades, which  consists  chiefly  of  small  stars 
which  can  scarcely  be  distinguished  in  the 
presence  of  the  moon.  This  beautiful  clu.?ter 
lies  about  five  degrees  east  of  the  equinoctial 
colure,  and  midway  between  the  star  Cor 
Caroli  on  the  north-east,  and  Denebola,  in 
the  Lion's  tail,  on  the  south-west.  If  a 
straight  line  be  drawn  from  Benetnasch — the 
star  at  the  extremity  of  the  tail  of  the  Great 
Bear — through  Cor  Caroli,  and  produced  to 
Denebola,  it  will  pass  through  this  cluster.  It 
may  also  be  distinguished  as  situated  about 
twenty-six  degrees  west  by  north  from  the 
bright  star  Arcturus.  The  confused  lustre 
of  this  assemblage  of  small  stars  bears  a  cer- 
tain resemblance  to  that  of  the  Milky  Way, 
and,  besides  the  stars  of  which  it  is  chiefly 
composed,  it  contains  a  number  of  nebulae. 
Sir  W.  Herschel  supposes  that  the  stratum 
of  nebulae  in  this  quarter  runs  out  a  veiy  con- 
siderable way,  and  that  it  may  even  make  the 
circuit  of  the  heavens,  though  not  in  one  of 
the  great  circles  of  the  sphere.  He  also  sup- 
poses that  the  situation  of  the  stratum  is 
nearly  at  right  angles  with  the  great  sidereal 
stratum  in  which  the  sun  is  placed,  that  the 
Coma  itself  is  one  of  the  clusters  in  it,  and 
that  it  is  on  account  of  its  nearness  that  it  ap- 
pears to  be  so  scattered.  He  apprehends  thai 
the  direction  of  it  tow^ards  the  north  lies  pro- 
bably, with  some  windings,  through  the  Great 
Bear  onwards  to  Cassiopeia,  thence  through 
the  girdle  of  Andromeda  and  the  Northern 
Fish,  proceeding  towards  Cetus;  while  to- 
wards the  south  it  passes  through  the  Virgin, 
probably  on  to  the  tail  of  Plydra  and  Cen- 
taurus. 

Another  group,  somewhat  similar,  but  less 
definite,  is  found  in  the  constellation  of  Can- 
cer; it  is  called  Pr^sejoe,.  or  the  Bee  Hive, 
and  is  a  nebulous  cluster  of  very  minute  stars, 
not  separately  distinguishable  by  the  naked 
eye.  A  telescope  of  very  moderate  power, 
however,  easily  resolves  it  into  small  stars.  It 
is  sufficiently  luminous  to  be  seen  as  a  nebu- 
lous speck  by  the  unassisted  eye,  and  is  some- 
what like  the  nucleus  of  a  comet,  for  which  it 
has  frequently  been  mistaken  by  ordinary  ob- 
servers. It  is  situated  in  a  triangular  position 
with  regard  to  Castor  and  Procyon,  or  the 
Little  Dog.  A  line  drawn  from  Procyon  in 
a  north-easterly  direction  meets  with  PrEesepe 
at  the  distance  of  twenty  degrees.  This  line, 
drawn  in  a  north-westerly  direction  from  Prae^ 
sepe,  meets  Castor  at  the  same  distance 
These  lines  form  nearly  a  right  angle,  the 
angular   point   being   in    PraDsepe.     It    may 


Hosted  by  Google 


GROUPS  OF  STARS. 


otliPiwise  be  discovered  by  means  of  two  stars 
of  the  fourth  magnitude  lying  one  on*  either 
side  of  it  at  the  distance  of  about  two  degrees. 
It  may  likewise  be  found  by  conceiving  a  line 
drawn  through  Castor  and  Pollux  to  the  south- 
east, and  continued  about  fifteen  degrees,  or 
three  times  the  distance  between  Castor  and 
Pollux.  This  cluster,  Sir  W.  Herschel  thinks, 
belongs  to  a  certain  nebulous  stratum  so 
placed  as  to  lie  nearest  us.  This  stratum 
runs  from  ?  Cancri  towards  the  south,  over 
the  67th  nebula  of  the  Connoissance  dts 
Temps,  which  is  a  very  beautiful  and  much 
compressed  cluster  of  stars,  easily  to  be  seen 
by  any  good  telescope,  and  in  which  he  has 
observed  above  200  stars  at  once  in  the  field 
of  view  of  his  great  reflector,  with  a  power  of 
157.  This  cluster  appearing  so  plainly  with 
any  good  common  telescope,  and  being  so 
near  to  the  one  which  may  be  seen  with  the 
naked  eye,  denotes  it  to  be  probably  the  next 
in  distance  to  that  within  the  quartile  formed 
by  y  6  »y  (9.  From  the  67th  nebula,  the  stra- 
tum of  Cancer  proceeds  cowards  the  head  of 
Hydra. 

I  have  seldom  contemplated  a  more  bril- 
liant and  beautifiil  view  in  the  heavens  than 
one  of  the  fields  of  view  of  this  cluster  of  stars. 
With  a  3^  feet  achromatic,  and  a  power  of 
95, 1  have  counted  from  fifty  to  seventy  stars. 
Fifteen  or  twenty  of  the  most  brilliant  of 
these  presented  beautiful  configurations  :  one 
of  them  was  an  equilateral  triangle  ;  another, 
an  isoscelus ;  a  third,  nearly  of  the  figure  of 
a  cone  ;  a  fourth,  parallel  lines,  &c.  In  more 
than  two  instances,  three  brilliant  equi-distant 
stars  appeared  in  a  straight  Hne,  similar  to 
the  belt  of  Orion,  while  a  considerable  num- 
ber of  the  remaining  stars  appeared  extremely 

Fig.  40. 


of  110,  this  view  was  rendered  still  more  bril- 
liant. Several  fields  of  view,  nearly  of  this 
description,  may  be  perceived  in  this  chister. 
Fig.  40  represents  one  of  these  views,  in  which 
some  of  the  smaller  stars  are  omilted.  T\\is 
view  was  taken  with  the  3^  feet  telescope, 
having  an  erect  eye-piece.  The  configura- 
tions  appear  somewhat  different  in  their  reia 
tions  to  each  other  when  viewed  with  an  in- 
verting eye-piece. 

Another  cluster  is  found  in  the  sword-han- 
dle of  Perseus,  which  is  crowded  with  stars 
of  a  smaller  size  than  in  the  clusters  alrea  ly 
noticed,  and  which  requires  a  telescope  of 
greater  power  to  resolve  them  and  show  them 
separated  from  each  other.  Perseus  i^  one 
of  the  northern  circumpolar  constellations, 
nearly  opposite  to  the  three  stars  in  the  tail 
of  the  Great  Bear.  A  line  drawn  from  these 
stars  through  the  Pole-star  meets  the  sword 
and  head  of  Perseus  at  nearly  an  equal  dis- 
tance on  the  opposite  side.  It  is  directly 
north  of  the  Pleiades,  between  Andromeda 
and  Auriga.  The  sword  is  in  the  neighbour- 
hood of  Cassiopeia.  A  line  drawn  from  Al- 
genii),  the  brightest  star  in  this  constellation, 
to  the  middle  of  Cassiopeia,  passes  through 
the  sword-handle  where  the  cluster  is  situated, 
which  is  about  midway  between  these  two 
objects. 

If  the  lowermost  of  the  three  small  stars 
which  form  the  swoi^d  of  Orion  be  viewed 
with  a  good  telescope,  a  beautiful  configura- 
tion of  stars  will  be  perceived.  Fig.  4-1*  re- 
presents the  principal  stars  comprehended  in 
one  field  of  view  at  this  point,  as  taken  with 
a  six  feet  and  a  half  telescope,  with  an  in- 
verting eye-piece,  magnifying  110  times;  it 
exhibits  a  distant  resemblance  of  the  whole 

Fig.  41.* 


small.     With  a  6^  feet  achromatic,  whose    constellation  of  Orion  as  seen  by  the  naked 
objec'  glass  is  4  inches  diameter,  and  a  power    eye.     But  in  the  neighbourhood  of  certain 
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parts  of  the  Milky  Way,  particularly  about  the 
regions  in  the  vicinity  of  the  star  Altair  and 
in  the  constellation  Cassiopeia,  the  stars, 
though  smaller,  are  much  more  numerous. 
With  a  very  moderate  povi^er  on  the  above 
mentioned  telescope,  I  have  had  fields  of  view 
of  from  fifty  to  a  hundred  stars,  some  of  them 
beautifiilly  arranged,  and  such  fields  conti- 
nued o^'er  a  space  of  several  degrees. 

The  above  may  be  considered  as  speci- 
mens of  groups  of  stars,  which  every  one  pos- 
sessed of  telescopes  may  easily  examine  for 
himself.  They  form  very  beautiful  objects  for 
exhibiting  to  young  people  and  to  amateurs 
in  astronomy;  and  it  cannot  but  strike  the 
mind  with  wonder  and  admiration  to  behold, 
in  one  point  of  view,  within  a  space  little 
more  than  that  of  the  one-fifth  of  the  appa- 
rent size  of  the  moon,  nearly  a  hundred  re- 
splendent suns  emitting  their  eflTulgence  from 
regions  immeasurably  distant,  and  arranged 
in  beautiful  S3"mmetry  and  order — a  scene  of 
creating  power  surpassing  in  grandeur  ten 
thousand  worlds  such  as  ours,  and  in  which 
our  whole  planetary  system  would  appear 
only  as  the  smallest  twinkling  star.  Such 
telescopic  views  of  the  nocturnal  heavens 
have  a  tendency  to  expand  the  capacity  of 
the  soul,  to  inspire  it  with  magnificent  con- 
ceptions, and  to  raise  its  affections  above  the 
low  ambition  and  paltry  concerns  of  this  tran- 
sitory scene  to  the  distant  and  more  magnifi- 
cent scenes  of  the  Divine  empire.  To  the 
devout  and  contemplative  philosopher  the  fol- 
lowing lines  of  the  poet  may  be  applied : 

*'  Not  to  this  evanescent  speck  of  earth 
Poorly  confined — the  radiant  tracks  on  high 
Ave  his  exalted  range;  intent  to  gaze 
Creation  through,  and  fronn  that  fnll  complex 
Of  never-ending  wonders  to  conceive 
Of  the  sole  Being  right,  who  spoke  the  word, 
And  Nature  moved  complete." 

Thomson's  Summer. 

Sir  W.  Herschel  makes  a  distinction  be- 
tween groups  and  clusters  of  stars.  A  group 
is  a  collection  of  stars  closely  and  almost 
equally  compressed,  and  of  any  figure  or  out- 
line. There  is  no  particular  condensation  of 
the  stars  to  indicate  the  existence  of  a  central 
force,  and  the  groups  are  sufficiently  separated 
from  neighbo\iring  stars  to  show  that  they  form 
peculiar  systems  of  their  own.  According  to 
this  definition,  the  congeries  of  stars  I  have 
j>ointed  out  above  are  to  be  considered  as  be- 
longing to  the  class  of  groups.  Clusters  of 
stars  differ  from  groups  in  their  beautiful  and 
artificial  arrangement.  Their  form  is  gene- 
rally round,  and  their  condensation  is  such  as 
to  produce  a  mottled  lustre  somewhat  resem- 
bling a  lucleus.  The  whole  appearance  of 
a  cluster  indicates  the  existence  of  a  central 
force,  residing  either  in  a  body  or  in  the  centre 
cf  gravity  of  the  whole  system.  The  stars  of 
(604^ 


which  it  is  composed  appear  more  and  mora 
accumulated  towards  the  centre. 

Many  such  clusters  are  found  in  the 
heavens  invisible  to  the  naked  eye,  and  whose 
existence  as  dim  specks  of  light  can  only  be 
recognized  by  the  assistance  of  optical  instru» 
ments.  Telescopes  of  moderate  power  exhibit 
them  only  as  small  round  or  oval  specks, 
somewhat  resembling  comets  without  tails ; 
but  when  these  objects  are  examined  with 
telescopes  of  great  power,  *'  they  are  then,"  as 
Sir  John  Herschel  remarks, "  for  the  most  part, 
perceived  to  consist  entirely  of  stars  crowded 
together  so  as  to  occupy  almost  a  defimte  out- 
line, and  to  run  up  to  a  blaze  of  light  in  the 
centre,  where  their  condensation  is  usually 
the  greatest."  "  Many  of  them,  indeed,  are 
of  an  exactly  round  figure,  and  convey  the 
complete  idea  of  a  globular  space  filled  full  of 
stars,  insulated  in  the  heavens,  and  consti- 
tuting in  itself  a  family  or  society  apart  from 
the  rest,  and  subject  to  its  own  internal  laws. 
It  would  be  a  vain  task  to  attempt  to  count 
the  stars  in  one  of  these  globular  cluster's. 
They  are  not  to  be  reckoned  by  hundreds  | 
and  on  a  rough  calculation,  grounded  on  the 
apparent  intervals  between  them  at  the  bor-* 
ders  (where  they  are  seen  not  projected  on 
each  other)  and  the  angular  diameter  of  the 
whole  group,  it  would  appear  that  many  clus- 
ters of  this  description  must  contain  at  least 
ten  or  twenty  thousand  stars,  compacted  and 
wedged  together  in  a  round  space,  whose  an- 
gular diameter  does  not  exceed  eight  or  ten 
minutes — that  is  to  say,  in  an  area  not  more 
than  a  tenth  part  of  that  covered  by  the 
moon."  The  stars  composing  such  clusters 
appear  to  form  a  system  of  a  peculiar  and 
definite  character.  "  Their  round  figure  clear- 
ly indicates  the  existence  of  some  general 
bond  of  union  in  the  nature  of  an  attractive 
force,  and  in  many  of  them  there  is  an  evi- 
dent acceleration  in  the  rate  of  condensation 
as  we  approach  the  centre,  which  is  not  refer- 
able to  a  merely  uniform  distribution  of  equi- 
distant stars  through  a  globular  space,  but 
marks  an  intrinsic  density  in  their  state  of 
aggregation,  greater  at  the  centre  than  at  the 
surface  of  the  mass." 

Let  the  reader  pause  for  a  moment  on  the 
object  now  described,  and  consider  the  glimpse 
it  affords  us  of  the  immensity  of  the  universe, 
and  of  the  innumerable  globes  of  light  with 
which  it  is  replenished.  A  point  in  the  firma- 
ment, scarcely  perceptible  to  the  unassisted 
eye,  which  a  common  telescope  shows  only  as 
a  small  dim  round  speck,  yet  is  found  by 
powerful  instruments  to  consist  entirely  of 
stars  to  the  number  of  ten  or  twenty  thousand/ 
And  at  what  a  distance  must  such  a  clustc 
be  when  its  stars  appear  to  be  blended  anu 
projected  one  upon  another,  hundreds  of  *hem 
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appearing  only  like  a  lucid  point !  and  yet  the 
(iistaiice  between  any  two  of  them  is  perhaps 
ten  thousand  times  greater  than  that  of  Saturn 
from  our  globe.  From  such  a  region  even 
light  itself  must  take  many  thousands  of  years 
ere  it  can  reach  our  world.  In  this  almost  in- 
visible point,  which  not  one  out  of  fifty  thou- 
sand, or  even  one  out  of  a  million  of  earth's 
inhabitants  has  yet  perceived,  what  a  scene 
of  grandeur  and  beneficence  may  be  displayed; 
and  what  a  confluence  of  suns,  and  systems, 
and  worlds  and  intelligences  of  various  orders, 
may  exist,  displaying  the  power  and  wisdom 
and  goodness  of  the  great  Father  of  all! 
Every  circumstance  connected  with  such  an 
object  shows  that  its  distance  must  be  im- 
measurably great,  and  consequently  the  lumi- 
naries of  which  it  is  composed  immense  in 
magnitude.  But  suns  of  such  size  and  splen- 
dour cannot  be  supposed  to  be  thrown  together 
at  random  through  the  regions  of  infinity, 
without  any  ultimate  design  worthy  of  the 
Creator,  or  without  relation  to  the  enjoyments 
of  intelligent  existence  ;  and  therefore  we  may 
reasonably  conclude  that  ten  thousand  times 
ten  thousands,  and  myriads  of  myriads  of  ex- 
alted intelligences  exist  in  that  far  distant  re- 
gion, compared  with  the  number  of  which  all 
the  inhabitants  of  our  globe  are  but  "  as  the 
drop  of  a  bucket,  or  as  the  small  dust  of  the 
balance." 

In  short,  in  this  dim  and  almost  impercepti- 
ble speck  we  have  concentrated  a  confluence 
of  suns  and  worlds,  at  least  ten  times  surpass- 
ing in  size  and  splendour  the  sun,  moon,  and 
planets,  and  all  the  stars  visible  to  the  naked 
eye  throughout  all  the  spaces  of  our  firma- 
ment! What  then  must  be  the  number  and 
magnitude  of  all  the  other  clusters  which  the 
telescope  has  brought  to  view?  what  the 
number  of  those  which  lie  beyond  the  limits 
of  human  vision  in  the  unexplorable  regions  of 
immensity  1  and  what  must  the  universe 
itself  be,  of  which  all  those  numerous  starry 
systems  are  but  an  inconsiderable  part  ?  Here 
the  human  faculties  are  completely  lost  amidst 
the  immensity  of  matter,  magnitude,  motion, 
and  intelligent  existence,  and  we  can  only 
exclaim,  "  Great  and  marvellous  are  thy  works, 
Lord  God  Almighty !" 

Figure  41  represents  a  view  of  one  of  the 
clusters  alluded  to  above,  as  seen  in  the  twenty- 
feet  reflector  at  Slough.  Sir  J.  Herschel,  who 
has  given  a  delineation  of  it  in  his  "  Treatise 
on  Astronomy,"  says  *'  it  represents,  some- 
what rudely,  the  thirteenth  nebula  of  Mes- 
sier's  list,  described  by  him  as  nebuleuse  sans 
etoilesy  Its  right  ascension  is  16^  36'; 
and  its  north  declination,  36°  46' ;  by  which 
its  place  may  easily  be  found  on  a  celestial 
globe.  It  is  situated  on  the  constellation  Her- 
cules, between  the  stars  y^  and  f  -     These  stars 


are  of  the  third  magnitude,  and  lie  north  an  1 
south  of  each  other,  at  the  distance  of  seven 
degrees  and  a  third  ;  they  come  to  the  meri- 
dian about  the  middle  of  July,  at  nine  o'clock 
in  the  evening,  but  of  course  may  be  seen  at 
many  other  periods  of  the  year,  particularly 
in  the  spring  and  autumn.  The  star  yj  lies 
about  twenty -two  degrees  nearly  due  west 
from  the  bright  star  Vega  or  a  Lyrse.  In  the 
map  of  the  stars  on  Plate  II.  it  is  marked  with 
the  letter  a,  and  the  star  ^  below  it  with  the 
letter  b.  The  cluster  is  somewhat  nearer  to 
>y,  or  the  upper  star,  than  to  the  other.  It  is 
just  perceptible  to  the  naked  eye,  and  with  a 
telescope  of  small  power,  such  as  a  common 
"  night  and  day  telescope,"  it  appears  like  a 
small  round  comet. 

The  following  is  a  list  of  the  places  of  six 
of  the  principal  clusters  of  this  description, 
which  may  be  considered  as  specimens  of 
these  remarkable  objects : 

1.  Right  ascension,  15*1  10';  north  declina- 
tion, 2°  44'.  This  cluster  lies  about  eight 
degrees  south-west  from  Ihiukf  the  principal 
star  in  the  Serpent,  and  comes  to  the  meridian, 
about  the  middle  of  June,  at  nine  o'clock  in 
the  evening. 

2.  Right  ascension,  13^  34' ;  north  decli- 
nation, 39°  15';  between  the  tail  of  Chara 
and  the  thigh  of  Bootes,  about  twelve  degrees 
north-west  of  Arcturus,  nearly  on  a  line  be- 
tween that  star  and  Cor  Caroli,  but  nearer 
Arcturus. 

3.  Right  ascension,  IZ'^  6';  north  declina- 
tion, 19°  5' ;  in  Coma  Berenices,  fourteen  de- 
grees west  by  south  of  Arcturus.  A  line 
drawn  from  Arcturus  through  >y  Bootes  meets 
this  cluster  at  somewhat  more  than  double  the 
distance  of  these  two  stars. 

4.  Right  ascension,  17^  29' ;  south  decli- 
nation, 3°  8' ;  between  the  stars  y  and  ^  of 
Serpentarius,  but  nearer  to  the  latter. 

.5.  Right  ascension,  2U'25';  south  decli- 
nation, 1°  34' ;  in  Aquarius,  about  2  degrees 
north  of  jy  in  the  west  shoulder,  nearly  in  a 
line  with  f  Pegasi  or  Enif. 

6.  Right  ascension,  21''  22';  north  declina- 
tion, 11°  26'.  This  cluster  lies  north  from 
No.  5,  at  the  distance  of  thirteen  degrees,  and 
about  three  or  four  degrees  north-west  of  the 
star  Enif,  or  £  Pegasi. 

Such  are  a  few  specimens  of  coTupressed 
clusters  of  stars.  Sir.  W.  Herschel  has  given 
a  catalogue  of  more  than  a  hundred  of  such 
clusters  dispersed  over  different  parts  of  ths 
heavens,  many  of  which  require  powerful 
telescopes  to  resolve  them  into  stars.  These 
clusters  may  be  considered  as  so  many  dis- 
tinct firmaments,  distributed  throughout  the 
spaces  of  immensity,  each  of  them  comprising 
within  itself  an  assemblage  of  stars  far  more 
numerous  than  tvhat  appears  to  the  vulgar 
3e2  (605) 
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e3'^e  tliTOiigbout  the  vv^liole  face  of  our  noctur- 
nal sky.  To  those  intelligences  that  reside 
near  the  centre  of  such  clusters,  the  stars  con- 
nected with  their  own  cluster  or  system  w4ll 
be  those  which  they  will  chiefly  behold  in 
their  sky  ;  and  in  those  clusters  which  are  of 
a  globular  form,  the  stars  will  appear  nearly 
equally  dispersed  over  the  face  of  their  firma- 
ment. In  those  starry  assemblages  which 
show  a  great  compression  about  the  centre, 
an  immense  number  of  stars  of  the  first  mag- 
nitude will  decorate  their  sky,  and  render  it 
far  more  resplendent  than  that  with  which  we 


are  surrounded- — another  instance  of  that  ?«! 
riety  which  distinguishes  all  the  scenes  of 
creation.  Scarcely  any  other  star  will  be  visi- 
ble except  those  which  belong  to  their  own  sys- 
tem. If  the  magnificent  system  of  stars  with 
which  our  sun  is  connected  be  at  all  visible, 
it  will  only  appear  like  a  dim  and  inconsider- 
able speck  in  the  remote  regions  of  immensity, 
or  as  a  small  cluster  or  nebula,  such  as  those 
we  perceive  with  difficulty  through  our  tele- 
scopes. Such  are  the  grand,  the  diversified, 
and  wonderful  plans  of  the  Creator  through- 
out his  vast  and  boundless  universe. 


CHAPTER  XIL 

On  the  Different  Orders  of  the  Nebulae, 


Sectiojt  I. 

General  Remarks  on  the  Subject  of  Nebulse* 

The  further  we  proceed  in  our  researches 
into  the  sidereal  heavens,  the  scene  of  Creat- 
ing Power  and  Wisdom  becomes  more  ex- 
pansive and  magnificent.  At  every  step  of 
our  progress  the  prospect  enlarges  far  beyond 
what  we  had  previously  conceived ;  the  mul- 
titude and  variety  of  its  objects  are  indefinitely 
increased ;  new  suns  and  new  firmaments 
open  to  view  on  every  hand,  overwhelming 
the  mind  with  astonishment  and  wonder  at 
the  immensity  of  Creation,  and  leaving  it  no 
room  to  doubt  that,  after  all  its  excursions,  it 
has  arrived  only  at  "  the  frontiers  of  the  Great 
Jehovah's  kingdom."  Wherever  we  turn  our 
eyes  amid  those  higher  regions,  infinity  ap- 
pears to  stretch  before  us  on  either  hand,  and 
countless  assemblages  of  the  most  resplendent 
objects  are  every  where  found  diversifyng 
the  tracts  of  immensity.  To  investigate  such 
objects  in  relation  to  their  number,  magnitude, 
motion,  and  the  laws  by  which  they  are  united 
and  directed  in  their  movements,  completely 
baffles  the  mathematician's  skill,  and  sets  all 
his  hitherto  acquired  powers  of  analysis  at 
defiance,  and  demonstrates  that  we  are  still  in 
the  infancy  of  knowledge  and  of  being.  Here, 
all  finite  measures  fail  us  in  attempting  to 
scan  such  amazing  objects,  and  to  penetrate 
into  such  unfathomable  recesses ;  length, 
breadth,  depth,  and  height,  and  time  and  space, 
are  lost.  We  are  justly  filled  with  admiration 
at  the  amazing  grandeur  of  the  Milky  Way, 
where  suns  and  worlds  are  counted  by  mil- 
lions. When  exploring  its  dimensions  and 
sounding  its  profundities,  we  seem  to  have 
got  a  view  of  a  universe  far  more  expansive 
than  what  we  had  previously  conceived  to  be 
vhe  ''xtent  of  the  whole  creation.  But  what 
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shall  we  say  if  this  vast  assemblage  of  starry 
systems  be  found  to  be  no  more  than  single 
nebula,  of  which  several  thousands,  perhaps 
even  richer  in  stars,  have  already  been  dis- 
covered !  and  that  it  bears  no  more  proportion 
to  the  whole  of  the  sidereal  heavens  around 
us,  than  a  small  dusky  speck  which  our  tele- 
scopes enable  us  to  descry  !  Yet  such  is  the 
conclusion  which  we  are  led  to  deduce  from 
the  discoveries  which  have  been  lately  made 
respecting  the  different  orders  of  the  nebula, 
of  which  I  shall  now  proceed  to  give  a  brief 
description. 

The  word  nebula  literally  signifies  a  cloud, 
or  mist.  This  name  is  now  used  in  astronomy 
to  denote  certain  small  spots,  resembling 
whitish  clouds,  which  are  seen  in  the  starry 
heavens  by  the  telescope,  and  which  present 
different  kinds  of  appearances,  either  that  of 
single  stars  enveloped  in  a  nebulous  veil,  or 
of  groups  of  small  stars,  or  only  the  appear- 
ance of  a  shining  or  glittering  cloud  :  which 
last  are  the  nebulae  properly  so  called.  The 
following  are  some  general  observations  on 
the  Nebulae  by  Sir  William  Herschel.  The 
success  which  accompanied  the  observations 
of  this  eminent  astronomer  in  reference  to  the 
Milky  Way,  induced  him  to  turn  his  tele- 
scope to  the  nebulous  parts  of  the  heavens,  of 
which  an  accurate  list  had  been  published  in  the 
Connoissance  dcs  Temps*  for  1783  and  17S4. 
Most  of  these  yielded  to  a  Newtonian  reflector 
of  20  feet  focal  distance,  and  12  inches  aper- 

*  Connoissance  des  Temps,  or  as  it  hi  somo- 
times  written,  Connaissance  des  Terns,  literally 
signifies  the  knowledge  of  iiine.  It  is  the  title  ot 
an  Almanac,  or  astronomical  epliemeris,  pub- 
lished at  Paris,  on  nearly  the  same  plan  as  the 
"  Nautical  Almanac,"  published  at  London. 
The  following  is  the  title  of  one  published  in  the 
year  1825: — "Connaissance  des  Terns,  ou  des 
Moiivemens  Celestes,  a  I'Usage  des  Astronomes 
et  des  Navigateurs,  pour  Fan  18-28  Publioe  pa? 
le  Bureau  des  Longitudes."  It  contains  2;6  pagcft. 
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tare,  wliicli  plainly  discovered  them  to  be 
co!nposed  of  stars,  or  at  least  to  contain  sta.rs, 
and  to  show  every  other  indication  of  their 
consisting  of  them  entirely. 

"  The  nebuljG,"  says  he,  "  are  arranged 
into  strata,  and  run  on  to  a  great  length ;  and 
some  of  them  I  have  been  able  to  pursue, 
and  to  guess  pretty  well  at  their  form  and 
direction.  It  is  probable  enough  that  they 
may  surround  the  whole  starry  sphere  of  the 
heavens,  not  unlike  the  Milky  Way,  which 
undoubtedly  is  nothing  but  a  stratum  of  fixed 
stars.  And  as  this  latter  immense  starry  bed 
IS  not  of  equal  breadth  or  lustre  in  every  part, 
nor  runs  on  in  one  straight  direction,  but  is 
curved  and  even  divided  into  two  streams 
along  a  very  considerable  portion  of  it,  we  may 
likewise  expect  the  greatest  variety  in  the 
strata  of  the  clusters  of  stars  and  nebula.  One 
of  these  nebulous  beds  is  so  rich,  that  in  pass- 
ing through  a  section  of  it,  in  the  time  of  only 
thirty-six  minutes,  I  have  detected  no  less 
than  thirty-one  nebulse  all  distinctly  visible 
upon  a  fine  blue  sky.  Their  situation  and 
shape,  as  well  as  condition,  seem  to  denote 
the  greatest  variety  imaginable.  In  another 
stratum,  or  perhaps  a  different  branch  of  the 
former,  I  have  seen  double  and  treble  nebulae 
variously  arranged ;  large  ones  with  small, 
seeming  attendants  ;  narrow  but  much  ex- 
tended lucid  nebulse  or  bright  dashes  ;  some 
of  the  shape  of  a  fan,  resembling  an  electric 
brush  issuing  from  a  lucid  point ;  others  of 
the  cometic  shape,  with  a  seeming  nucleus  in 
the  centre,  or  like  cloudy  stars  surrounded 
with  a  nebulous  atmosphere.  A  different  sort 
agp.in  contain  a  nebulosity  of  the  milky  kind, 
like  that  wonderful  inexplicable  phenomenon 
about  6  Orionis.;  while  others  shine  with  a 
fainter  mottled  kind  of  light,  which  denotes 
their  being  resolvable  into  stars." 

"In  my  late  observations  on  nebulfe,"  says 
Sir  William  on  another  occasion,  "  I  have 
found  that  I  generally  detected  them  in  certain 
directions  rather  than  in  others ;  that  the 
spaces  preceding  them  were  generally  quite 
deprived  of  their  stars,  so  as  often  to  afford 
many  fields  without  a  single  star  in  it ;  that 
the  nebulae  generally  appeared  sometime  after 
among  stars  of  a  certain  considerable  size, 
and  but  seldom  among  very  small  stars  ;  and 
when  I  came  to  one  nebul;©,  I  generally  found 
severil  more  in  the  neighbourhood  ;  that 
afterwards  a  considerable  time  passed  before 
I  came  to  another  parcel.  These  events 
being  often  repeated  in  different  altitudes  of 
my  instrument,  and  some  of  them  at  considera- 
ble distances  from  each  other,  it  occurred  to 
me  that  the  intermediate  spaces  between  the 
sweeps  might  also  contain  nebulse ;  and  finding 
this  to  hold  good  more  than  once,  I  ventured 
to  give  aoticc  to  my  assistant   at   the  clock 


that  '  I  found  myself  on  nebulous  ground.'  " 
From  these  observations  of  Herschel,  it  appears 
that  the  nebulse  are  not  dispersed  indiscrimi- 
nately through  the  heavens,  but  arc  found  in 
certain  regions  and  directions  rather  than  in 
others,  and  that,  as  formerly  stated,  they  pro- 
bably make  the  circuit  of  the  heavens, 
intersecting  at  a  certain  angle  the  Milky 
Way. 

More  than  eighty  years  ago,  it  was   sug- 
gested by  the   celebrated  mathematician  and 
astronomer,  M.  Lambert,  in  his  "  Letters    on 
Cosmogony,"  that  all  the  stars  in  the  universe 
are  collected  into  systems  ;  that  all  the  systems 
are  in  motion  ;  that  the   individual  stars  or 
suns  of  each  system  move  round  a  common 
centre   of  gravity,  which  may  possibly  be  a 
large  opaque  globe  ;  and  that  all  the  systems 
of  the  universe,  as  one  related  system,  revolve 
around  some  grand  centre,  common  to  the 
whole.     "  All  those  S3^stems  of  v^^orlds,"  says 
this  astronomer,  "  resemble,  though  on  a  small 
scale,  the  solar  system,  inasmuch  as  in  each 
the  stars   of  which  it   is    composed    revolve 
round  a  common  centre,  in  the  same  manner 
as  the  planets  and   comets  revolve  round  the 
sun.     It  is  even  probable   that   several   indi- 
vidual systems  concur  in  forming  more  gene- 
ral systems,  and  so  on.     Such,  for  example, 
as  are  comprehended  in  the  Milky  Way,,  will 
make   competent  parts  of  a  more  enlarged 
system ;   and   this  way  will  belong  to  other 
milky  ways,  with  which  it  will   constitute   a 
whole.     If  these  last  are  invisible  to  us,  it  is 
by  reason  of  their  immense  distance.  It  would 
not   be   at  all    astonishing,    if  milky    ways, 
situated  still  further  from  us  in  the   depth  of 
the  heavens,  should  make  no  impression  on 
the  eye  whatever."  Again — "  The  sum  of  the 
milky  ways  taken  together  have  their  common 
centre  of  revolution ;  but  how  far  soever  we 
may  thus  extend  the  scale  we  must  necessarily 
stop  at  last ;   and  where  ]     At  the  centre  of 
centres,  at  the  centre    of  creation,  which    I 
should  be  inclined  to  term  the  capital  of  the 
universe,  inasmuch  as  thence  originates  mo- 
tion of  every  kind,  and  there  stands  the  great 
wheel  in  which  all  the  rest  have  their  inden- 
tation.    From  thence   the    laws    are   issued 
which  govern  and  uphold  the  universe,  or, 
rather,  there  they  resolve  themselves  into  one 
law  of  all  others  the  most  simple.     But  who 
would  be  competent  to  measure  the  space  and 
time  which  all* the  globes,  all  the  worlds,  all 
the  worlds    of  worlds,  employ   in    revolving 
round   that  immense  body — the    Throne  of 
Nature  and  the  Footstool  of  the  Divinity  ! 
What  painter,  what  poet,  what  imaginatioii 
is  sufficiently  exalted  to  describe  the  beauty, 
the  magnificence,  the  grandeur  of  this  source 
of  all  that  is  beautiful,  great,  magnificent,  and 
from  which  order  and  harmony  flow  m  eternal 
"(607) 


Hosted  by  Google 


84 


SIDEREAL  HEAraNS. 


gtreams  through  the  whole  bounds  of  the 
universe." 

The  discoveries  made  by  Sir  W.  Herschel 
in  reference  to  the  nebulffi  have  in  part  real- 
ized some  of  the  views  suggested  by  Lambert 
in  regard  to  the  general  arrangements  of  the 
systems  of  the  universe.  They  afford  con- 
vincing evidence  that  the  stars  are  not  dis- 
persed as  it  were  at  random,  in  a  kind  of 
magnificent  confusion,  but  are  distributed  sys- 
tematically, in  immense  clusters,  throughout 
the  regions  of  boundless  space. 

There  are  various  forms  and  classes  of  ne- 
bulae which  we  shall  notice  in  the  sequel,  but 
they  may  all  be  reduced  to  two  great  classes, — • 
the  resolvable  and  irresolvable  ,-  that  is,  those 
which  may  be  resolved  into  clusters  of  stars 
by  powerful  telescopes,  and  those  which  no 
telescope  hitherto  constructed  has  yet  been 
able  io  resolve  into  starry  groups. 

Prior  to  Sir  W.  Herschel's  observations  on 
the  nebulse,  about  a  hundred  of  these  objects 
had  been  descried  in  different  parts  of  the 
heavens,  of  which  an  account  had  been  given 
by  Messier,  as  formerly  stated.  About  2000 
more  were  afterwards  discovered  by  the  un- 
wearied exertions  of  our  British  astronomer, 
a  description  of  which  was  inserted  at  differ- 
ent periods  in  the  Philosophical  Transactions. 
The  places  of  these  were  afterwards  computed 
from  his  observations,  and  arranged  into  a 
catalogue,  in  the  order  of  right  ascension,  by 
his  sister,  Miss  Caroline  Herschel,  a  lady  sin- 
gularly eminent  for  her  astronomical  know- 
ledge, who  assisted  him  in  all  his  sidereal 
labours  and  discoveries,  and  was  herself  a  dis- 
coverer of  several  interesting  celestial  pheno- 
mena, particularly  comets.  Her  illustrious 
nephew.  Sir  John  Herschel,  read  a  paper  be- 
fore the  Royal  Society  in  November,  1833,  in 
which  he  gives  the  places  of  2500  nebuljE,  or 
clusters  of  stars,  of  which  500  were  detected 
by  his  own  observations,  the  rest  having  been 
accurately  determined  by  his  father.  Besides 
these,  more  than  500  nebula3  have  been  dis- 
covered in  the  southern  hemisphere  of  the 
heavens,  of  which  the  Magellanic  clouds  are 
the  most  conspicuous  and  the  most  remark- 
pble.  They  are  three  in  number,  two  of  them 
being  near  each  other ;  the  largest  is  at  a  con- 
siderable distance  from  the  south  pole,  but  the 
other  two  are  only  eleven  degrees  distant. 
To  the  naked  eye,  they  appear  like  portions 
of  the  Milky  Way. 

These  nebulae  have  great  variety  of  forms : 
some  are  comparatively  bright,  and  others  so 
obscure  as  to  render  it  difficult  to  detect  them 
in  the  field  of  the  telescope,  or  to  ascertain 
their  shape.  Some  of  them  appear  round, 
some  oval,  and  others  of  a  long  elliptic  shape  ; 
some  exhibit  an  annular  form,  like  luminous 
rbigs,  and  others  like  an  ellipses  with  a  dark 
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space  in  the  centre-,  but  the  greafer  namhe? 
approximate  to  a  roundish  form.  Of  the  lOi) 
nebulae  inserted  in  Messier's  list,  eighteen 
were  known  at  the  time  to  consist  of  small 
stars ;  but  Sir  W.  Herschel  afterwards  found 
tv/enty-six  more  of  them  to  consist  purely  of 
clusters  of  stars,  eighteen  of  small  stars  ac- 
companied with  nebulosity,  and  the  remainder 
not  resolvable  into  stars  by  the  highest  powers 
of  his  telescopes.  It  is  evident  that  these  ob- 
jects, however  apparently  small  and  obscure, 
must  be  bodies  of  immense  magnitude,  when 
we  take  into  consideration  the  vast  distance 
at  which  they  must  be  placed  fi'om  our  globe. 
The  following  are  Sir  W.  Herschel's  views 
on  this  point  ; 

"  My  opinion  of  their  size  is  grounded  on 
the  following  observations  : — There  are  many 
round  nebulae  of  about  five  or  six  minutes  in 
diameter,  the  stars  of  which  I  can  see  very 
distinctly ;  and  on  comparing  them  with  the 
visual  ray  calculated  from  some  of  my  long 
gauges,  I  suppose,  by  the  appearance  of  the 
small  stars  in  those  gauges,  that  the  centres 
of  these  round  nebulae  may  be  600  times  the 
distance  of  Sirius  from. us."  He  then  goes 
on  to  show  that  the  stars  in  such  nebulse  are 
probably  twice  as  much  condensed  as  those 
of  our  system,  otherwise  the  centre  of  it 
would  not  be  less  than  6000  times  the  dis- 
tance of  Sirius,  and  that  it  is  possibly  much 
underrated  by  supposing  it  only  600  times 
the  distance  of  that  star.  "  Some  of  these 
round  nebulae  have  others  near  them,  per- 
fectly similar  in  form,  colour,  and  the  distri- 
bution of  stars,  but  of  only  half  the  diameter ; 
and  the  stars  in  them  seem  to  be  doubly 
crowded,  and  only  at  about  half  the  distance 
firom  eaoh  other.  They  are  indeed  so  small 
as  not  to  be  visible  without  the  utmost  atten- 
tion. I  suppose  these  miniature  nebulse  to 
be  at  double  the  distance  from:  the  first.  Aip', 
instance  equally  remarkable  and  instructive  is 
a  case  where,  in  the  neighbourhood  of  two 
such  nebulae  as  have  been  mentioned,  I  met 
with  a  third  similar,  resolvable,  but  much 
smaller  and  fainter  nebula.  The  stars  of  it 
are  no  longer  to  be  perceived ;  but  a  resem- 
blance of  colour  with  the  former  two,  and  its 
diminished  size  and  light,  may  well  perinit  us 
to  place  it  at  full  twice  the  distance  of  the  se- 
cond, or  about  four  or  five  times  the  distance 
of  the  first ;  and  yet  the  nebulosity  is  not  of 
the  milky  kind,  nor  is  it  so  much  as  difficultly 
resolvable  or  colourless.  Now  in  a  few  of 
the  extended  nebulae,  the  light  changes  gra- 
dually, so  as  from  the  resolvable  to  approach 
to  the  milky  kind ;  which  appears  to  me  an 
indication  that  the  milky  light  of  nebulse  is 
owing  to  their  much  greater  distance.  A  ne- 
bula, therefore,  whose  light  is  perfectly  milky 
cannot  well  be  supposed  to  be  at  less  tlian 
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fix  or  eight  thousand  times  the  distance  of 
Sirius ;  and  though  the  numbers  here  assumed 
are  not  to  be  taken  otherwise  than  as  very- 
coarse  estimates,  yet  an  extended  nebula 
which  in  an  obUque  situation,  where  it  is  pos- 
sibly foreshortened  by  one-half,  two-thirds,  or 
three-fourths  of  its  length,  subtends  a  degree 
or  more  in  diameter,  cannot  be  otherwise  than 
of  a  wonderful  magnitude^  and   may  well 

OUTVIE  OUIl  MILKY   WAY  IN  GHAXDEUH." 

It  appears  to  be  a  very  natural  conclusion, 
that  the  nebulae  which  are  perfectly  similar  in 
form,  colour,  and  the  distribution  of  stars,  but 
only  half  the  diameter,  and  the  stars  doubly 
crowded,  are  about  double  the  distance  from 
the  first.  And  if  the  distance  of  the  larger 
nebulae,  whose  stars  are  distinctly  seen,  be  at 
least  600  times  the  distance  of  Sirius,  as 
there  is  every  reason  to  believe,  then  the  dis- 
tance of  those  which  are  only  half  the  dia- 
meter must  be  about  1200  times  the  distance 
of  that  star ;  that  is  at  the  very  least,  24,000,- 
000,000,000,000,  or  twenty-four  thousand 
bilHons  of  miles.  But  the  nebulae  whose  light 
is  "  perfectly  milky,"  or  so  far  removed  from 
us  that  the  stars  of  which  they  are  composed 
cannot  be  separately  distinguished,  may  be 
justly  considered  as  seven  thousand  times  the 
distance  of  Sirius,  or,  in  numbers,  168,000,- 
000,000,000,000,  or  one  hundred  and  sixty- 
eight  thousand  billions  of  miles  ! — a  distance 
of  which  we  can  have  no  distinct  conception. 
Light,  notwithstanding  its  amazing  velocity, 
would  be  nearly  thirty  thousand  years  ere  it 
could  fly  from  such  nebulae  to  the  earth ;  and 
a  cannon  ball,  with  its  utmost  velocity,  would 
require  more  than  thirty-eight  thousand 
millions  of  years  before  it  could  move  over 
an  equal  space.  Since  the  distance  of  these 
nebulae  is  so  immense,  and  since  those  which 
are  among  the  largest  and  nearest  are  found 
by  actual  observation  to  be  composed  of  count- 
less numbers  of  stars,  leaving  us  no  room  to 
doubt  that  the  most  distant  are  also  immense 
systems  of  stars,  how  great  must  be  the  mag- 
nitude, and  how  inexpressible  the  grandeur, 
of  the  numerous  luminaries  of  which  they  are 
composed ! 

I  have  stated  above  that  more  than  three 
thousand  nebulae  have  already  been  discovered, 
and  whose  places  in  the  heavens  have  been 
accurately  determined,  so  that  those  who  have 
access  to  powerful  telescopes  may  have  an 
opportunity  of  observing  the  greater  part  of 
them.  From  all  the  observations  made  by 
Sir  W.  Herschel,  he  is  of  opinion  that  our 
nebula,  or  the  Milky  Way,  is  not  the  most 
considerable  in  the  universe ;  and  he  points 
out  some  very  remarkable  nebulae  which  in 
his  opinion  cannot  be  less,  but  are  probably 
much  larger,  than  that  of  which  our  own  sun 
and  system  form  a  part.  Now,  on  these 
77 


grounds  let  us  consider  what  must  be  the  ex- 
tent and  magnitude  of  only  the  visible  uni- 
verse. Supposing  the  number  of  stars  conv- 
posing  the  Milky  Way  to  be  ten  millions, 
which  is  only  half  the  number  formerly  as- 
signed, (p.  73),  and  that  each  of  the  nebulffl 
at  an-  average  contains  the  same  number; 
supposing,  further,  that  only  two  thousand  of 
the  three  thousand  nebulae  are  resolvable  into 
clusters  of  stars,  and  that  the  other  thousands 
are  masses  of  a  shining  fluid  not  yet  con- 
densed into  distinct  luminous  globes;  the 
number  of  stars,  or  suns,  comprehended  in  that 
portion  of  the  firmament  which  is  within  the 
reach  of  our  telescopes  would  be  20,000,000,- 
000,  or  twenty  thousand  millions,  which  is 
twenty  millions  of  times  the  number  of  all  the 
stars  visible  to  the  naked  eye. 

Great  as  the  number  is,  and  magnificent 
and  overpowering  as  the  ideas  are  which  it 
suggests  of  the  extent  of  creation,  yet  these 
vast  assemblages  of  systems  may  be  no  more 
than  as  a  single  nebula  to  the  whole  visible 
firmament,  or  even  as  a  grain  of  sand  to  the 
whole  earth,  compared  with  what  lies  beyond 
the  range  of  human  vision,  and  is  hid  from 
mortal  eye  in  the  boundless  and  unexplored 
region  of  immensity  !  Beyond  the  bounda- 
ries of  all  that  will  ever  be  visible  to  the  in- 
habitants of  our  globe,  an  infinite  region 
exists,  in  which  we  have  every  reason  to  be- 
lieve the  Deity  sits  enthroned  in  all  tha 
grandeur  of  his  overflowing  goodness  and 
omnipotence,  presiding  over  innumerable  sys- 
tems, far  surpassing  in  magnificence  what 
"  eye  hath  yet  seen"  or  th**.  most  briUiant  in- 
tellect can  conceive.  Forv.e  ought  never  for 
a  moment  to  surmise  that  the  operations  of 
Almighty  Power  are  exhausted  at  the  point 
where  the  efforts  of  genius  and  art  can  no 
longer  afford  us  assistance  in  tracing  the  foot- 
steps of  the  Divinity  through  the  mysterious 
regions  of  infinitude ;  nor  should  we  ever  sup- 
pose that  man,  placed  on  such  a  diminutive 
ball  as  the  earth,  and  furnished  with  powers 
of  so  limited  a  nature  as  those  with  which  he 
is  now  invested,  will  ever  be  able  to  grasp 
the  dominions  of  Him  who  fills  immensity 
with  his  presence,  and  "  whose  ways  are  past 
finding  out." 

Skction  II. 

On  the  various  kinds  of  i^hhulx* 

I  have  already  alluded  to  the  diflferent 
shapes  or  forms  of  nebulae.  These  objects, 
on  account  of  their  appearing  with  different 
degrees  of  lustre,  and  assuming  a  great  variety 
of  shapes  and  modifications,  have  been  ar- 
ranged into  different  classes. 

1.  The  first  class  is  that  of  clusters  of  stars 
in  which  the  separate  stars  are  clearly  distin- 
(609) 
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giiished   by  good  telescopes.     This  class  is 
again  divided  into  globulur  clusters,  or  those 


where  one  species  ends  and  the  other  begins." 
Fig.  41,  formerly  referred  to,  represents  one 
of  the  globular  clusters  in  the  constellation 
Hercules.  Fig.  42  is  a  view  of  a  curious  but 
somewhat  irregular  group,  seen  in  the  southern 
hemisphere,  as  sketched  by  Mr.  Dunlop,  at 
Paramatta,  New  South  Wales.  It  is  the  30 
Doradiis,  or  Xipheas,  and  is  rather  a  singular 
object,  but  evidently  a  large  cluster  of  stars, 
presehtirig  two  or  three  very  condensed  etrata, 
as  if  they  were  crowded  to  excess  by  an  im- 
mense confluence  of  stars. 

2.  Another  class  is  that  termed  resolvable 
nebiihiy  or  those  which  lead  us  to  suppose 
(610) 


which  appear  of  a  roundish  form,  and  some- 
what compressed  towards  the  centre  ;  and  irreg- 
ular clusters,  or  those 
which      are    neither 
circular   nor     ellipti- 
cal, but  of  a  scmewhat 
indefinite  or  angular 
form.     These  last  are 
generally  less  rich  in 
stars,   and    less    con- 
densed  towards    the 
centre,  and  are   like- 
wise less   definite    in 
42  their  outline,  so    that 
their    termination    in 
many  cases  cannot  be 
distinctly     perceived. 
In  some  of  tliem  the 
stars  are  nearly  all  of 
the  same  size,  in  others 
extremely     different; 
and  "  it  is  no  uncom- 
mon thing-,"  says  Sir 
J.  Herschel,  "  to  find 
a  very  red  star,  much 
■ :  brighter  than  the  rest, 
occupying .  a  conspicu- 
ous  situation  in  them." 
Sir  W.  Herschel    re- 
gards these  as  glolm- 
44  lar  clusters  in  a  less 
advanced  state  of  con- 
densation, conceiving 
all  such  groups  as  aj>- 
preaching,    by    their 
mutual  attraction,  to 
the    globular    figure, 
and  assembling  them- 
-selves  -together  from 
all    the    surrounding 
I        regioUj  under  laws  of 
I       which    we    have  no 
48  other  proof  than  the 
observance    of  a  gra- 
dation by  which  theiv 
characters  shade  into 
one  another,  so  that  it 
is  impossible  to  say 
that  they  consist  of  stars  which  would  be  sepa- 
rately distinguishable  by  an  increase  of  light 
and  liiagifying  power  in  the  telescope.  These 
may  be  considered  as  clusters  too  remote  to 
be  distinctly  seen,  the  stars  composing  which 
are  either  too  faint  in  their  light  or  too  small 
in  size  to  make  a  definite  impression  upon 
the  organs  of  Tision.     They  are  almost  uni- 
versally round  or  oval,  which  is  supposed  to 
be  owing  to  their  loose  appendages  and  irregij- 
laritiesof  form  being  extinguished  by  theii 
distance,  the  general  figure  of  the  central  osr 
more  condensed  parts  being  only  discorniblo 
« It  is  under  the  appearance  of  objects  of  t\m 
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charactei"  says  Sir  J.  Herschel,  "that  all 
trie  greater  globular  clusters  exliibit  tbeni- 
selves  in  telescopes  of  insufficient  optical  power 
to  show  them  well ;  and  the  conclusion  is  ob- 
vious that  those  wliich  the  most  powerful  can 
barely  render  7r.solnabIe,  would  be  completely 
resolved  by  a  further  increase  of  instrumental 
force. 

3.  Besides  the  above,  there  is  an  immense 
variety  of  nebulas,  properly  so  called,  which 
ao  telescopes  have  hitherto  been  able  to  re- 
solve into  stars,  and  which  is  supposed  to  be 


a  species  of  matt'^r  diffused  throu.'-bouf;  infi- 
nite space,  in  variou'^  portions  and  degrees  of 
condensation,  and  which  may,  in  the  cours^e 
of  ages,  be  condeu'^ed  into  stars  or  starry  sys- 
tems. The  following  is  a  desci-iption  of  some 
of  the  more  remarkable  varieties  of  this  class 
of  nebulrc. 

Fig.  4-3  represents  a  nebula  of  on  ellipticnl 
or  spindle-like  form.  It  is  visible  to  the  naked 
eye  in  a  clear  night,  when  the  moon  is  absent, 
and  has  sometimes  been  mistaken  for  a  small 
comet.  It  appears  like  a  dull,  cloudy,  ur  lefined 


PLATE  V. 

MINIATURE  MA.P  OP  THE  HEAVENS,  ON  MERCATOR'S  PROJECTION,   SHOWING  THE 
COURSE  OF  THE  MILKY  WAY. 


spot  upon  the  concave  of  the  firmament,  and 
hajB  sometimes  been  compared  to  the  light  of 
a  small  candle  shining  through  horn.  Its 
central  parts  appear  brightest,  but  its  light 
gradually  fades  towards  each  extremity.  A 
few  small  stars  appear  adjacent  to  it,  and  even 
within  its  boundaries,  but  it  appears  pretty 
evident  that  they  have  no  immediate  con-- 
nexion  with  the  nebula.  Its  form,  as  here  de- 
lineated, may  be  seen  with  a  telescope  of 
moderate  power,  but  no  telesco])e  hitherto 
constructed,  even  with  the  hiu:best  powers 
that  could  be  applied,  has  yet  i>een  sutTi(dcnt 
to  resolve  it  into  stars.  In  si/e,  it  is  nearly 
half  a    degree    long,  arid  12   or   15    minutes 


broad.  Thougb  the  figure  of  this  object  ap- 
pears oval  or  ellipiical,  it  is  not  unlikely  that 
it  is  in  reality  nearly  of  a  globular  figure,  and 
that  its  oval  appearance  is  owing  to  its  posi- 
tion with  regard  to  our  eye.  This  nebula  ia 
situated  in  the  girdle  of  Andromeda,  within  a 
degree  or  two  of  the  star  v  of  that  constella- 
tion. It  is  about  15°  nearly  west  from  A  I' 
maaclu  and  8°  north  by  westof  il/er^c/?,  with 
which  stars  it  forms  nearly  a  right-angled  tri- 
angle. It  maybe  seen  in  a  north-westerly  di- 
rection in  the  eveinngs  of  the  months  of  Jan- 
uary, February,  and  March,  at  a  considerable 
elevation.  It  comes  to  the  meridian  about  the 
middle  of  November,  at  nine  o'clock  in  t.he 
(fiin 


Hosted  by  Google 


SIDEREAL  HEAVENB» 


evei.ing.  Its  right  ascension  is  0''  33' ;  and 
north  dedination,40°  20^  This  nebula  may 
be  considered  as  a  representative,  on  a  large 
scale,  of  a  numerous  class  of  nebulse,  which 
increases  more  or  less  in  density  towards  the 
central  point.  The  representation  of  it  in  the 
plate  is  somewhat  longer  and  narrower  than  it 
appears  through  a  telescope  magnifying  140 
times. 

Fig.  44  represents  a  kind  of  elliptical  ne- 
bula, wiih  a  vacancy  of  a  lenticular  form  in 
the  centre.  It  is  pretty  evident  that  such 
iiebulsB  are  in  reality  large  rings,  which  appear 
of  an  oval'  or  lenticular  form  in  consequence 
of  their  lying  obHquely  to  our  line  of  vision. 
This  is  undoubtedly  a  large  starry  system, 
comprising  perhaps  millions  of  stars,  at  such 
a  distance  that  their  combined  light  appears 
only  like  a  faint  nebula.  It  probably  is  not 
much  unlike  the  form  of  our  Milky  Way  in 
which  the  sun  is  situated.  Its  right  ascension 
is  2"  12',  and  north  decl,  41°  35'.  It  lies 
near  y  Andromeda,  or  AJmaach,  about  4°  to 
the  eastward  of  th^t  star,  nearly  in  a  line  be- 
tween it  and  Algol,  in  the  head  of  Medusa, 
and  about  19°  east  from  the  nebula  repre- 
sented in  Fig.  43. 

Fig.  45  is  a  representation  of  an  annular 
nebula,  which  may  be  seen  with  a  telescope 
of  moderate  power.  It  does  not  occupy  so 
much  space  in  the  heavens  as  the  preceding 
nebulae,  but  it  is  well  defined,  and  has  the  ap- 
pearance of  a  flat,  solid  ring.  It  is  not  per- 
fectly circular,  but  somewhat  elliptical,  the 
conjugate  axis  of  the  ellipse  being  to  the  trans- 
verse nearly  to  the  proportion  of  4  to  5.  The 
opening  occupies  about  half  its  diameter,  and 
is  not  entirely  dark,  but  filled  up  with  a  very 
faint  hazy  light,  uniformly  spread  over  it.  Its 
light  is  not  of  a  pure  milky  white,  b^t  is  some- 
what mottled  in  its  appearance  near  the  exte- 
rior edge.  This  curious  phenomenon,  like 
the  preceding,  is  doubtless  an  immense  stellar 
system,  situated  at  an  immeasurable  distance 
in  the  profundity  of  space.  It  is  situated  in 
the  constellation  of  Lyra,  exactly  half-way 
between  the  stars  3  and  y,  so  that  its  position 
may  be  found  by  common  observers  without 
any  difficulty.  Its  right  ascension  is  18'' 47'; 
and  north  declination,  32°  49'.  The  following 
cut  (fig.  46)  represents  some  of  the  principal 
stars  in  the  constellation  of  the  Lyre.  The 
largest  star  near  the  upper  part  is  Vega,  a 
bright  star  of  the  first  magnitude  ;  the  next 
larger  star,  south  by  east  of  which  is  |3 ;  and 
the  other  star  of  the  same  magnitude  to  the 
south-east  is  y ;  between  which  is  the  annular 
nebula,  about  7^°  from  Vega. 

Fig.   46    represents   an   object   somewhat 

aimilar  to  the  above.     It  is  situated  between 

the  constellations  Anser  and  Cygnus,  about 

\^\^  south  fi:om  the  star  y  Cygni,  and  17° 
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east  from  the  phenomenon  described  abof  ®  * 
Its  right  ascension  is  20"  9' ;  and  north  d® 

Fig.  46.* 
North 
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clination,  30°  3'.  It  comes  to  the  meridian 
about  the  10th  of  September,  at  nine  o'clock 
in  the  evening. 

The  opposite  page  contains  representations 
of  several  other  kinds  of  nebula,  some  of 
which  are  extremely  curious  and  singular. 
Fig.  47  is  a  very  singular  and  wonderful  ob- 
ject. It  has  the  shape  of  a  dumb-bell  or 
hour-glass  of  bright  matter,  surrounded  by  a 
thin  hazy  atmosphere ;  the  two  connected 
hemispheres,  and  the  space  which  connects 
them,  are  beautiful  and  pretty  briglit.  The 
oval  is  completed  by  a  space  on  each  side, 
which  is  much  more  dim  and  hazy  than  the 
two  hemispheres.  The  whole  has  an  oval 
form,  like  that  of  an  oblate  spheroid.  The 
southern  hemisphere  is  somewhat  denser  than 
the  northern,  and  there  are  one  or  two  stars 
in  it.  It  appears  evidently  to  be  a  dense  col- 
lection of  stars,  at  an  immeasurable  distance 
from  the  region  in  which  we  reside,  and  leads 
us  to  form  an  idea  of  the  endless  diversities 
of  shape  and  form  among  those  countless  as- 
semblages of  star&  with  which  the  universe  is 
replenished.  This  nebula  is  situated  in  right 
ascension,    19''  62';   north  declination,    22° 

*  It  may  not  be  improper  here  to  remark,  once 
for  all,  that  the  bearings  or  directions  of  the  stars 
from  one  another,  given  here  and  in  otlier  parts 
of  this  volume,  are  strictly  applicable  only  when 
the  principal  star,  from  which  the  healings  are 
stated,  is  on  or  near  the  meridian.  When  in  other 
positions,  they  will  appear  to  a  common  observer 
to  have  different  bearings;  for  exajnple,  the  star 
Vega  or  Lyra,  in  the  above  figure,  when  about 
50^  or  60°  above  the  western  horizon,  will  appear 
at  an  equal  altitude  as  the  star  0,  south-west  by 
south  of  it ;  and  when  about  30*  or  40®  above  the 
eastern  horizon,  the  two  stars  will  appear,  the 
one  directly  above  or  below  the  other.  This  dif- 
ference in  the  apparent  directions  of  the  stars 
from  each  other  is  most  observable  in  those 
which  are  near  the  pole  ;  for  example,  the  stars 
of  the  Great  Bear  appear  in  one  part  of  their  revo- 
lution icest  from  the  pole,  and  in  another  part  of 
their  course  ea.si  of  it.  These  and  other  circum- 
stances require  to  be  attended  to,  in  order  to  find 
particular  stars  by  their  bearings  from  one  ax 
more  principal  stars. 


Hosted  by  Google 


DESCRIPIJONS  OF  jVEBUL^E. 


89 


W ;  in  the  breast  of  Anser  et  Vulpecula,  about 
midway  between  Albireo  in  the  Swan,  and 


50  62 

log  a  real  physical  resemblance  and  strong 
analogy  of  structure  to  our  own."  This  ob- 
ject, dim  and  distant  as  it  may  appear  through 
Gur  telescopes,  and  utterly  invisible  as  it  is  to 
fche  iinassisted  eye,  may  be  considered  as  a 
kind  of  universe  in  itself,  ten  thousand  times 
{nore  grand  and  extensive  than  the  whole 
creation  was  supposed  to  be  in  the  infancy  of 
astronomy.  Like  the  preceding  nebula,  it 
ehows  us  what  singular  varieties  of  structure 
are  to  be  found  in  the  systems  v/hich  compose 
the  universe,  and  at  the  same  time  it  exhibits 
&  certain  resemblance  to  another  system  of 
^isich  we   form  a  part;  and  perhaps  some- 


the  principal  stars  of  the  Dolphin,  about  tbree 
or  four  degrees  north  of  Sagitta,  a  star  of  tiie 
fourth  magnitude. 

Fig.  48  is  likewise 
a  very  remarkable  ob- 
ject. It  consists  of  a 
bright  round  nucleus, 
or  central  part,  sur- 
rounded at  a  great  dis- 
tance by  a  nebulous 
ring.  This  riig  ap- 
pears split  through 
nearly  the  greater  part 
57  of  its  circumference, 
the  two  portions  of 
which  being  separated 
at  about  an  angle  of 
45^.  This  nebula  lies 
,  near  the  remotest  boun- 
daries to  which  our 
telescopes  can  carry 
us.  It  has  never  beer^ 
resolved  into  stars  by 
the  highest  powers  that 
cf,  have  yet  been  applied ; 
"^  but  there  is  little  doubt 
that  it  is  a  grand 
scheme  of  sidereal  sys- 
tems, perhaps  exceed- 
ing our  Milky  Way 
_  .  in  number  and  magni- 
ficence. It  is  indeed 
supposed  to  bear  a  more 
striking  resemblance  to 
the  system  of  stars  in 
which  the  sun  is  placed 
than  any  other  object 
which  has  yet  been 
discovered  in  the  hca.- 
vens,  as  may  be  per- 
^  ceived  by  turning  to 
^^  figure  39,  (p.  76,) 
which  represents  !Sir 
W.  Herschel's  scheme 
of  the  Milky  Way ;  and 
hence  Sir  John  Her- 
schcl  describes  it  a^ 
"  a  brother  system,  beai- 
thing  similar,  though  not  precisely  of  the 
same  form  and  arrangement,  may  be  found 
in  other  parts  of  the  sidereal  heavens.  This 
phenomenon  is  situated  near  the  back  of  Ah- 
terion,  about  five  degrees  south  by  west  of 
Benetnasch,  the  last  star  in  the  tail  of  the 
Great  Bear ;  between  which  star  and  the  ne- 
bula there  is  a  small  star  of  the  fifth  magni- 
tude, nearer  to  the  nebula  than  to  Benetnasch. 
Its  right  ascension  is  13''  22' ;  and  north  de- 
clination, 46^^  14'. 

Figures  49,  50,  52, 53, 54, 55,  56, 57,  and  58, 
represent  some  specimens  of  nebuhms  stars, 
or  of  nebulae  connected  with  very  small  stars. 
3F  (613/ 
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Figure  49  ^^liows  a  nebiiiosity,  or  Fonictlihig 
like   a  nebulous  stream,  extending  from  one 


65  64 

mens  of  some  of  these  phenomena  will  be  found 

ill  Liv  iu.ivnvjiiK  situations: — 1.  Right  ascen- 
si(  n,  30''  56^  north  declination,  11°  34';  ahttle 
to  the  east  of  the  cluster  of  stars  called  the 
Dolphin.  3.  Right  ascension,  8"  46^ ;  north 
declination,  54°  35';  about  seven  degrees 
north-west  of  the  star  Thela  of  the  Great 
Bear.  3.  Riuht  ascension,  13''  51';  nortii 
declination,  35°  47' ;  about  four  degrees  south 
of  the  star  Cui^  CarolL  the  principal  star  in 
{he  Gray  hounds.  4.  Right  ascension,  6"  30' ; 
north  declination,  8°  53';  which  is  in  the 
head  of  Monoceros,  or  tiie  Unicorn,  about 
/814) 


small  star  to  anotlier,  as  if  there  was  a  rom^ 
munication  between  them.  The  next  thre.?3 
figures  are  represent- 
ations of  similar  phe- 
nomena. In  figure  ''^ 
60  the  nebulous  sub- 
stance appears  much 
broader  than  in  the 
others,  though  this 
may  possibly  be  ow- 
ing  to  the  nebula  in 
its  greatest  extent  be- 
ing presented  to  out 
hue  of  vision. 

Figures  54,  55,  56, 
are  very  small  stars, 
with  faint  and  small 
01  nebulae  attached  to 
them  in  the  shape  of 
a  puff.  Fig.  57  is  a 
small  star,  with  a  small ^ 
faint,  fan  shaped  nebu- 
losity joined  to  it. 
Fig.  58  represents  two 
considerable  stars  in- 
volved in  a  very  fain'l 
nebulosity  of  three  or 
four  minutes  in  exteiito 
!5«j  What  this  nebulous 
substance  in  reality  is, 
or  what  connexion  1% 
may  have  v/iih  the 
fetars  which  appear  m 
its  vicinity,  it  is  difli-- 
cult  to  ccnjecture.  It 
is  a  species  of  nebu- 
l[s  which  does  not  ap- 
])ear  to  be  resolvable 
into  stars,  and  there- 
lore  may  be  regarded 
as  a  distinct  iuininous 
substance  dilfuscd 

throughout      dilferen-i 
legions  of  the  universe^ 
subserving    some    im- 
])ortant  designs  in  the 
physical    economy  of 
creation  of  v/hicli  we 
are  ignorant.     Speci- 
(il^NGTi  degrees  east  of  Bctelguese,  in  the  right 
shoulder  of  Orion,  and  about  seven  degrees 
due  south  of  Gemini,  which  is  in  the  left  foot 
of  one  of  the  Twins, 

Figures  59  to  65  represent  a  few  speci- 
mens' of  objects  which  come  under  the  deno- 
mination of  exie7isive  diffusive  nehulositles. 
These  phenomena  were  veiy  little  noticed  tiH 
lately,  and  can  only  be  perceived  by  telescopes 
of  large  aperture,  which  collect  a  great  quan- 
tity of  light.  In  adverting  to  one  of  these 
objects,  Sir  W.  Herschei  describes  it  as  fol- 
lows : — "  Extreme  faint  branching  nebulos'ly ; 
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\\s  wh/tishneas  is  entirely  of  the  milky  kind, 
ar.d  it  is  brighter  in  three  or  four  places  than 
the  rest;  the  stars  of  the  Milky  Way  are 
scattered  over  it  in  the  same  manner  as  over 
the  rest  of  the  heavens.  Its  extent  in  the 
pa:rallel  is  nearly  one  degree  and  a  half,  and 
ill  the  meridianal  direction  about  fifty-two 
minutes."  It  appears  that  this  difiused  nebu- 
losity is  very  extensive ;  for  of  fifty-two  ne- 
bulae of  this  description  which  had  never  been 
before  observed,  Herschel  found  them  to  oc- 
cupy no  less  than  152  square  degrees.  A 
specimen  of  an  extensive  diffusive  nebula  of 
this  description  is  represented  in  fig.  59 


Figures  66  to  71    are  representations   of 
aebulas  of  various  descriptions.     The  three 


Sir  W.  Herschel  has  presented  us  with 
fourteen  specimens  related  to  this  class,  of 
what  he  terms  nehuhsiUes  joined  to  nehulm^ 
one  of  which  is  represented  in  fig.  60,  where 
a  bright  nebulous  speck  is  connected  with  a 
faint  nebulosity,  which  seems  to  proceed  from 
it  as  from  a  central  point,  increasing  in 
breadth  in  proportion  to  the  distance,  till  it 
terminates  in  a  kind  of  irregular  margin. 
Fig.  61  represents  what  is  called  -a  milky 
nebula  with  condensation.  It  appears  to  be 
a  roundish  nebula,  condensed  towards  the 
central  parts.  It  is  natm-al  to  suppose,  when 
we  see  a  gradual  increase  of  light,  that  there 
is  a  condensation  of  the 
substance  which  produces 
it  in  the  space  which  ap- 
pears brightest,  or  at 
least  that  the  luminous 
substance  is  deeper  m 
the  brighter  space.  Some 
of  the  nebulosities  of  this 
class  are  not  always  ex- 
tensively diffused,  but  are 
sometimes  met  with  ii\ 
detached  collections,  near 
to  each  other,  but  com- 
plctly  separate,  as  repre- 
sented at  a  h,  c,  fig.  62. 

A  diffused  nebulosity 
of  this  kind  may  be  seen 
aboLit  six  or  seven  de- 
grees due  east  from  the 
star  Zeta  Cygni,near  the 
buck  or  tail  of  Anser.  Its 
rinlit  ascension  is  20'» 
38^  and  north  declina- 
tion, 30°  6'.  Another, 
whose  right  ascension  is 
20'  49',  and  north  decli- 
nation 31°  3',  is  found 
about  three  or  four  de- 
grees north-west  of  Zeta. 
Cygni,  and  within  two 
or  three  degrees  of  the 
pieceding. 

Figures  63,  64,  and  65, 
arc  representations  of  ne- 
bulse  which  are  brighter 
in  ntore  than  one  place, 
which  appearance  is  sup- 
posed to  be  owing  to 
so  many  predominant 
seats  of  attraction,  owing 
to  a  superior  preponder- 
ance of  the  nebulous  mat- 
ter in  those  places  caus- 
ing a  division  of  it  from 
which  will  arise  three 
or  four  distinct  nebulae. 
upper  figures,  numbered  66,  are  nebulae  tliat 
are  suddenly  much  brighter  in  the  middL, 
(615) 
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A  nucleus  to  which  these  nebulse  seem  to  ap- 
proach is  considered  as  indicating  consolida- 
tion; and  that,  should  we  have  reason  to  con- 
clude that  a  solid  body  can  be  formed  of  con- 
densed nebulous  matter,  the  nature  of  which 
has  been  chiefly  deduced  from  its  shining 
qualit)',  we  may  possibly  be  able  to  view  it 
with  respect  to  some  other  of  its  properities. 
The  thre<3  figures,  No.  67,  represent  extended 
nebulse,  and,  round  nehulse,  that  show  the 
progress  of  condensation.  These  nebulae  ap- 
pear further  condensed  than  the  preceding, 
and  appear  surrounded  with  the  rarest  nebu- 
lous matter,  which,  not  having  as  yet  been 
consolidated  with  the  rest,  remains  expanded 
about  the  nucleus  in  the  shape  of  a  very  ex- 
tended atmosphere.  The  three  figures  in  the 
third  row  from  the  top  of  the  plate,  marked 
No.  68,  and  the  first  figure  to  the  left  hand 
of  No.  69,  represent  nebulse  which  are  almost 
of  an  uniform  light,  and  nebulae  that  draw 
progressively  towards  a  period  of  final  con- 
densation. "In  the  course  of  the  gradual 
condensation  of  the  nebulous  matter,"  says 
Sir  W.  Herschel,  "  it  may  be  expected  that 
a  time  must  come  when  it  can  no  longer  be 
compressed,  and  the  only  cause  which  we  may 
suppose  to  put  an  end  to  the  compression  is, 
when  the  consolidated  mass  assumes  hardness. 
From  the  size  of  the  nebulse,  as  we  see  them 
at  present,  we  cannot  form  an  idea  of  the 
original  bulk  of  the  nebulous  matter  they  con- 
tain ;  but  let  us  admit,  for  the  sake  of  compu- 
tation, that  the  nebulosity  of  a  certain  nebula, 
when  it  was  in  a  state  of  diflusion,  took  up  a 
space  of  ten  minutes  in  every  cubical  direction 
of  its  expansion,  then,  as  we  now  see  it  col- 
lected into  a  globular  compass  of  less  than  one 
minute,  it  must  of  course  be  more  than  1900 
times  denser  than  it  was  in.  its  original  state. 
This  proportion  of  density  is  more  than  double 
that  of  water  to  air." 

The  small  nebulse  represented  in  No.  70 
are  stellar  nebulae^  which  approach  to  the  ap- 
pearance of  stars,  and  one  or  two  of  doubtful 
character.  The  four  figures  marked  No.  71, 
represent  separate  views  of  the  gradual  con- 
densation of  the  nebulous  substance.  In  these 
we  may  evidently  perceive  a  striking  grada- 
tion in  the  light  and  brilliancy  of  the  central 
parts.  The  figure  on  the  left  hand  side  re- 
presents an  object  nearly  in  its  original  state 
of  nebulosity  ;  the  next  towards  the  right  ap- 
pears considerably  condensed  towards  the 
central  parts ;  the  third  figure  represents  a 
condensation  still  greater ;  and  the  one  on 
the  right  hand  exhibits  a  condensation  nearly 
complete,  or  a  huge  luminous  body  surrounded 
with  a  lucid  atmosphere.  Each  of  these  is 
tlie  representative  of  an  extensive  class  of  ob- 
jects of  this  description. 

/616) 


Section  III. 
On  Planetary  Nebulas. 

This  designation  is  given  to  a  class  of  ne 
bulae  which  heir  a  very  near  resemblance  to 
planetary  disks  when  seen  through  telescopes. 
But,  notwithstanding  their  planetary  aspect, 
some  small  remaining  haziness,  by  which  they 
are  more  or  less  surrounded,  evinces  their  ne- 
bulous origin.  They  are  somewhat  extraordi- 
nary objects,  with  round  or  slightly  oval  disks, 
in  some  instances  quite  sharply  terminated, 
in  others,  a  little  hazy  at  the  borders,  and  of 
a  light  exactly  equable,  or  only  a  very  little 
mottled,  which  in  some  of  them  approaches 
in  vividness  to  the  light  of  actual  planets. 
The  following  are  some  of  Sir  W.  Herschel's 
remarks  on  these  bodies  : — If  we  should  sup- 
pose them  to  be  single  stars  with  large  diame- 
ters, we  shall  find  it  difficult  to  account  for 
their  not  being  brighter,  unless  we  should 
admit  that  the  intrinsic  light  of  some  stars 
may  be  very  much  inferior  to  that  of  the 
generality,  which,  however,  can  hardily  be 
imagined  to  extend  to  such  a  degree.  "We 
might  suppose  them  to  be  comets  about  their 
aphelion,  if  the  brightness  as  well  as  magni- 
tude of  their  diameters  did  not  oppose  this 
idea  ;  so  that,  after  all,  we  can  hardly  find  any 
hypothesis  so  probable  as  that  of  their  being 
nebulse  ;  but  then  they  must  consist  of  stars 
that  are  compressed  and  accumulated  in  the 
highest  degree.  At  a  subsequent  period,  Sir 
William  remarks,  "  When  we  reflect  on  the 
circumstances  connected  with  these  bodies, 
we  may  conceive  that,  perhaps,  in  progress  of 
time  these  nebulse  which  are  already  in  a  state 
of  compression  may  be  still  further  compres- 
sed so  as  actually  to  become  stars.  It  may 
be  supposed  that  solid  bodies  such  as  we  sup- 
pose the  stars  to  be,  from  the  analogy  of  their 
light,  with  that  of  our  sun  when  seen  at  the 
distance  of  the  stars,  can  hardly  be  formeil  of 
a  condensation  of  nebulous  matter ;  but  if 
the  immensity  of  it  required  to  fill  a  cubical 
space  which  will  measure  ten  minutes,  when 
seen  at  the  distance  of  a  star  of  the  eighth  or 
ninth  magnitude,  is  well  considered,  and  pro- 
perly compared  with  the  veiy  small  angle  our 
sun  would  subtend  at  the  same  distance,  no 
degree  of  rarity  of  the  nebulous  matter  to 
which  we  have  recourse  can  be  any  objection 
to  the  solidity  required  for  the  ccnstruction  of 
a  body  of  equal  magnitude  with  our  sun." 

The  nature  of  these  nebulse  is  involved  in 
considerable  darkness  and  mystery.  As  in 
the  case  of  some  of  the  other  species  of  ihes« 
phenomena,  so  in  this,  the  mind  feels  unable 
to  form  any  definite  or  satisfactory  concep-^ 
tions  on  the  subject.  The  following  remarks 
of  Sir  J,  Herschel  comprise  most  of  what  casi 
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be  stated,  in  the  mean  time,  on  this  subject ; — • 
"  Whatever  be  their  nature,  they  must  be  of 
enormous  magnitude.  One  of  them  is  to  be 
found  in  the  parallel  of  v  Aquarii,  and  about 
five  minutes  preceding  that  star.  Its  apparent 
diameter  is  about  twenty  seconds.  Another, 
in  the  constellation  Andromeda,  presents  a 
visible  disk  of  twelve  seconds  perfectly  defined 
and  round.  Granting  these  objects  to  be 
equally  distant  from  us  with  the  stars,  their 
real  dimensions  must  be  such  as  would  fill,  on 
the  .owest  computation,  the  whole  orbit  of 
Uranus.  It  is  no  less  evident  that,  if  they  be 
solid  bodies  of  a  solar  nature,  the  intrinsic 
splendour  of  their  surfaces  must  be  almost  in- 
finitely inferior  to  that  of  the  sun's.  A  circu- 
lar portion  of  the  sun's  disk,  subtending  an 
angle  of  twenty  seconds,  would  give  a  light 
equal  to  100  full  moons,  while  the  objects  in 
question  are  hardly,  if  at  all,  discernible  with 
the  naked  eye.  The  uniformity  of  their  disks, 
and  their  want  of  apparent  central  condensa- 
tion, would  certainly  augur  their  light  to  be 
merely  superficial,  and  in  the  nature  of  a  hol- 
low superficial  shell ;  but  whether  filled  with 
solid  or  gaseous  matter,  or  altogether  empty, 
it  would  be  a  waste  of  time  to  conjecture." 

In  this  description  there  is  nothing  which 
strikes  the  mind  with  such  astonishment  as 
the  enormous  magnitude  of  these  planetary 
nebulse.  A  globular  body  which  would  fill 
the  orbit  of  Uranus  would  contain  24,429,- 
081,600,000,000,000,000,000,000,  or  more 
than  twenty-four  thousand  quartillions  of  solid 
miles.  The  solid  contents  of  the  sun  is  about 
357,000,000,000,000,000,  or  three  hundred 
and  fifty-seven  thousand  billions  of  cubical 
miles.  If  the  former  number  be  divided  by 
the  latter,  the  quotient  will  be  68,428,800,000, 
showing  that  the  nebula  in  question  would 
contain  within  its  circumference  sixty-eight 
thousand,  four  hundred  and  twenty-eight  mil- 
lions, and  eight  hundred  thousand  globes  as 
large  as  the  su?f.  A  body  of  such  bulk  is 
more  than  thirty-four  billions,  two  hundred 
thousa]id  millions  of  times  larger  than  all  the 
primary  planets  and  their  satellites  which  be- 
long to  our  system.  What  is  the  special  des- 
tination of  such  huge  masses  of  matter,  or 
what  important  designs  they  subserve  in  the 
physical  and  moral  arrangements  of  the  Gov- 
ernor of  the  universe,  it  is  beyond  our  power, 
in  the  mean  time,  to  form  even  a  probable 
conjecture.  Future  generations  may  perhaps 
be  enabled  to  throw  some  light  on  this  sub- 
ject, though  it  is  probable  that  the  nature, 
properties,  and  ultimate  designs  of  many  such 
objects  will  only  be  fully  disclosed  throughout 
the  revolutions  of  that  interminable  duration 
which  succeeds  the  short  span  of  human  ex- 
istence ;  but  of  this  we  may  rest  assured,  that 
they  are  not  useless  masses  of  materials  in 
78 


the  universe,  but  are  subservient  to  purposes 
worthy  of  Him  whose  wisdom  is  infinite,  and 
whose  understanding  is  unsearchable. 

The  four  figures  towards  the  right  hand 
of  the  plate,  marked  No.  69,  represent  some 
specimens  of  planetary  nebulse.  One  of  those 
bodies  may  be  seen  near  the  star  y  Aquarii, 
as  above  stated.  Its  right  ascension  is  nearly 
20^  52',  and  its  south  dechnation  about  12° 
26''.  It  lies  north  by  west  of  the  star  Deneb 
Algedi,  at  the  distance  of  about  ten  degrees. 
Other  nebulse  of  this  description  maybe  found 
near  the  following  stars : — 3  jo  Sagittse,  14 
Andromeda,  63  b  Crateris,  61  ^  SagittEe,  10 
Camelopardus,  36  Ursae  Majoris,  6  Navis, 
and  6  Draconis.  About  three  minutes  west 
from  the  star  16  c  Cygni  the  following  phe- 
nomenon is  found: — A  bright  point  a  little 
extended,  like  two  points  close  to  each  other. 
It  is  as  bright  as  a  star  of  the  eighth  or  ninth 
magnitude,  surrounded  by  a  very  bright  milky 
nebulosity,  suddenly  terminated,  having  the 
appearance  of  a  planetary  nebula  with  a  lucid 
centre.  The  border  is  not  well  defined ;  it  is 
perfectly  round,  and  about  one  minute  and 
thirty  seconds  in  diameter.  This  is  a  beauti- 
ful phenomenon,  and  of  a  middle  species  be- 
tween the  planetery  nebulae  and  nebulous 
stars. 

Sir  John  Herschel,  during  his  late  residence 
at  the  Cape  of  Good  Hope,  is  said  to  have 
discovered  several  new  and  singular  objects  in 
the  southern  hemisphere,  some  of  them  bear- 
ing a  certain  relation  to  the  objects  now  de- 
scribed ;  among  others,  he  is  said  to  have  de- 
tected a  beautiful  planetary  nebula,  which 
presents  a  perfectly  sharp,  well-defined  disk 
of  uniform  brightness,  exhibiting  the  exact 
appearancce  of  a  small  planet  with  a  satellite 
near  its  margin.  The  regular  compactness 
and  globular  form  of  such  objects  seem  to  in- 
dicate that  they  are  bodies  sui  generis,  neither 
collections  of  distinct  stars  nor  exactly  of  the 
same  nature  with  the  other  masses  of  nebu- 
lous matter  dispersed  through  the  heavens. 
They  seem  to  present  a  view  of  an  immense 
system  already  completed,  but  of  what  nature 
it  would  be  vain  to  conjecture.  Another  phe- 
nomenon of  this  kind  is  stated  as  being  of  an 
extraordinary  nature,  on  account  of  the  blue 
cokur  which  its  light  exhibits.  He  has  like- 
wise discovered  a  close  double  star  involved 
in  the  centre  of  a  nebulous  atmosphere,  which 
is  considered  as  a  new  and  singular  object. 

Section  IV. 

On  ttic  Nebula  in  Orion, 

One  of  the  largest  and   most  remarkable 
nebula  in  the  heavens  is  that  which  is  touud 
in  the  constellation  of  Orion.     When  a  com- 
3f2  (617) 
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mon  observer  looks  at  that  constellation,  the 
first  object  that  arrests  his  attention  is  the 
three  brilliant  stars  equi-distant  from  each 
other  in  a  straight  line,  which  is  called  the 
belt  of  Orion.  Immediately  below  these, 
hanging-  down  as  it  were  from  the  middle  of 
the  belt,  three  small  stars  at  nearly  equal  dis- 
tances are  perceived,  which  are  termed  the 
sword.  On  directing  the  naked  eye  to  the 
middle  star  of  the  three,  the  observer  perceives 
Eomething  that  has  the  appearance  of  a  small 
star,  but  not  well  defined ;  this  is  the  great 
nebula  of  Orion  :  of  which,  however,  he  can 
form  no  definite  conception  till  his  eye  be  as- 
sisted by  optical  instruments.  With  a  com- 
mon one-foot  pocket  achromatic  telescope  the 
nebulosity  may  be  plainly  perceived ;  but  the 
higher  the  magnifying  power,  and  the  larger 
the  aperture  of  the  object  glass,  the  more 
brilliant  and  distinct  does  this  phenomenon 
appear,  along-  with  a  number  of  small  stars 
eonnectpd  with  it,  which  are  qiiite  invisible  to 
the  unassisted  eye. 


The  first  who  discovered  this  phenomcnoc, 
was  the  celebrated  Huygens,  who  gave  th*j 
following  description  of  it  in  his  Systema  Sa- 
iui'nium  : — "  Astonomers  place  three  stars 
close  to  each  other  in  the  sword  of  Orion 
and  when  I  viewed  the  middlemost  with  a 
telescope  in  the  year  1656,  there  appeared,  in 
the  place  of  that  one,  twelve  other  stars; 
among  these,  three  that  almost  touch  each 
other,  and  four  more  besides  appeared  twink- 
ling aS  through  a  cloud,  so  that  the  space 
about  them  seemed  much  brighter  than  the 
rest  of  the  heavens,  which  appearing  wholly 
blackish,  by  reason  of  the  fair  weather,  was 
seen  as  through  a  certain  opening,  through 
which  one  had  a  free  view  into  another  region 
which  was  more  enlightened.  I  have  fre- 
quently observed  the  same  appearance  in  the 
same  place,  without  any  alteration;  so  that 
it  is  likely  that  this  wonder,  whatever  it  ma}-- 
be  in  itself,  has  been  there  from  all  times;  but 
I  nevei  took  notice  of  any  thing  like  it  among 
the  rest  of  the  fixed  stars." 

Fig.  72  exhibits  a  view 
'^^fS  of  this  phenomenon  an 
Si!./1  seen  by  Dr.  Long  in  1741 
with  a  seventeen-feet  re- 
Jj  fi  acting  telescope,  which 
'-'"  appears  exactly  the  same 
shape  as  originally  deli- 
neated by  Huygens ;  but 
the  app-arent  magnitudes 
of  the  stars  connected 
with  it  are  more  accu- 
rately shown  than  in  the 
engraved  delineation  of 
Huygens.  Dr.  Long  says 
that  the  luminous  space 
has  sometimes  appeared 
to  him  nearly  of  the  same 
shape  as  the  figure  which 
is  formed  by  the  seven 
stars  within  it.  Fig.  73 
represents  the  same  ne- 
bula, as  seen  by  Sir  W, 
Hersc^hel  in  the  year  1774 
and  in  1811.  Its  shape 
appears  considerably  dit" 
ferent  from  the  delinea- 
tions of  Huygens  and  Dr. 
Long ;  but  the  stars  with- 
in and  around  it,  whicii 
aie  common  to  both  de- 
Imeations,  appear  neiirly 
m  the  same  relative  posi- 
tion. Sir  John  HerscheJ 
has  given  a  representation 
of  this  nebula,  as  viewed 
through  the  twenty-feel 
reflector  at  Slough,  which 
appears  considerably  dif- 
ferent fi-om  the  figures  so 
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which  [have  referred.  I  have  frequently  viewed 
♦his  phenomenon  with  telescopes  of  different 
sizes,  particularly  with  a  six  feet  and  a  half 
achromatic,  having  an  aperture  of  four  inches 
diameter,  and  which  showed  sidereal  objects 
with  great  brilliancy  and  distinctness ;  but  the 
shape  of  the  object  appeared  moi'e  nearly  re- 
sembling Dr.  Long's  representation  (fig.  72) 
than  any  other  delineation  I  have  seen.  A 
fourth  star  was  distinctly  seen  in  addition  to 
the  three  represented  by  Dr.  Long  near  the 
head  of  the  opening,  but  smaller  than  the 
other  three,  and  forming  with  them  a  small 
irregular  square.  The  three  other  stars,  in- 
liitead  of  being  luithin  the  one  side  of  the  ne- 
bula, as  represented  in  both  the  figures,  ap- 
peared quite  beyond  it,  but  nearly  in  a  lino 
with  its  margin.  Whether  this  was  owing 
lo  the  inaccuracy  of  the  delineation  or  to  the 
actual  change  of  the  nebula  I  do  not  pretend 
to  determine.  The  left-hand  branch  of  the 
nebula  likewise  appeared  considerably  longer 
than  hf^re  represented ;  but  I  cannot  pretend 
to  say  what  the  appearance  may  be  as  seen 
through  a  twenty-feet  reflecting  telescope. 

In  forming  a  proper  conception  of  tliis  ob- 
ject, it  is  of  some  importance  to  ascertain  the 
exafet  appearance  it  has  presented  at  dilTerent 
periods,  and  whether  there  be  reason  to  con- 
clude that  it  has  been  subject  to  changes.  The 
following  is  Sir  J.  Herschel's  description  of 
this  phenomenon  : 

"  I  know  not  how  to  describe  it  better  than 
by  comparing  it  with  a  curdling  liquid,  or  a 
surface  strewed  over  with  flocks  of  wool,  or  to 
the  breaking  up  of  a  mackerel  sky,  when  the 
clouds  of  which  its  consists  begin  to  assume  a 
cirrous  appearance.  It  is  not  very  unlike  the 
mottlmg  of  the  sun's  disk,  only,  if  I  may  so 
express  myself,  the  grain  is  much  coarser  and 
the  intervals  darker,  and  the  flocculi,  instead 
of  being  generally  round,  are  draw;n  into 
little  wisps.  They  present,  however,  an  ap- 
pearance of  being  composed  of  stars,  and 
their  aspect  is  altogether  diHerent  from  that 
of  resolvable  nebula?.  In  the  latter  we  fancy 
by  glimpses  that  we  see  stars,  or  that  could 
we  strain  our  sight  a  little  more  we  would 
see  them;  but  the  former  suggests  no  idea  of 
stars,  but  rather  of  something  quite  distinct 
from  them." 

The  following  are  some  of  Sir  W.  Her- 
schel's remarks  on  this  nebula,  and  on  the 
stars  with  which  it  is  connected  : 

"  In  the  year  1774,  the  4th  of  March,  I  ob- 
served the  nebulous  star  which  is  the  43d,  of 
the  Connoissance  des  Temps,  and  is  not  many 
minutes  north  of  the  great  nebulse  ;  but  at  the 
same  time  I  also  took  nocice  of  two  similar, 
but  much  smaller,  nebulous  stars,  one  on  each 
side  of  the  large  one  and  at  nearly  equal  dis- 
tances from  it.     (See  fig.  73,  <fec.}     In  1783, 


I  examined  the  nebulous  star,  and  found  it  Ui 
be  faintly  surrounded  with  a  circular  glory 
of  whitish  nebulosity,  faintly  joining  it  to  the 
great  nebulae.  About  the  latter  end  of  that 
year,  I  remarked  that  it  was  not  equally  sur- 
rounded, but  most  nebulous  towards  the  south. 
In  1 784, 1  began  to  entertain  an  opinion  that 
the  star  was  not  connected  with  the  nebu- 
losity of  the  great  nebulae  of  Orion,  but  was 
one  of  those  which  are  scattered  over  that 
part  of  the  heavens.  In  1801,  1806,  and  1810, 
this  opinion  was  fully  conArmed  by  the  gradual, 
change  which  happened  in  that  great  nebulse 
to  which  the  nebulosity  surrounding  the  star 
belongs  ;  for  the  intensity  of  light  about  the 
nebulous  star  had  by  this  time  been  consider- 
ably reduced  by  the  attenuation  of  dissipa- 
tion of  the  nebulous  matter,  and  it  seemed 
now  to  be  pretty  evident  that  the  star  is  far 
behind  the  nebulous  matter,  and  that  conse- 
quently its  light  in  passing  through  it  ia 
scattered  and  deflected  so  as  to  produce  the 
appearance  of  a  nebulous  star."  .  .  .  .  "  When 
I  viewed  this  interesting  object  in  December, 

1810,  I  directed  my  attention  particularly  to 
the  two  nebulous  stars  by  the  sides  of  the 
large  one,  and  found  they  were  perfectly  free 
from  every  nebulous  appearance,  which  con- 
firmed not  only  my  former  surmise  of  the 
great  attenuation  of  the  nebulosity,  but  also 
proved  that  their  former  nebulous  appearance 
had  been  entirely  the  elfect  of  the  passage  of 
their  feeble  Hght  through  the  nebulous  matter 
spread  out  before  them.  The  1 9th  of  January, 

1811,  I  had  another  critical  examination  of 
the  same  object,  in  a  very  clear  view,  through 
the  forty-feet  telescope;  but  notwithstanding 
the  superior  light  of  this  instrument,  I  could 
not  perceive  any  remains  of  nebulosity  about 
the  two  small  stars,  which  were-  perfectly 
clear,  and  in  the  same  situation  where  about 
thirty-seven  years  before  I  had  seen  them  in- 
volved in  nebulosity.  If,  then,  the  light  of 
these  three  stars  is  thus  proved  to  have  un- 
dergone a  visible  modification  in  its  passage 
through  the  nebulous  matter,  it  follows  that 
its  situation  among  the  stars  is  less  distant 
from  us  than  the  largest  of  the  three,  which  I 
suppose  to  be  of  the  eighth  or  ninth  magnitude. 
The  furthest  distance,  therefore,  at  which  we 
can  place  the  faintest  part  of  the  great  nebula 
in  Orion,  to  which  the  nebulosity  surround- 
ing the  star  belongs,  cannot  well  excrcd  the 
region  of  the  stars  of  the  seventh  or  eighth 
magnitude." 

From  these  observation  it  would  appear 
that  the  nebulosities  connected  with  the  great 
nebula  are  subject  to  certain  changes,  and 
that  its  distance  from  our  system  is  less  than 
that  of  stars  of  the  eighth  magnitude,  since  a 
portion  of  the  nebulous  matter  interposes  be- 
tween our  sight  and  stars  of  this  descriptba. 
(619) 
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But  this  distance  must  be  veiy  great.  If  stars 
of  the  eighth  magnitude  are  to  be  '^.onsidered 
it  an  average  as  eight  times  further  distant 
than  those  of  the  firgt,  then  this  nebula,  can- 
not be  supposed  to  be  less  than  320,000,000,- 
000,000,  or  three  hundred  and  twenty  billions 
of  miles  from  the  earth.  If  its  diameter  at 
this  distance  subtend  an  angle  of  ten  minutes, 
which  it  nearly  does,  its  magnitude  must  be 
utterly  inconceivable.  It  has  been  calculated 
that  it  must  exceed  2,000,000,000,000,000,- 
000,  or  two  trillions  of  times  the  dimensions 
of  the  sun,  vast  and  incomprehensible  as  these 
dimensions  are. 

This  nebula  has  never  yet  been  resolved 
into  stars  by  the  highest  powers  of  the  tele- 
scope that  have  yet  been  applied ;  nor  is  there 
any  reason  to  believe  that  it  consists  of  a 
system  of  stars,  as  is  the  case  with  many  other 
nebulffi  which  appear  much  smaller,  and  are 
evidently  more  distant.  It  is  therefore,  in  all 
probability,  a  mass  of  self-luminous  matter  not 
yet  formed  into  any  system  or  systems,  but  of 
what  nature  it  would  be  vain  to  conjecture. 
Whether  it  is  more  condensed  than  when  it 
was  first  observed  nearly  two  hundred  years 
ago,  as  some  have  conjectured,  or  whether 
any  portions  of  it  have  shifted  their  position, 
as  seems  to  have  been  the  opinion  of  Sir  W. 
Herschel  from  the  observations  above  stated, 
appears  on  the  whole  somewhat  uncertain. 
On  this  point  Sir  J.  Herschel  makes  the 
following  remark  :  —  "  Several  astronomers, 
on  comparing  this  nebula  with  the  figures  of 
it  handed  down  to  ufe  by  its  discoverer,  Huy- 
gens,  have  concluded  that  its  form  has  under- 
gone a  perceptible  change;  but  when  it  is 
considered  how  difficult  it  is  to  represent  such 
an  object,  duly,  and  how  entirely  its  ap- 
pearance will  differ  even  in  the  same  tele- 
scope, according  to  the  clearness  of  the  air, 
or  other  temporary  causes,  we  shall  readily 
admit  that  we  have  no  evidence  of  change 
that  can  be  relied  on." 

The  phenomenon  we  have  now  been  con- 
templating is  calculated  to  suggest  a  train  of 
reflections  and  inquires — What  is  the  grand 
design  in  the  system  of  nature  of  such  an  im- 
mense mass  of  luminosity — a  mass  of  lumi- 
nous msitter  to  which  the  whole  solar  system 
is  but  only  as  a  point — a  mass  at  least 
twenty-nine  millions  of  times  larger  than  a 
globe  w^hich  would  Jill  the  orbit  of  Uranus  P* 
Is  it  in  a  state  of  perfection  completely  answer- 
ing the  ultimate  end  of  its  creation,  and  will 
it  remain  for  ever  in  that  state  ]  Or,  is  it 
only  a  chaotic  mass  of  materials  progressing 
towards  some  glorious  consummation  in  the 
future  ages  of  eternity,  when  worlds  and  sys- 
tems will  be  evolved  from  the  changes  and 
revolutions  now  going  forward  within  its 
*  See  page  93. 
(620) 


boundaries  1  Or,  may  we  suppose  that  »  ly- 
minosity  of  so  vast  extent  serves  the  purpose 
of  a  thousand  suns  to  ten  thousands  of  opaquk* 
globes  which  revolve  within  its  wide  circum- 
ference ]  Considering  the  diversified  methods 
of  Divine  operation,  and  the  vast  variety  of 
modes  by  which  worlds  are  arranged  and  en- 
lightened, it  is  not  imposible,  nor  even  impro- 
bable, that  numerous  worlds  may  be  in  this 
way  illuminated  with  a  perpetual  and  unin- 
terrupted day.  As  there  appear  to  be  w^orlds 
connected  with  one  sun,  with  two,  with  three, 
and  even  more  suns,  so  there  may  be  thousands 
of  worlds  cheered  and  illuminated  without 
such  a  sun  as  ours,  and  with  an  elfiilgence  of 
light  which  is  common  to  them  all.  But  on 
these  points  we  shall  never  be  able  to  arrive 
at  certainty  so  long  as  we  sojourn  in  this 
sublunary  sphere.  Suflice  it  to  say,  that  such 
an  enormous  mass  of  luminious  matter  was 
not  created  in  vain,  but  serves  a  purpose  in 
the  divine  arrangements  corresponding  to  its 
magnitude  and  the  nature  of  its  luminosity, 
and  to  the  wisdom  and  hitelligence  of  Him 
whose  power  brought  it  into  existence.  I* 
doubtless  subserves  some  important  purposes, 
even  at  the  present  moment,  to  worlds  and 
beings  within  the  range  of  its  influence. 
Were  .we  placed  as  near  it  as  one-half  the 
distance  of  the  nearest  star,  great  as  that  dis- 
tance is,  from  such  a  point  it  would  exhibit 
an  effulgence  approximating  to  that  of  the 
sun ;  and  to  beings  at  much  nearer  distances 
it  would  fill  a  large  portion  of  the  sky,  and 
appear  with  a  splendour  inexpressible.  But 
the  ultimate  design  of  such  an  object,  in  all 
its  bearings  and  relations,  may  perhaps  re- 
main to  be  evolved  during  the  future  ages  of 
an  interminable  existence ;  and,  like  many 
other  objects  in  the  distant  spaces  of  creation, 
it  excites  in  the  mind  a  longing  desire  to  be- 
hold the  splendid  and  mysterious  scenes  of  the 
universe  a  little  moi-e  unfolded. 

Sectioi^  V. 

On  the  Nebular  Hypothesis, 

I  have  already  stated  that  the  nebulae  may 
be  arranged  into  two  classes,  the  resolvable 
and  irresolvable.  When  Sir  W.  Herschel 
commenced  his  observations  on  the  nebulous* 
part  of  the  heavens,  and  for  several  yeaiv 
afterwards,  he  was  disposed  to  consider  the 
nebulas  in  general  to  be  no  other  than  clus» 
ters  of  stars  disguised  by  their  very  great  dis- 
tance; but  a  long  experience  and  bettei 
acquaintance  with  the  nature  of  nebulae  con- 
vinced him  that  such  a  principle  ought  not  tc 
be  universally  admitted,  although  a  cluster  of 
stars  may  undoubtedly  assume  a  nebulous 
appearance  when  it  is  too  remote  for  us  to 
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<llscem  the  stars  of  which  it  is  composed. 
When  he  perceived  that  additional  hght  had 
no  effect  in  resolving  certain  nebulae  into  stars, 
he  was  forced  to  the  conclusion,  that  though 
milky  nebulae  may  contain  stars,  yet  there  are 
also  nebulosities  vthich  are  not  composed  of 
them,  nor  immediately  connected  with  them. 

Hence  astronomers  have  been  constrained 
l;3  admit  the  existence  of  a  certain  species  of 
(ine  luminous  matter,  distinct  from  stars,  or 
planets,  or  any  other  materials  existing  around 
us,  which  is  diffused  in  immense  masses 
throughout  the  spaces  of  the  universe.  The 
large  nebula  in  Orion,  described  above,  is 
considered  as  one  of  the  most  striking  evi- 
dences that  such  a  substance  is  distributed 
throughout  the  sidereal  regions  ;  for  the  whole 
light  and  power  of  Herschel's  forty-feet  tele- 
«cope,  though  four  feet  in  aperture,  was  in- 
sufficient to  resolve  it  into  stars,  although 
from  certain  circumstances  it  appears  to  be 
one  of  the  nearest,  as  it  is  one  of  the  bright- 
est, of  those  nebulous  masses.  It  has  there- 
fore become  a  subject  of  interesting  inquiry, 
"  What  are  those  huge  masses  of  unformed 
matter  we  call  the  nebulae  1  and  what  pur- 
poses do  they  serve  in  the  economy  of  crea- 
tion T' 

It  is  an  opinion  now  very  generally  enter- 
tained, that  the  self-luminous  matter  to  which 
we  refer  is  the  chaotic  materials  out  of  which 
new  suns  or  worlds  may  be  formed,  and  that 
it  is  gradually  concentrating  itself  by  the 
effect  of  its  own  gravity,  and  of  the  circular 
motions  of  which  it  may  be  susceptible,  into 
denser  masses,  so  as  ultimately  to  effect  the 
arrangement  and  establishment  of  sidereal 
systems.  It  is  argued  that  this  opinion  is 
highly  probable,  from  the  consideration  that 
we  find  the  nebulae  in  almost  everi/  stage  of 
condensation.  Such  nebulae  as  are  repre- 
sented in  Figures  59  and  62  are  viewed  as 
consisting  of  nebulous  matter  in  its  rudest 
and  most  chaotic  state ;  and  Figures  63,  64, 
65,  and  also  Figures  66,  67,  68,  as  similar 
matter  in  a  state  of  progress  towards  conden- 
sation. The  four  figures  marked' 71  are  con- 
sidered as  specimens  of  this  gradual  conden- 
sation, in  which  the  progress  may  be  traced 
from  the  left-hand  figure  to  the  right.  It  has 
ever  been  maintained  by  some  late  writers  on 
this  subject  that  this,  in  all  probability,  is  the 
mode  in  which  the  different  systems  of  the 
universe  were  gradually  brought  into  the  state 
in  which  we  now  behold  them,  and  that  tiie 
sun  and  planets  of  the  system  to  which  we 
belong  derived  their  origin  from  a  similar 
cause ;  and  it  has  likewise  been  attempted  to 
connect  fha  geological  changes  in  the  structure 
of  our  globe  with  the  operation  of  a  principle 
or  law  by  which  such  a  thin  filmy  substance 
fiu^  a  nebula  was  condensed  into  such  a  hete- 


rogeneous mass  of  solidity  as  we  find  in  the 
constitution  of  the  terraqueous  globe ;  and  it 
has  been  insinuated  that  the  zodiacal  light  is 
a  portion  of  the  original  nebula  of  which  the 
sun  and  planets  were  formed,  and  a  presump- 
tive evidence  that  the  nebular  hypothesis  is 
true.  According  to  tliese  theorists,  the  sun 
is  still  to  be  considered  as  a  nebulous  star  in 
a  high  state  of  condensation,  and  may  exhibit 
such  an  appearance  when  viewed  from  a 
neighbouring  system. 

Such  conclusions,  to  say  the  least,  are  ob- 
viously premature.  We  know  too  httle,  in 
the  mean  time,  of  the  nature  of  that  nebulous 
matter  which  is  dispersed  through  the  hea- 
vens, or  of  the  motions  with  which  its  parti- 
cles may  be  endued,  to  be  able  to  determine 
its  suscepti})ility  of  being  condensed  and  ar- 
ranged into  suns  and  planets.  We  have 
never  yet  seen  the  same  nebula  progressing 
from  one  stage  of  condensation  to  another, 
from  a  chaotic  to  a  state  of  organization ;  nor 
is  it  likely  we  ever  shall,  even  supposing  the 
hypothesis  to  be  well  founded,  as  an  indefinite 
number  of  years,  or  even  of  ages,  must  bft 
requisite  before  such  a  revolution  can  be  ac- 
complished. Yet  the  observations  of  future 
astronomers  on  this  department  of  the  side 
real  heavens  may  tend  to  throw  some  addi 
tional  light  on  this  mysterious  subject. 

It  forms  no  conclusive  argument,  however, 
against  this  hypothesis  that  it  is  difficult  to 
conceive  how  a  fluid  of  a  nature  so  apparently 
rare  can  ever  be  condensed  to  the  hardness 
of  a  planet  or  a  sun ;  for  if  we  suppose  a  ne- 
bulosity in  its  most  diffused, state  to  be  twenty 
minutes  in  diameter,  and  to  be  compressed  by 
central  attraction  and  rotary  motion  till  it  be- 
come only  one  minute  in  diameter,  the  ratio 
of  its  density  in  the  latter  state  compared  with 
that  of  the  former  would  be  as  eight  thousand 
to  one,  since  spheres  are  to  each  other  as  the 
cubes  of  their  diameters.  Suppose  its  den- 
sity in  the  first  state  were  equal  to  that  of 
atmospheric  air ;  its  density,  when  compressed 
in  the  proportion  supposed,  would  be  nine 
times  heavier  than  water,  which  is  nearly 
equal  to  the  weight  of  silver,  and  twice  the 
average  density  of  our  globe ;  but  if  i'uch  a 
process  be  going  on  in  any  of  these  bodies, 
numerous  ages  must  elapse  before  such  a 
consolidation  can  be  effected,  for  no  sensible 
change  appears  to  have  taken  place  during 
the  period  in  which  such  bodies  ha^e  com© 
under  our  observation. 

Nor  do  we  conceive  that  this  hypothesis  is 
inconsistent  with  what  we  know  of  the  attri- 
butes and  operations  of  the  Almighty ;  for  all 
the  movements  and  changes  gomg  on  m  our 
terrestrial  system  and  throughout  the  universe 
are  the  effects  of  certain  laws  impressed  upon 
matter  by  the  hand  of  the  Creator,  by  tii^ 
(621) 
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'.iniform  operation  of  which  hi?  wise  and  be- 
neticient  designs  are  accomplished.  If,  then, 
it  forms  a  part  of  his  designs  that  new  suns 
and  systems  shall  be  formed  to  diversify  the 
spaces  of  immensity,  and  if  he  has  created 
huge  masses  of  subtile  luminous  matter,  and 
endued  them  with  certain  gravitating  powers 
and  rotary  motions  for  this  purpose,  his 
almighty  agency  and  infinite  wisdom  may  be 
as  clearly  and  magnificently  displayed  in  this 
case  as  if  a  system  of  worlds,  completely  or- 
ganized, were  to  start  into  existence  in  a  mo- 
ment. Perhaps  the  gradual  evolution  of  his 
designs  in  such  a  case  might  afford  matter  of 
admiration  and  enjoyment  to  certain  orders 
of  superior  beings  who  are  privileged  to  take 
a  near  view  of  such  stupendous  operations. 
But  supposing  such  physical  processes  going 
forward,  we  must  necessarily  admit  that  a 
direct  interference  of  the  Deity  is  necessary 
before  such  worlds,  after  being  organized,  can 
be  replenished  with  inhabitants  ;  for  matter 
and  motion,  by  whatever  laws  thej'^  may  be 
directed,  cannot  be  supposed  to  produce  the 
organization  of  a  plant  or  an  animal,  much 
less  of  a  rational  being,  whose  intellectual 
principle  and  faculties  must  be  communicated 
by  the  immediate  "inspiration  of  the  Al- 
mighty." To  suppose  otherwise  would  be 
virtually  to  adopt  a  species  of  atheism. 

All  that  we  require  on  this  point  is  some 
more  direct  and  decisive  proofs  of  the  validity 
of  the  hypothesis  we  are  now  considering ; 
and  till  such  proofs  be  elicited  we  are  not 
warranted  to  enter  into  particular  specula- 
tions, and  to  speak, with  so  much  confidence 
on  the  subject  as  certain  theorists  have  lately 
done.  Sir  John  Herschel,  who  has  paid  more 
attention  to  this  subject,  and  made  more  ac- 
curate observations  on  this  nebulae,  than 
almost  any  other  individual,  is  far  from  being 
confident,  and  speaks  with  becoming  hesitation 
and  modesty  in  relation  to  this  hypothesis. 
"If  it  be  true,"  says  he,  "that  a  phospho- 
rescent or  self-luminous  matter  exists,  dissemi- 
nated through  extensive  region's  of  space  in 
the  manner  of  a  cloud  or  fog,— now  assuming 
capricious  shapes  like  actual  clouds  drifted  by 
the  wind,  and  now  contracting  itself  like  a 
cometic  atmosphere  around  particular  stars — • 
what,  we  naturally  ask,  is  the  nature  and  des- 
tination of  this  nebulous  matter'?  Is  it  ab- 
sorbed by  the  stars  in  whose  neighbourhood 
it  is  found  to  furnish,  by  its  condensation, 
their  supply  of  light  and  heat  7  or  is  it  pro- 
gressively concentrating  itself  by  the  effect  of 
it«  own  gravity  into  masses,  and  so  laying  the 
foundation  of  new  sidereal  systems  or  of  insu- 
lated stars  1  It  is  easier  to  propound  suck 
questions  than  to  offer  any  probable  reply  to 
tiiem.  Meanwhile,  appeal  to  fact,  by  the 
tnethod  of  constant  and  diligent  observation, 
(622) 


is  open  to  U6  ;  and  as  the  double  stars  hay  9 
yielded  to  this  style  of  questioning,  and  diri-- 
closed  a  series  of  relations  of  the  most  intelli- 
gible and  interesting  description,  we  may 
reasonably  hope  that  the  assiduous  study  of 
the  ncbuljE  will  ere  long  lead  to  some  clearer 
understanding  of  their  intimate  nature." 

On  the  whole,  the  nebulas,  v^^hether  resolvo 
able  or  irresolvable,  open  to  view  an  inex- 
haustible  field  of  contemplation  and  wonder. 
By  far  the  greater  part  of  the  nebulfs  are  un- 
doubtedly clusters  of  stars,  some  of  them  per- 
haps containing  as  many  millions  as  our 
Milky  Way,  and  occupying  a  space  in  the 
tracts  of  immensity  which  imagination  can 
never  fathom  ;  but  a  considerable  proportion 
of  these  bodies  evidently  appear  to  be  masses 
of  self-luminous  substances,  v/ithout  any  indi- 
cation of  being  formed  into  organized  systems ; 
and  how  enormous  must  be  the  extent  of 
most  of  those  masses,  and  how  vast  the  re- 
gions of  space  which  they  fill !  If  every  one 
of  those  bodies  be  only  one-half  the  size  of 
the  great  nebula  in  Orion,  what  a  prodigious 
mass  of  matter  must  they  contain,  and  what 
an  immense  space  must  hundreds  and  thou- 
sands of  them  occupy  I  To  limited  minds 
such  as  ours,  such  spaces  appear  as  approxi- 
mating to  infinitij,  and  all  our  previous  ideas 
of  the  amplitude  of  planetary  systems  sink 
into  something  approaching  to  inanity. 
Whatever  purposes  these  immense  masses 
of  matter  may  serve  under  the  administration 
of  Infinite  Wisdom,  certain  it  is  they  exist 
not  in  vain.  They  accomplish  designs  worthy 
of  the  plans  of  Divine  Intelligence,  and  have 
doubtless  a  relation,  in  one  respect  or  another, 
to  the  enjoyments  of  intelligent  beings ;  but 
the  full  developement  of  the  plans  and  agencies 
of  the  Deity  in  this  and  in  many  other  parts 
of  the  economy  of  the  universe,  must  be  con- 
sidered as  reserved  for  another  and  a  futu'^e 
scene  of  existence. 

SECTI0]^r  VI. 

List  of  some  of  the  Larger  Nebulse, 

For  the  sake  of  those  who  wish  to  inspect 
some  of  the  nebulous  bodies  by  means  of  tele- 
scopes, I  have  subjoined  the  following  hst 
from  Messier's  Catalogue,  along  with  tho 
more  recent  observations  of  Sir  W.  Herschel. 
The  right  ascensions  and  declinations  are 
given  in  degrees  and  minutes,  by  which  the 
places  of  these  bodies  may  be  very  nearly 
found  on  a  celestial  globe.  If  it  be  judged 
expedient  to  reduce  the  degrees  and  minuto« 
of  right  ascension  to  timej  it  may  be  done  by 
the  following  rules :— Divide  the  number  of 
degrees  by  15,  the  quotient  is  hours;  and  the 
remainder  reduced  to  minuter  and  divided  by 
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15,  gives  the  minutes,  &c.  of  time:  or,  multi- 
ply the  given  number  of  degrees  and  minutes 
by  4,  and  divide  the  degree?:  in  the  product 
by  60,  the  quotient  is  hours,  and  the  remain- 
der minutes,  &c.  Thus,  320°  17''  is  equal 
to  21  hours,  21  minutes,  and  8  seconds  of 
time. 

In  the  following  list,  R.  A.  means  right  as- 
cension; dec,  declination,  S.,  south;  N., 
north  ;  diam.,  diameter  of  the  object,  which  is 
expressed  in  minutes  of  a  degree. 


10 


n. 


12. 


R.A.  80°  0'  33'^;  dec.  N.  21°  45'  27^'; 
above  the  Bull's  southern  horn  west  of 
the  star  J:  this  consists  of  a  whitish 
light,  elongated  like  the  flame  of  a  taper : 
it  exhibited  a  mottled  nebulosity  to  Sir 
W.  Herschel. 

R.A.  320°  17';  dec.  S.  1°  47';  diam.  4'; 
in  the  head  of  Aquarius,  near  the  24th 
star :  it  appears  like  the  nucleus  of  a 
comet,  surrounded  with  a  large  round 
nebula;  Sir  W.  Herschel  resolved  it 
into  stars. 

R.A.  202°  51'  19";  dec.  N.  29°  32' 
57";  diam.  3';  between  Arcturus  and 
Cor  Caroli :  it  is  round,  bright  in  the 
centre,  and  fades  away  gradually :  it 
exhibited  a  mottled  nebulosity  to  Sir  W. 
Herschel. 

R.A.  242°  16'  26";  dec.  S.  25°  55'  40"  ; 
diam,  2A';  near  Antares :  a  mass  of 
stars, 

R.A.  226°  39';  dec.  N.  2°  57';  diam. 
3' ;  near  6  Seppent :  a  round  nebula, 
resolved  into  stars  by  Sir  W.  Herschel. 
R.A.  261°  10' 39";  dec.  S.  32°  10'  34"; 
diam.  1.5';  between  the  bow  of  Sagitta- 
rius and  the  tail  of  Scorpio:  a  mass  of 
small  stars. 

R.A.  264°  30'  24" ;  dec.  S.  34°  40'  34"; 
diam,  30' :  a  mass  of  small  stars  near  the 
preceding. 

R.A.  267°  29'  30";  dec.  S.  24°  21'; 
diam.  30';  between  the  bow  of  Sagitta- 
rius and  the  right  foot  of  Ophiuchus :  an 
elongated  mass  of  stars.  Near  this  mass 
is  the  9th  of  Sagittarius,  which  is  encir- 
cled with  a  faint  light. 

R.A.  256°  20^';  dec.  S.  18°  13'  26"; 
diam.  3' ;  in  the  right  leg  of  Ophiuchus: 
round  and  faint,  but  resolved  by  Sir  W. 
Herschel  into  stars. 

R.A.  251°  12'  6";  dec.  S.  30°  42'; 
diam.  4';  in  the  girdle  near  30  Ophiu- 
chus: a  fine  and  round  nebula,  resolved 
into  stars  by  Sir  W.  Herschel. 

R.A.  279^  35^  43";  dec.  S.  6°  31'; 
diam.  4' ;  near  K  Antinous ;  a  mass  of 
many  stars,  mixed  with  a  faint  light. 

R.A.  U8°  43';  dec.  S.  2°.30i';  diam. 
3',  between   the  arm  and  left  side  of 


Ophiuchus :  round  and  faint  near  it  i,« 
a  star  of  the  ninth  magnitude  :  resolved 
into  stars  by  Sir  W.  Herschel. 
,  R.A.  248°  18'  48";  dec.  N.  36°  54' 
44";  diam.  6';  in  the  girdle  of  Her- 
cules, between  two  stars  of  the  eighth 
magnitude ;  round,  and  bright  in  the 
middle,  resolved  into  stars  by  Sir  W. 
Herschel. 

R.A.  261°  18^';  dec,  S.  3°  5'  45"; 
diam.  7' ;  in  the  drapery  over  the  right 
arm  of  Ophiuchus:  round  and  faint: 
near  a  star  of  the  ninth  magnitude  :  n> 
solved  into  stars  by  Sir  W.  Herschel. 

R.A.  319°  40';  dec.  N.  10°  40';  diam. 
3' ;  between  the  head  of  Pegasus  and 
that  of  the  Little  Horse :  round,  and 
bright  in  the  centre,  resolved  into  stars 
by  Sir  W.  Herschel. 

R.A.  271°  15';  dec.  N.  13°  51' 44" ; 
diam.  8' ;  near  the  Serpent's  tail ;  a 
mass  of  small  stars,  mixed  with  a  faint 
light,  resolved  by  Sir  W.  Herschel. 

R.A.  271°  45'  48";  dec.  S.  16°  14' 
44"  ;  diam.  5' ;  north  of  the  bow  of  Sa- 
gittarius: a  train  of  faint  light,  with 
stars. 

R.A.  271°  34';  dec.  S.  17°  13';  diam. 
5';  above  the  preceding:  a  mass  of 
small  stars,  surrounded  v/ith  nebulosity. 

R.A.  252°  1'  45"  ;  dec.  S.  25°  54'  46"  ; 
diam.  3' ;  between  Scorpio  and  the  right 
foot  of  Ophiuchus :  round,  and  resolved 
into  stars  by  Sir  W.  Herschel. 

R.A.  267°  4'  5";  dec.  S.  22°  59'  10"; 
between  the  bow  of  Sagittarius  and 
right  foot  of  Ophiuchus :  a  mass  of  stars 
of  the  eighth  and  ninth  magnitudes, 
suiTounded  with  nebulosity. 

R.A.  267°  31'  35";  dec.  S.  22°  31' 
25";  diam.  6';  near  11  Sagittarius: 
similar  to  the  preceding. 

R.A.  275°  28'  39"  ;  dec.  S.  24°  6'  11"; 
diam.  15';  near  25  Sagittarius :  round, 
and  resolved  into  stars  by  Sir  W.  Her- 
schel. 

R.A.  265°  42'  50";  dec.  S.  18°  45' 
55"  ;  diam.  1°  30' ;  near  65  Ophiuchus. 
a  mass  of  stars  very  near  each  other. 

R.A.  270°  26';  dec.  S.  18°  26';  near 
end  of  the  bow  of  Sagittarius  in  the 
Milky  Way:  great  nebulosity  contain- 
ing several  stars,  the  light  is  divided 
into  several  parts. 

R.A.  274°  25';  dec.  S.  19°  5';  diam. 
10';  near  preceding,  near  21  Sagitta- 
rius: a  mass  of  small  stars. 

R.A.  278°  5'  22";  dec.  S.  9°  38'  14"; 

diam.  2' ;    near  n  and  o  Antinous ;  a 

mass  of  small  stars. 

R.A.  237°   21'  41";    dec.  N.  22°  4', 

diam.  4' ;  near   14  of  the  Fox :  oval  : 
(623) 
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it  exhibited  a  mottled  nebulosity  to  Sir 
W.  Herschel. 

28.  R.A.  272°  29^' ;  dec.  vS.  24°  57' ;  diam. 

2' ;  a  degree  from  k  Sagittarius  ;  round,    47. 
and  resolved  into  stars  by  Sir  W.  Her- 
schel. 48. 

39.  R.A.  303°  54-1^  dec.  N.  37°  12';  below 
y  Oygni :  a  mass  of  seven  or  eight  small 
stars.  49. 

30.  R.A.  321°  46';  dec.  S.  24°  19';  diam. 

2' ;  near  41   Capricorn  :  round,  and  re-    50. 
solved  into  stars  by  Sir  W.  Herschel. 

31.  R.A.  7°   26^';  dec.  N.  39°   9^';  diam. 

40';  in  Andromeda's  girdle:  it  resem-    51. 
bles  two  cones  of  light  joined  at  their 
base,  which  is  15'  broad;  resolved  into 
stars  by  Sir  W.  Herschel. 

32.  R.A.  7°  27^' ;  dec.  N.  38°  45^' ;  diam. 

2';  below  the  preceding:  round,  with- 
out stars,  and  with  a  faint  light. 

33.  R.A.   20°   9'  ;  dec.  N.  29°  32^';  diam. 

15';  below  the  head  of  the  North  Fish  52. 
and  the  Great  Triangle  :  its  light  is  uni- 
form and  whitish :  it  exhibited  a  mottled 
nebulosity  to  Sir  W.  Herschel. 
34  R.A.  36°  51^' ;  dec.  N.  41°  39|' ;  diam. 
15';  between  Medusa's  head  and  the 
left  foot  of  Andromeda :  a  mass  of  small 
stars. 

35.  R.A.  88°  40' ;  dec.  N.  24°  33^' ;  diam.    53. 

20' ;  near  ^  and  »  Castor :  a  mass  of 
small  stars  near  Castor's  left  foot. 

36.  R.A.   80°  11' 42^';  dec.  N.  34°   8'   6";    54. 

diam.  9' ;  near  <^  Bootes :  a  mass  of 
small  stars. 

37.  R.A.  84°  15';   dec.  N.  32°  12';  near  the    55. 

preceding  :  a  mass  of  small  stars,  with  a 
nebulosity,  resolved  into  stars  by  Sir  W. 
Herschel.  56. 

38.  R.A.  78°  10';  dec.  N.   36°  12';  near  <r 

Aurigae :  a  square  mass  of  stars. 

39.  R.A.  320°  57' ;  dec.  N.  47°  25' ;  diam.    57. 

15';  near  the  Swan's  tail;  a  mass  of 
small  stars. 

40.  R.A.  182°  45^' ;  dec.  N.  59°  24' ;   diam.    58. 

1°  ;  at  the  root  of  the  Great  Bear's  tail  ; 
two  stars,  very  near  each  other.  59. 

41.  R.A.  98°  58' ;    dec.  S.  20°  33' ;  below 

Sirius :  a  mass  of  small  stars. 

42.  R.A.  80°  59'  40" ;  dec.  S.  5°  34'  6" ;    60. 

diam.   6' ;  between  0   and  c  in  Orion's 
sword;    a  beautiful   nebula    containing    61. 
seven  small  stars. 

43.  R.A.81°  3';  dec.  S.  5°  26' 37'';    above    62. 

the  preceding;  a  star  surrounded  with 
nebulosity. 

44.  R.A,   126°  50^';  dec.  S.  20°  31^';  be- 

tween y  and  8  Cancer ;  a  mass  of  small    63. 
stars. 

45.  R.A.   53°  27'  4";  dec.  N.  23°  22'  41";    64. 

the  Pleiades:  a  cluster  of  stars. 
*6.  R.A.   112°  47'  43";  dec.  S.   14°    19';    65. 
(624) 


between  the  Great  Dog's  head,  and  the 
hind  feet  of  the  Unicorn  ;  a  mass  of  stars 
with  a  little  nebulosity. 

R.A.  116°  4' ;  dec.  S.  14°  50' ;  near  the 
preceding  :  a  mass  of  small  stars. 

R.A.  120°  36';  dec.  S.  1°  16'  42", 
near  the  three  stars  at  the  root  of  Uni- 
corn's tail :  a  mass  of  small  stars. 

R.A.  184°  26'  58";  dec.  N.  9°  16'  9"- 
near  p  Virgo. 

R.  A.  102°  57^';  dec.  S.  7°  57' 42" ; 
above  0  Great  Dog;  a  mass  of  small 
stars  below  Unicorn's  right  thigh. 

R.A.  200°  5'  48";  dec.  N.  48°  24'  24"; 
below  >7  Great  Bear,  near  the  ear  of  the 
Northern  Grayhound :  double :  the  two 
atmospheres,  whose  centres  are  4'  35" 
distant,  touch  one  another,  and  are  bright 
in  the  middle ;  the  one  is  fainter  than 
the  other :  resolved  into  stars  by  Sir  W« 
Herschel. 

R.A.  348°  39^';  dec.  N.  60' 22";  be- 
low d  Cassiopeia :  a  mass  of  stars 
mixed  with  a  nebulosity,  according  to 
Sir  W.  Herschel ;  this  cluster  appears 
like  a  solid  ball,  consisting  of  small  stars, 
quite  compressed  into  one  blaze  of  light, 
with  a  great  number  of  loose  ones  sur- 
rounding it. 

R.A.  195°  30^' ;  dec.  N  19°  22'  44"  ; 
near  42  Berenice's  hair  :  round,  and  re- 
solved into  stars  by  SirW.  Herschel. 

R.A.  280°  13';  dec.  S.  30°  44';  diam. 
6' ;  in  Sagittarius :  faint,  and  bright  in 
the  centre. 

R.A.  291°  30^';  dec.  S.  31°  26^';  in 
Sagittarius :  a  white  spot,  resolved  into 
stars  by  Sir  W.  Herschel. 

R.A.  287°;  dec  N.  29°  48';  near  the 
Milky  Way,  faint,  resolved  into  stars  by 
Sir  W.  Herschel. 

R.A.  281°  20';  dec.  N.  32°  46';  between 
y  and  /3  Lyrse  :  round,  and  consisting  of 
a  mottled  nebulosity. 

R.A.  136°  37^' ;  dec.  N.  13°  2'  42" ;  in 
Virgo  :  very  faint,  without  any  star. 

R.A.  187°  41'  38";  dec.  N.  12°  52^'; 
near  the  preceding ;  very  faint,  without 
any  star. 

R.A.  188°  7' ;  dec.  N.  12°  46' ;  in  Virgo  ,- 
brighter  than  the  two  preceding. 

R.A.  182°  41' ;  dec.  N.  5°  12'  ;  in  Virgo  : 
very  faint. 

R.A.  251°  48^' J  dec.  S.  29°  45^';  in 
Scorpio :  like  a  comet,  with  a  brilliant 
centre  surrounded  with  a  faint  light ;  re- 
solved into  Stars  by  Sir  W.  Herschel. 

R.A.  196°  5^';  dec.  N.  43°  12^';  in  the 
Canes  Venatici :  very  faint. 

R.A.  191°  27'  38";  dec.  N.  22°  52^', 
in  Berenice's  hair  :  faint. 

R.A.  166°  51';  dec.  N.  14°  16';  in   the 
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66. 

67. 

68. 
69. 

70. 
71. 

72. 

73, 

74. 

75. 

76. 

77. 

78, 
79. 


81. 


82. 


Lion :   faint,  but  resolved  into  stars  by 
Sir  W.  Herschel. 

R.A.  167°  ir  39^^  dec.  N.  14°  12' 21''; 
very  near  the  preceding :  very  faint,  but 
resolved  into  stars  by  Sil  W.  Herschel.      83, 

R.A.  129°  7';   dec.  N.  12°  36'  38"  ;  be- 
low the  northern  claw  of  the  Crab :    a    84, 
a  mass  of  stars  with  nebulosity.     It  is  a 
cluster  pretty  much  compressed,  in  which 
Sir  W.  Herschel  has  observed  200  stars    85. 
at  once  with  a  power  of  1 57.  (See  p.  79.) 

R.A.  186°  54^' ;  dec.  S.  25°  30^^';  diam.    86, 
2' ;  below  the  Crow,  very  faint. 

R.A.    274°    11'    46";    dec.  S.  32°   31'    87. 
45" ;  diam.  2' ;   below  the   left  arm  of 
Sagittarius:  faint,  like  the  nucleus  of  a    88. 
small  comet. 

R.A.  277°    13';    dec.  S.  32°  31';  diam.    89. 
2' ;   near  the  preceding,  near  four  tele- 
scopic stars.  90. 

R.A.  295°   59'    9";  dec.   N.    18°    13'; 
diam.  3'  30";   between  y  and  5  of  the    91. 
Arrow:  very   faint,   and   resolved   into 
stars  by  Sir  W.  Herschel. 

R.A.310°20'49";    dec.  S.  13°  20' 51" ;    92. 
diam.  2' ;  above  the  tail  of  Capricorn : 
faint,  but  resolved  into  stars  by  Sir  W. 
Herschel. 

R.A.  311°  43';   dec.  S.  13°    28'   40" 
near  the  preceding:  three  or  four  small 
stars,  containing  a  little  nebulosity.  93. 

R.A.   21°    14';    dec.  N.  15°    39'   .3.5": 
near  rj  in  the  string  that  connects  the 
Fishes :  very  faint,  but  resolved  into  stars    94. 
by  Sir  W.  Herschel. 

R.A.  298°  17'  24"  ;    dec.  S.  22°  32'  23" ; 
between  Sagittarius  and   the  head   of    95. 
Capricorn :  composed  of  small  stars  with 
nebulosity.     The    astronomer    Mechain    96. 
makes  it  only  nebulous. 

R.A.  22°  10'  47"  ;   dec.  N.  50°  28'  48" ; 
diam.  2' ;  in  Andromeda's   right   foot :    97. 
composed  of  small  stars  with  nebulosity, 
small  and  faint. 

R,A.37°  52|';  dec.  S.   57'  43";  in  the    98. 
Whale :  a  mass  of  stars  containing  ne- 
bulosity. 99. 

R.A.  83°  53i' ;  dec.  S.  1'  23" ;  diam.  3' ; 
in  Orion :  a  mass  of  stars  with  two  bright 
nuclei,  surrounded  with  a  nebulosity. 

R.A.    78°  49';  dec.  S.  24°43";  below    100, 
the  Hare:  a  fine  nebula,  bright  in  the 
centre,  and  a  little  diffused,  resolved  into 
a  mottled  nebulosity  by  Sir  W.  Herschel.    101 

R.A.  241°;  dec.  S.  22°  25' ;  diam.  2' ; 
between  7/  and  8  Scorpio :  round,  aiid 
bright  in  the  centre,  like  a  comet. 

R.  A.  144°  27'  44" ;   dec.  N.  70°  7'  24" ; 
near  the  ear  of  the  Great  Bear:  a  little    102, 
oval,  bright  in  the  centre,  and  exhibiting 
a  mottled  nebulosity  to  Sir  W.  Herschel.    103, 

R.A.  144°29'22";   dec. N. 70°  44' 27" ; 
79 


near  the  preceding :  faint  and  elongated, 
with  a  telescopic  star  at  its  extremity; 
it  showed  a  mottled  nebulosity  to  Sir  W. 
Herschel. 
,  R.A.    201°  8';  dec.  S.  28°  42|';  near 

the  head  of  the  Centaur :  ver}'^  faint. 
R.A.    183°    30i';  dec.  N.   14°    7';    in 
Virgo:  bright  in   the   centre,  and  sur- 
rounded vnth  nebulosity. 
R.A.    183°  35'  21";  dec.  N.  19°  24|'; 

above  and  near  Spica :  very  faint. 

R.A.    183°  46'  21";    dec.   14°   10';  in 

Virgo :  the  same  as  No.  84,  and  near  it 

R.A.    184°   56';   dec.   N.    13°    38';   in 

Virgo :  as  luminous  as  the  preceding. 

R.A.  185°  16' ;  dec.  N.  15°  38' ;  in  Virgo: 

very  faint,  and  like  No.  58. 
R.A.  186°  9'  36"  ;   dec.  N.  13°  46'  49"; 
near  'No.  87 :  very  faint. 
R.A.    186°    27';   dec.  N.    14°    23';   in 

Virgo  :  very  faint. 
R.A.    186°  37' ;  dec.  N.  14°  57'  ;  abovo 
the   preceding:   fainter   than   the   pre- 
ceding. 

R.A.   257°  38';  dec.  N.  43°  22';  diam. 
6' ;  between  the  knee  and   left  leg  of 
Hercules ;  a  beautiful  nebula,  bright  in 
the   centre,  and  surrounded  with  great 
nebulosity :   resolved   into    stars   by  Sir 
W.  Herschel. 
R.A.  113°  48'  35" ;  dec.  S.  23°  19'  45" ; 
diam.  8' ;  between  the  Great  Dog  and 
Ship:  amass  of  small  st«"- 
R.A.  190°10'46";   dec.  N.  42^10  -^o    , 
diam.  2^' ;  above  Cor  CaroU :  bright  in 
the  centre,  with  a  diffused  nebulosity. 
R.A.    158°  3'  5";  dec.  N.  12°  50'  21"; 
in  the  Lion,  above /:  very  faint. 
R.A.    158°  46|';   dec.  N.  12°  58' ;  near 
the   preceding :    fainter  than   the   pre- 
ceding. 
R.A.    165°  18'  40";   dec.  N.  56°  13^' ; 
diam.  2' ;  near  j5  Great  Bear :  very  faint: 
another  near  it,  and  and  another  near  <y, 
R.A.  1 80°  50'  49" ;   dec.  N.  16°  8'  15" ; 
above  the  north  v^ing  of  Virgo :  very  faint. 
R.A.  181°  55'  19"  ;   dec.  N.  15°  37'^  12" ; 
on   tlie  north  wing  of  Virgo :  brighter 
than  the  preceding:  between  two  stars 
of  the  seventh  and  eighth  magnitude. 
R.A.  182°  59' 19";  decN.  16°  59' 21"; 
in  the  ear  of  corn  of  Virgo  :  brighter  than 
No.  98. 
.  R.A.  208°    52' ;   dec.  N.  55°   24'  25" ; 
diam.  7' ;  between  the  left  hand  of  Bootes 
and  the   tail  of  the  Great  Bear:  very 
faint:  discovered  by  Mechain :  mottled 
nebulosity,  according  to  Sir  W.  Herschel. 
Between  d  Bootes  and  /  Draconis :  very 
faint :  discbvered  by  Mechain. 
Between  i  and  5  Cassiopeia :  a  ma^  d 
stars. 

3G        (Q28i\ 
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CHAPTER  XIII. 

On  the  Aberration  of  the  Stars,  and  on  their  Proper  Motions. 


The  aberration  of  the  fixed  stars  is  a  small 
change  of  place  in  the  heavens  which  they 
seem  to  undergo,  and  by  which  they  appear 
to  describe,  in  the  course  of  a  year,  an  ellipsis 
or  circle,  the  greatest  diameter  of  which  is 
about  forty  seconds.  This  remarkable  fact 
was  discovered,  near  the  middle  of  the  last 
century,  by  the  celebrated  Dr.  Bradley,  for- 
merly Regius  Professor  of  Astronomy  at  Green- 
wich. 

In  Chapter  IV.,  when  describing  the  mode 
of  finding  the  parallaxes  of  the  fixed  stars,  I 
have  given  a  brief  detail  of  the  circumstances 
which  led  to  this  discovery,  and  the  observa- 
tions from  which  the  aberration  of  the  stars 
was  deduced.  Before  perusing  the  following 
illustrations  of  this  subject,  it  may  not  be  im- 
proper for  the  reader  to  reperuse  what  was 
there  stated  in  reference  to  this  point,  parti- 
cularly the  illustration  of  this  phenomenon 
given  in  the  description  of  Fig.  7,  (p.  34, 
35.)  It  is  there  stated  that  Dr.  Bradley  and 
his  friend  Mr.  Molyneux  were  very  much 
perplexed  at  the  result  of  their  observations  ; 
since,  instead  of  observing  a  motion  indicating 
an  annual  parallax,  they  found  a  result  direct- 
ly opposite  to  what  they  expected.  Many 
theories  and  conjectures  were  proposed  to 
solve  the  appearances,  but  nothing  satisfactory 
was  elicited,  till  one  day,  when  Dr.  Bradley 
was  enjoying  the  amusement  of  sailing  about 
on  the  Thames,  he  observed  that  every  time 
the  boat  tacked,  the  direction  of  the  wind,  es- 
timated by  the  direction  of  the  vane,  seemed 
to  change.  This  immediately  suggested  to 
nim  the  cause  of  the  phenomenon  which  had 
BO  much  perplexed  him,  and  he  ultimately 
found  it  to  be  an  optical  illusion  occasioned 
by  a  combination  of  the  motion  of  light  with 
the  motion  of  his  telescope  while  observing 
the  polar  stars — a  discovery  of  no  inconsider- 
able importance,  and  which  will  immortalize 
the  name  of  this  sagacious  and  indefatigable 
astronomer.  He  perceived  that,  if  light  is 
propagated  in  time,  the  apparent  place  of  a 
fLied  object  will  not  be  the  same  when  the 
eye  is  at  rest,  as  when  it  is  moving  in  any 
other  direction  than  that  of  the  line  passing 
through  the  eye  and  the  object ;  and  that, 
when  the  eye  is  moving  in  different  directions, 
the  apparent  place  of  the  object  will  be  dif- 
ferent. 

We  see  an  object  in  consequence  of  the 
(626) 


rays  of  light  proceeding  from  it  strikmg  cur 
eyes,  and  we  see  the  place  of  the  object  in  the 
direction  in  which  they  proceed.  If  light  he 
in  motion  and  the  eye  at  rest,  the  object  will 
appear  in  its  real  place,  provided  no  refracting 
medium  intervene ;  but  if  the  eye  be  in  mo- 
tion, and  this  motion  in  a  different  direction 
from  that  of  the  rays  of  fight,  the  object  will 
not  be  seen  in  its  true  position.  Let  us  sup- 
pose the  earth  in  its  circuit  round  the  sun  just 
arrived  opposite  to  a  fixed  star,  which  sends 
off  rays  perpendicularly  to  the  direction  of 
the  earth's  motion.  The  eye  of  the  spectator 
meets  the  ray,  and,  as  he  perceives  not  his 
own  motion,  he  supposes  the  light  to  be  moving 
in  a  different  direction ;  as  when  we  sail 
along  a  winding  river,  certain  objects  on  the 
banks  appear  to  pass  us  in  different^directions. 
The  eye  misses  the  perpendicular  ray,  but 
meets  an  oblique  one,  and  thence  receives  the 
impression  of  the  light  in  the  direction  which 
results  from  this  compound  motion — namely, 
in  the  diagonal  of  a  parallelogram,  the  sides 
of  which  represent  the  real  motion  of  light. 
The  spectator  sees  the  star  in  its  true  place 
only  when  he  is  approaching  it  or  receding 
from  it  in  a  straight  line.  When  moving  in 
any  other  direction,  the  star  appears  a  little  in 
advance  of  its  true  position ;  and  these  appa- 
rent changes  in  the  situation  of  the  heavenly 
bodies,  occasioned  by  the  annual  motion  of 
the  earth,  are  distinguished  by  the  aberration 
of  light.  They  are  common,  to  a  certain  ex* 
tent,  to  all  the  celestial  orbs,  and  are  only 
more  perceptible  and  striking  in  the  case  of 
the  fixed  stars.  In  consequence  of  this  aber- 
ration during  the  revolution  of  the  earth  round 
the  sun,  the  stars  appear,  according  as  they 
are  situated  in  the  plane  of  the  ecliptic,  or  in 
its  poles,  or  somewhere  between  them,  in  the 
first  case,  to  deviate  in  a  straight  line  to  the 
right  or  lefl  of  their  true  place ;  in  the  second, 
to  describe  a  circle,  or  something  nearly  ap- 
proximating to  it ;  and  in  the  third,  an  ellipse 
about  that  point  which  observation  determines 
to  be  their  real  situation. 

This  subject  requires  a  little  degree  of  at- 
tention in  order  to  a  clear  understanding  oi  it. 
Perhaps  the  following  illustrations  may,  in 
some  measure,  render  it  plain  to  the  general 
reader. 

Suppose  A  Bf  in  the  following  figure,  to 
represent  a  part  of  the  orbit  of  the  earth,  and 
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C  B  &  ray  of  light   descending   from  a  star    descent,  be  found  in  the  axis  of  the  tube ;  and 
upon  the  earth's  orbit,  A  B',  if  the  eye  be  at    a  spectator,  referring  to  the  tube  the  motion 

Fig.  74. 
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rest  at  B,  the  object  will  appear  in  the  direc- 
tion B  C;  but  if  the  eye  be  moving  from 
A  towards  B,  and  light  be  propagated  with  a 
velocity  that  is  to  the  velocity  of  the  eye  (or 
of  the  earth's  motion)  as  6  jB  to  5  ^,  that 
particle  of  it,  by  which  the  object  will  be  dis- 
cerned when  the  eye  comes  to  B  will  be  at  C 
when  the  eye  is  at  A ;  the  star,  therefore,  will 
appear  in  the  direction  A  C ;  and  as  the  earth 
moves  through  the  equal  parts  of  its  orbit,  A 
H,  H  I,  I K,  &c.,  the  light  coming  from  the 
star  will  move  through  the  equal  divisions  C 
d,  de,e  f,  fg,  g  B,  and  the  star  will  appear 
successively  in  the  directions  if  1,  /2,  iiC  3, 
L  4,  B  5,  which  are  parallel  to  ^C ;  so  that 
when  the  eye  comes  to  B,  the  object  will  be 
seen  in  the  direction  B  5. 

The  following  is  an  explanation  of  this  phe- 
nomenon as  given  by  Sir  John  Herschel. 
Suppose  a  shower  of  rain  to  fall  perpendicu- 
larly in  a  dead  calm ;  a  person  exposed  to  the 
shower  who  should  stand  quite  still  and  up- 
right would  receive  the  drops  on  his  hat,  which 
would  thus  shelter  him  ;  but  if  he  ran  forward 
in  any  direction  they  would  strike  him  in  the 
face.  The  effect  would  be  the  same  as  if  he 
remained  still,  and  a  wind  should  arise  of  the 
same  velocity  and  drift  them  against  him. 
Suppose  a  ball  to  fall  from  a  point  A  (fig,  75) 
above  a  horizontal  line  E  F,  and  that  at  B 
were  placed  to  receive  it  the  open  mouth  of 
an  inclined  hollow  tube  P  Q;  if  the  tube 
were  held  immovable,  the  ball  would  strike 
on  its  lower  side ;  but  if  the  tube  were  carried 
forward  in  the  direction  E  F  with  a  velocity 
properly  adjusted  at  every  instant  to  that  of 
the  ball,  while  preserving  its  inclination  to 
the  ho7'izon,  so  that  when  the  ball  in  its  natu- 
ral descent  reached  C,  the  tube  should  have 
been  carried  into  the  position  R  S,  it  is  evi- 
d(«nt  that  the  ball  would,  throughout  its  whole 
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of  the  ball,  and  carried  along  with  the  former 
unconscious  of  its  motion,  would  fancy  that 
the  ball  had  been  moving  in  the  inclined  di- 
rection R  Sof  the  tube's  axis.  Our  eyes  and 
telescopes  are  such  tubes.  The  earth  is  mov- 
ing through  space  with  a  velocity  of  nineteen, 
miles  per  second  in  an  elliptic  path  round  the 
sun,  and  is  therefore  changing  the  direction  of 
its  motion  at  every  instant.  Light  travels 
with  a  velocity  of  192,000  miles  per  second, 
which,  although  much  greater  than  that  of 
the  earth,  is  yet  not  infinitely  so.  Time  is 
occupied  by  it  in  traversing  any  space,  and 
in  that  time  the  earth  describes  a  space,  whicli 
is  to  the  former  as  19  to  192,000,  or  as  the 
tangent  of  20^'.5* to  radius.  Suppose,  now,  A 
P  S  to  represent  a  ray  of  light  from  a  star  at 
A,  and  let  the  tube,  P  Q,  be  that  of  a  tele- 
scope so  inclined  forward  that  the  focus  formed 
by  its  object  glass  shall  be  received  upon  its 
cross  wire,  it  is  evident,  from  what  has  been 
said,  that  the  inclination  of  the  tube  must  be 
such  as  to  make  PS:  S  Q::  velocity  of 
light:  velocity  of  the  earth::  tangent  20|'': 
1 ;  and  therefore  the  angle  S  P  Q,  or  P  S  R^ 
by  which  the  axis  of  the  telescope  must  de- 
viate from  the  true  direction  of  the  star,  must 
be  20^''. 

The  aberration  of  the  stars  has  also  been 
illustrated  by  the  direction  in  which  a  gunner 
points  his  gun  at  a  bird  on  the  wing.  Instead 
of  levelling  .t  exactly  at  the  bird,  he  directs  it 
a  little  betoie  the  bird  in  the  path  of  its  flight, 
and  so  much  the  more  in  proportion  as  the 
flight  of  the  bird  is  more  rapid  compared  with 
that  of  the  shot.  It  may  likewise  be  explained 
by  supposing  a  person  to  be  walking  in  a 
shower  of  rain  with  a  narrow  tube  in  his  hand, 
in  which  case  it  is  evident  that  the  tube  must 
have  a  certam  inclination,  so  that  a  drop  of 
rain  which  enters  at  the  top  may  fall  freely 
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through  it  without  totiching  its  sides  ;  which 
IncIinatioTi  must  be  greater  or  less  according 
to  tlie  velocity  of  the  drops  with  respect  to  the 
tube. 

From  the  discovery  of  the  aberration  of  the 
stars  the  following  conclusions,  among  others, 
have  been  deduced, — ^1.  That  the  small  ap- 
parent  motion  which  the  fixed    stars   have 
about  their  real  places,  arises  from  the  pro- 
portion which  the  velocity  of  the  earth's  mo- 
tion in  its  orbit  bears  to  that  of  light.     This 
proportion  is  found  to  be  as  1  to  10,310;  or, 
in    other  words,. light   moves  with  a  velocity 
ten  thousand  three  hundred  and  ten  times 
greater  than  that  of  the  earth  in  its  annual 
course  round  the   sun.*     2.  From  this   dis- 
covery it  is  proved  that  the  velocity  of  light 
is  uniform  and  the  same,  whether  as  emitted 
originally  from  the  sun  and  stars,  or  reflected 
from  the  planets.     The  velocity  of  the  earth 
in  its  orbit  is    about  68,000  miles  an  hour; 
consequently,  the  motion  of  light  in  the  same 
time   is   701,080,000,  or  a  little    more  than 
seven  hundred  millions,  which   gives  about 
eight  minutes  and  eight  seconds  as  the  time 
it  will  take  in  passing  from  the .  sun  to  the 
earth.-}-.    This  is  about  the  same, rate  of  the 
motion  of  light  as  first  determined  by  Roemer 
from  the   eclipses  of  Jupiter's,  satellites ;  so 
that  the  two  discoveries  mutually  harmonize 
and  confirrn  each  other,  and  prove  to  a  demon- 
stration the  progressive  motion  of  light,  and 
that  its  rate  of  motion  is  the  same  whether  as 
emanating  fi-om  the  sun,  reflected  from  the 
satellites  of  Jupiter,  or  descending  from  the 
stars*     3.  The  aberration  of  light  affects  the 
apparent  right  ascensions  and  declinations  of 
all  the  stars.     Its  effect  on  each  particular  star 
is  to  make  it  apparently  describe  a  small  el- 
lipse in  the  heavens,  having  for  its  centre  the 
point  in  which  the  star  wou Id  be  seen  if  the 
earth  were  at  rest.     Hence,  in  all  very  nice 
calculations  and  determinations  of  the  posi- 
tions of  the  stars,  allowance  must.be  made  for 
the  effects  produced  by  aberration.     3..  The 
aberration  of  light  affords  a  sensible  and  di- 
rect p^^oof  of  the  motion  of  the  earth  in  its 
orbit  round  the  sun.     If  the  earth  were  not 

*  This  is  the  proportion  of  radius  to  the  tangent 
of  twenty  seconds  and  a  half,  which  is  the^reatest 
apparent  displacement  of  the  star  caused  by  aber- 
ration, and  the  radius  of  the  circle  described  by 
the  star  round  its  real  place  in  the  course  of  a 
year, 

fThis  is  found  by  multiplying  10,310  =  the 
number  of  times  that  the  velocity  of  light  exceeds 
that  of  the  earth,  by  68,000  =  the  rate  of  the 
earth's  motion  in  an  hour;  the  product  is  701,080,- 
000.  This  product  divided  by  60  gives  the  rate  of 
motion  in  a  minute  =  11,684,666.  Divide  95,000,- 
000,  the  distance  of  the  sun  from  the  earth,  by 
this  last  number,  and  the  quotient  will  give  eight 
minutes  and  nearly  eight  seconds  as  the  time 
ligbt  siioAiid  take  in  passing  from  the  sun  to  the 
:»arf>?. 


in  motion,  no  such  effect  as  that  of  the  aber" 
ration  of  the  stars  could  take  place.  If  the 
earth  were  at  rest,  rays  from  a  star  would  pass 
along  the  axis  of  a  telescope  directed  to  it, 
but  were  it  set  in  motion  with  its  present  ve- 
locity, these  rays  would  strike  against  the  side 
of  the  tube,  and  it  would  be  necessary  to  in- 
cline the  telescope  a  little  in  order  to  sep  the 
star.  The  angle  contained  between  the  axis 
of  the  telescope  and  a  line  drawn  to  the  true 
place  of  the  star  is  just  what  we  call  its  aber- 
ration, which  could  not  take  place  if  the  earth 
were  not  in  motion.  That  the  earth  is  a 
planetary  body  moving  through  the  depths  of 
space  along  with  the  other  planets  of  our  sys- 
tem can  be  proved  by  iiumeroUs  considera- 
tions ;  but  the  fact  of  the  aberration  of  the 
stars  exhibits  this  motion  to  our  senses  as 
clearly  as  if  from  a  fixed  .point  in  the  firma- 
ment we  actually  beheld  it  pursuing  its  course 
through  the  ethereal  regions ;  so  that  the 
planetary  nature  of  our  globe,  and  the  truth 
of  the  Cppernican  system,  are  no  longer  to 
be  considetred  as  mere  hypotheses,  but  as  facts 
susceptible  of  the  strictest  demonstration. 

On  the  Proper  Motion  of  the  Stars. 

To  the  eye  of  a  common  observer,  all  the 
stars  and  constellations  in  the  heavens  appear 
to  preserve  the  same  relative  distances  from 
each  other ;  and  even  astronomers,  not  more 
than  two  centuries  ago  could  perceive  no  sepa- 
rate motions  or  variations  in  the  positions  of 
these  distant  orbs.  From  this  circumstance 
they  were  denominated  fixed  stars,  to  distin- 
guish them  from  the  planets,  which  were  ob- 
served to  shifl  their  positions,  and  to  move 
through  different  parts  of  the  heavens.  After 
the  telescope  was  invented  and  applied  to  as- 
tronomical instruments,  astronomers  began  to 
suspect  that  some  of  the  stars  had  a  slight  de- 
gree of  proper  motion  or  change  in  their  rela- 
tive position,  but  it  was  a  considerable  time 
before  such  motions  could  be  distinctly  ascer- 
tained. These  motions  first  began  to  be  ob- 
served by  Dr.  Halley,  and  afterwai-ds  by  Le- 
monnier  and  Cassini,  and  were  completely 
confirmed  by  Tobias  Mayer,  who  compared 
the  places  of  eighty  stars  as  determined  by 
Roemer  with  his  own  observations,  and  found 
that  the  greater  part  of  them  had  a  proper 
motion.  He  likewise  suggested  that  the 
change  of  place  he  had  observed  among  these 
stars  might  arise  from  a  progressive  motion  of 
the  sun  towards  one  quarter  of  the  heavens. 
La  Lande  deduced  a  similar  opinion  from  the 
rotary  motion  of  the  sun,  by  supposing  that 
the  same  mechanical  force  which  gave  it  a 
motion  round  its  axis,  would  also  displace  its 
centre,  and  give  it  a  motion  of  translation  m 
absolute  space.     Of  the  same  opinion  was  Bif 
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W.  Herschel,  and  he  attempted,  by  a  com- 
parison of  the  proper  motions  of  all  the  stars 
that  had  been  ascertained,  to  determine  the 
point  of  the  heavens  towards  which  the  mo- 
tion of  the  sun  was  directed,  which  he  supposed 
was  that  occupied  by  the  star  Zeta  HercuHs. 

If  the  sun  really  have  a  motion  in  absolute 
space  directed  towards  any  particular  quarter 
of  the  heavens,  it  is  obvious  that  the  stars  in 
that  quarter  must  appear  to  recede  from  each 
other,  while  those  in  the  opposite  region,  which 
the  sun  is  leaving  behind,  must  seem  gradually 
to  approach,  in  the  same  manner  as  whexi  we 
walk  through  a  forest,  the  ranges  of  tretis  to 
which  we  advance  are  constantly  widening  in 
their  apparent  distance  from  each  other,  while 
the  distance  of  those  we  leave  behind  is  gradu- 
ally contracting.  It  does  not,  however,  appear, 
from  the  most  recent  observations,  that  the 
direction  in  which  the  sun  or  planetary  sys- 
tem is  moving  is  yet  determined,  although  it 
is  admitted  ih at  our  system  has  a  motion  in 
space,  and  that  the  apparent  proper  motions 
of  some  of  the  stars  may  he  the  result  of  our 
being  carried  in  a  certain  direction  through 
absolute  space  by  this  motion.  Such  a  mo- 
tion, and  even  the  direction  of  it,  might  be 
detected  by  such  sidereal  observations  as  those 
to  which  we  allude,  if  we  knew  accurately 
the  apparent  proper  motions  of  those  bodies, 
and  that  they  were  independent  of  any  gene- 
ral motions  common  to  all  the  stars ;  but  in 
the  present  stage  of  sidereal  observation,  it 
seems  to  be  the  general  opinion  of  the  most 
eminent  astronomers,  that  no  sufficient  data 
are  yet  afforded  for  deducing  definite  conclu- 
sions on  tills  subject. 

The  following  table  contains  a  few  speci- 
mens of  the  annual  proper  motions  of  the 
stars  in  right  ascension  and  declination,  in  se- 
conds and  decimals  of  a  second,  selected  from 
the  observations  of  Dr.Maskelyne.  The  first 
column  contains  the  name  of  the  star;  the 
second,  its  magnitude;  the  third,  its  annual 
proper  motion  in  right  ascension ;  and  the 
fourth,  its  motion  in  declination. 


Names 

Magnitude. 

Annual  Motion 

Annu-il  Motion. 

of  the  Slars. 

in  R.  A. 

in  Dec. 

Seconds. 

Seconds 

Capella 

1 

+  0.21 

+  0.44N. 

Sirius 

1 

—  0.42 

+  1.04  S. 

Castor 

1 

—  0.15 

+  0.44S. 

Procyon 

1.2 

—  0.80 

+  '0.95  S. 

PoHux 

2 

—  0.74 

0.00 

0  Leonis 

1.2 

—  0.57 

+  0  07  S. 

/S  Virginis 

3 

-1-0.74 

+  0.24S. 

Arcturus 

1 

—  1.26 

+    1.72S:.     . 

Altair 

1.2 

-1-  0.48 

—  0.5iN. 

aLyra3 

I 

+  0.23 

—  0.27  N. 

Antares 

1 

0.00 

—  0  26N. 

In  the  above  table,  the  sign  -|-  prefixed  to 
the  annual  variation  of  right  ascension  indi^ 
cates  that  the  variation  is  to  be  added  to,  and 


the  sign-—  that  it  is  to  be  stibtraded  from, 
the  right  ascension,  to  obtain  the  true  place 
of  the  object  at  any  given  time. 

It  is  found  that  not  only  among  single,  but 
even  among  double  stars  such  motions  exist. 
While  revolving  round  each  other  in  the 
manner  formerly  described,  they  are  at  the 
same  time  carried  forward  through  space  with 
a  progressive  motion  common  to  both,  and 
without  sensibly  altering  their  distances  from 
each  other.  One  of  the  most  lemarkable  of 
these  is  the  double  star  61  Cygni,  formerly 
described,  whose  annual  parallax  and  distance 
Professor  Bessel  appears  to  have  lately  deter- 
mined.* The  two  stars  of  which  it  is  com- 
posed are  nearly  equal  in  apparent  size,  and 
they  have  remained  constantly  at  the  same 
distance  of  15  seconds  for  at  least  fifty-seven 
years  past,  or  since  their  positions  began  to 
be  accurately  observed.  The  annual  proper 
motion  of  these  two  stars  is  found  to  be,  ac- 
cording to  Bessel,  5''.  123 ;  which  is  the  greatest 
annual  proper  motion  of  any  of  the  stars 
which  has  yet  been  discovered ;  consequently, 
during  the  period  now  mentioned,  they  must 
have  shifted  their  local  situation  in  the  heavens 
by  a  space  equal  to  4  minutes,  52  seconds; 
that  is,  a  space  equal  to  more  than  one-seventh 
of  the  apparent  diameter  of  the  moon.  Such 
a  change  of  place  in  bodies  so  immensely  dis- 
tant as  62,000,000,000,000  of  miles  indicates 
a  prodigious  rapidity  of  motion.  "  The  rela- 
tive motion  of  these  stars  and  the  sun,"  says 
Bessel,  "  must  be  considerably  more  than  six^ 
teenf  semi-diameters  of  the  earth's  orbit;" 
that  is,  1,552,000,000  of  miles.  They  must 
therefore  move  at  the  rate  of  four  millions 
two  hundred  and  fifty-two  thousand  miles  a 
day,  and  one  hundred  and  seventy-seven 
thousand  miles  every  hour ;  which  is  68,000 
miles  an  hour  greater  than  the  velocity  of 
Mercury,  which  is  the  swiftest  moving  body 
in  the  planetary  system.  Here,  then,  we  have 
a  system  of  bodies  of  immense  size  moving 
with  amazing  velocity  in  diflferent  directions; 
for  as  these  stars  are  doubtless  suns,  and  con- 
sequently have  ^a  system  of  planets  revolving 
round  each,  the  planets  must  move  round  the 
sun  to  which  they  more  immediately  belong, 
and  likewise  round  the  othei  sun,  or  their 
common  centre  of  gravity,  and  at  the  same 
time  they  are;  carried  forward  to  some  distant 
region  with  the  velocity  now  stated. 

Among  single  stars,  that  which  is  marked 
^  Cassiopeia,  one  of  the  smaller  stars  in  that 
constellation,  is  marked  as  having  the  greatest 
proper  motion  of  any  yet  ascertained.  The 
amount  of  its  annual  motion  is  estimated  at 
3|  seconds,  which  in  the  course  of  a  century 
will  amount  to  6  minutes  1 5  seconds,  a  space 

*^ee  chap  iv.  p.  37,  &c. 

t  About  16i.    S<je  p.  38. 
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in  the  heavens  equal  to  one-fifth  of  the  appa- 
lent  diameter  of  the  moon.  If  this  star  be 
reckoned  at  the  same  distance  from  the  earth 
as  the  double  star  61  Cygni,  the  velocity  of 
its  motion  eyevy  day  w^ill  be  3,112,000  miles; 
every  hour,  130,000 ;  and  every  minute, 
2,160.  The  annual  proper  motion  of  Arctu- 
rus,  in  declination,  is  1''.72,  which  is  nearly 
one-half  the  motion  of  ^  Cassiopeia ;  and  a 
great  many  others  are  found  by  observation 
to  be  constantly  progressing  through  the 
heavens  by  annual  intervals  of  different  de- 
grees in  extent,  but  generally  smaller  than 
those  stated  above.  These  changes  of  posi- 
tion in  the  stars  cannot  be  perceived  by  the 
naked  eye,  and  are  consequently  impercepti- 


ble to  common  observers ;  and  even  with  the 
most  accurate  astronomical  instruments  some 
of  them  cannot  be  determined  until  aftei  a 
lapse  of  years.  Such  motions  giv^  us  reason 
to  conclude  that  all  the  bodies  in  the  universe 
are  in  perpetual  motion,  and  many  of  them 
acted  upon  by  separate  forces,  which  carry 
them  in  different  directions;  and  although 
some  of  these  motions  appear  little  more  than 
just  perceptible  at  the  immense  distance  at 
which  we  are  placed  from  them,  yet  it  is  prob- 
able that  even  the  slowest  motion  of  any  of 
the  stars  is  not  less  than  at  the  rate  of  several 
thousands  of  miles  every  hour,  indicating  the 
operation  of  forces  incomprehensible  by  the 
human  mind. 


CHAPTER  XIV. 

On  the  Destination  of  the  Stars ;  or^  the  designs  they  are  intended  to  subserve  in  the 
System  of  the  Universe* 


Fob  many  ages  during  the  infancy  of 
astronomy,  the  stars  were  considered  chiefly 
as  an  appendage  to  the  world  in  which  we 
dwell.  The  crystalline  sphere  in  which  they 
were  supposed  to  be  fixed  was  regarded  as 
only  the  canopy  of  man's  terrestrial  habitation, 
and  the  orbs  with  which  it  is  diversified  as  so 
many  brilliant  spangles  to  adorn  it,  and  to 
diffuse  a  few  glimmering  rays  to  cheer  the 
darkness  of  the  night.  This  celestial  arch, 
in  which  the  sun  and  moon  are  also  placed, 
was  supposed  to  revolve  around  us  every 
twenty -four  hours,  producing  an  alternate 
succession  of  light  and  of  darkness,  while  the 
earth,  as  the  centre  of  the  universe,  was  con- 
sidered as  remaining  in  a  state  of  perpetual 
quiescence.  Above  the  visible  heavens,  where 
the  stars  are  placed,  nothing  was  supposed  to 
exist  except  the  throne  of  the  Almighty  and 
the  abodes  of  the  blessed  ;  and  such  are  still 
the  contracted  views  of  the  majority  of  the 
inhabitants  of  our  globe  respecting  that  im- 
mense and  glorious  firmament  with  which  we 
axe  surrounded. 

It  is  true  indeed  that  the  stars,  in  a  certain 
subordinate  sense,  were  intended  for  the 
benefit  of  man ;  for  we  actually  derive  many 
advantages  from  their  apparent  motions  and 
influence.  They  present  to  our  view  a  scene 
of  beauty  and  magnificence  which  enchants 
the  eye  and  gratifies  the  imagination,  and 
tends  to  raise  the  soul  above  grovelling  pur- 
suits and  terrestrial  vanities.  They  cheer  the 
shades  of  midnight  and  enable  us  to  prosecute 
our  journeys  after  the  sun  has  left  our  hemi- 
sphere ;  without  the  influence  of  whose  light 
GMT  winter  evenings  would  be  shrouded  in 
fm]'enetrable  darkness,  and  not  an  object 
(630) 


around  us  could  be  distinguished.  In  the 
absence  of  the  moon  all  would  be  dark,  as 
was  chaos  before  light  was  formed  to  illumi- 
nate creation.  Were  the  light  of  the  starry 
orbs  extinguished,  instead  of  the  grand  and 
beautiful  aspect  now  presented  from  above, 
the  firmament  would  appear  only  like  an  im- 
mense blank,  or  a  boundless  desart,  where 
nothing  would  be  seen  to  stimulate  human  in- 
quiry, or  to  display  the  attributes  of  the  Creator. 
Those  orbs  are  likewise  of  essential  service 
to  different  departments  of  human  life ;  they 
serve  as  guides  to  the  traveller  when  journey- 
ing through  vast  and  unfrequented  desarts, 
and  to  the  mariner  when  conducting  his 
vessel  from  one  country  to  another  through 
the  wide  and  pathless  ocean.  The  Pole-star, 
on  account  of  its  apparently  fixed  position, 
has  in  every  age  been  viewed  with  solicitous 
attention  by  the  navigator;  and  before  the 
invention  of  the  compass  it  was  his  principal 
guide  to  direct  his  bark  to  the  desired  haven. 
In  short,  by  means  of  the  stars  we  have  been 
enabled  to  determine  the  exact  length  of  the 
day  and  of  the  year,  the  various  subdivisions 
of  time,  the. commencement  and  termination 
of  the  seasons,  the  circumference  of  the 
globe,  the  density  of  its  materials,  and  the 
relative  positions  of  places  on  every  part  of 
its  surface ;  all  which  advantages  it  becomes 
man  duly  to  appreciate,  and  with  a  grateful 
heart  to  adore  the  wisdom  and  goodness  of 
Him  "  who  made  the  sun  to  rule  the  day 
and  the  moon  and  stars  to  rule  the  night," 
and  who  has  rendered  all  his  arrangements 
subservient  to  the  happiu'^ss  of  his  intelligent 
offspring. 

But   although  the  stars   are.   of  essentia,) 
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benefit  to  the  inhabitants  of  our  globe,  yet 
we  ought  not  for  a  moment  to  imagine  that 
this  was  the  chief  and  ultimate  end  for  which 
they  were  brought  into  existence.  We  know 
that  they  are  bodies  of  immense  size,  the  least 
of  them  many  thousands  of  times  larger  than 
our  globe.  But  such  a  number  of  magnificent 
globes  were  not  necessary,  in  order  to  shed  a 
few  gUmmering  rays  upon  the  earth ;  since 
the  creation  of  an  additional  moon  would 
diffuse  far  more  light  over  our  world  than  that 
which  descends  to  the  earth  from  all  the  visi- 
ble stars  in  the  firmament.  And  we  know 
that  the  Creator  does  nothing  in  vain.  It  is 
the  characteristic  of  infinite  wisdom  to  pro- 
portionate means  to  the  end  intended  to  be 
accomplished ;  but  in  this  case  there  would 
be  no  proportion  between  the  means  and  the 
end — between  creating  a  thousand  globes  of 
light  of  incalculable  magnitude,  and  shedding 
a  few  gUmmering  rays  to  alleviate  the  dark- 
ness of  midnight ;  and  therefore  this  cannot 
be  supposed  the  chief  end  of  their  creation, 
without  impeaching  the  wisdom  and  intelli- 
gence of  Him  "  who  stretched  out  the  heavens 
by  his  understandhig."  Besides,  whatever 
might  be  said  in  reference  to  the  stars  visible 
to  the  unassisted  eye,  it  is  impossible  for  a 
moment  to  conceive  that  those  thousands, 
and  ten  thousands,  and  millions  of  stars,  which 
are  only  visible  through  the  most  powerful 
telescopes,  and  whose  hght  has  never  yet 
reached  our  globe,  could  have  been  created 
merely  for  the  use  of  the  inhabitants  of  this 
earth.  Siich  a  supposition  must  be  for  ever 
discarded  by  every  one  who  would  entertain 
an  honourable  and  consistent  idea  of  the  ope- 
rations of  infinite  wisdom. 

What,  then,  it  may  be  asked,  is  the  chief 
and  ultimate  destination  of  those  magnificent 
globes  1  We  may  answer  in  general  terms, 
that  it  is  a  destination  corresponding  to  the 
magnitude  and  grandeur,  and  the  intrinsic 
splendour  of  those  distant  bodies.  It  is  the 
characteristic  of  every  wise  artist  and  architect, 
that  he  selects  the  most  proper  means  to  ac- 
complish the  end  intended,  and  proportionates 
every  part  of  a  machine  or  edifice  to  all  the 
other  parts,  so  as  to  produce  a  harmony  and 
unity  of  design.  A  philosophical  instrument- 
maker,  for  example,  in  constructing  an  orrery- 
does  not  make  wheels  of  a  hundred  yards  in 
diameter  for  carrying  balls  of  less  than  an 
inch  in  diameter  round  a  circle  of  only  six 
feet  in  circumference ;  nor  does  a  watchmaker 
employ  two  hundred  wheels  and  pinions  in 
the  construction  of  a  timepiece  when  less  than 
a  dozen  may  suffice;  nor  does  an  architect 
make  the  portico  of  an  edifice  five  hundred 
times  larger  than  the  whole  structure.  Were 
any  individual  to  act  in  this  manner,  he  would 
at  once  be  denounced  as  utterly  destitute  of 


wisdom,  and  viewed  as  a  fool  or  a  maniac. 
Now,  we  are  to  consider  the  Almighty,  in  all 
his  arrangements  throughout  the  universe,  as 
acting  on  the  same  general  principle  which 
directs  a  wise  and  intelligent  artist  in  all  his 
plans  and  operations ;  for  wisdom  is  an  essen- 
tial attribute  of  the  Divinity,  and  all  his  works, 
when  minutely  inspected,  must  necessarily 
display  this  perfection  to  intelligent  minds. 
To  suppose  otherwise,  to  imagine  for  a  mo- 
ment either  that  he  has  not  proportionated  one 
part  of  the  universe  to  another,  or  that  the 
greater  part  of  it  was  created  for  no  use  at  all, 
would  be  the  height  of  profanity  and  impiety, 
and  would  rob  the  eternal  Majesty  of  Heaven 
of  one  of  the  most  distinguishing  attributes  of 
his  nature.  Bearing  this  principle  in  mind, 
we  are  necessarily  led  to  the  conclusion — a 
conclusion  as  certain  as  any  mathematical  de- 
monstration— namely,  that  the  benefit  of  the 
inhabitants  of  our  globe  was  not  the  chief  or 
ultimate  design  for  which  the  stars  were 
created,  but  that  the  Deity  had  a  higher  and 
more  expansive  design  to  accomplish  in  their 
formation.  We  do  not  pretend  to  fathom  all 
the  subordinate  designs  the  Creator  may  have 
had  in  his  view  in  the  creation  of  the  stars,  or 
of  any  other  object ;  but  as  he  has  endowed 
us  with  rational  faculties  for  the  investigation 
of  his  works,  it  is  evident  that  he  intended 
we  should  be  able  to  discover  some  of  the 
main  and  leading  designs  which  he  intended 
to  accomplish  in  the  formation  of  the  great 
bodies  of  the  universe. 

We  therefore  maintain  that  one  of  the 
grand  and  leading  designs  of  the  creation  of 
the  stars  was,  that  they  should  serve  as  suns 
to  give  light  to  other  worlds  and  systems  with 
which  they  are  more  immediately  connected. 
This  proposition  I  have  all  along  taken  for 
granted  in  the  preceding  pages,  and  shall 
now  adduce  a  few  arguments  to  elucidate  and 
support  it. 

1 .  T/iei/  all  shine  hy  their  own  native  light. 
This  is  the  peculiar  characteristic  of  a  sun  in 
distinction  from  the  planetary  globes,  which 
all  shine  with  reflected  light,  derived  from 
the  luminous  centre  around  which  they  re- 
volve. The  immense  distance  at  which  the 
nearest  stars  are  placed  from  our  globe  is  a 
clear  proof  that  they  shine,  not  with  borrowed, 
but  with  inherent  splendour;  foi  reflected 
light  from  such  a  distance  would  Le  entirely 
dissipated  ere  it  could  reach  our  eyes-.  This 
likewise  appears  from  actual  observation,  and 
from  a  comparison  of  the  brilliancy  of  the 
fixed  stars  with  that  oi^  the  planets,  in  which 
there  is  found  a  striking  difiference.  Mercury 
and  Venus  are  the  two  planets  which  revolve 
in  the  immediate  neighbourhood  oi  the  sun, 
and  consequently  derive  from  him  a  greater 
portion  of  light  than  any  of  the  other  planets; 
{631) 
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yet  it  is  found  that  the  lustre  of  the  star 
Sirius,  and  even  that  of  Capella,  is  much 
more  brilhant  than  that  of  either  Mercury  or 
Venus ;  and  it  is  demonstrably  certain  that 
both  these  stars  are  situated  far  beyond  the 
orbit  of  Uranus  ;  and  therefore,  if  they  derived 
their  hght  from  the  sun,  they  behoved  to  be 
incomparably  more  obscure  than  any  of  the 
planets.  The  lustre  and  brilliancy  which  the 
fixed  stars  exhibit  when  viewed  with  tele- 
scopes of  large  apertures  and  powers  is  ex- 
ceedingly striking.  Sir  W.  Herschel  seldom 
looked  at  the  larger  stars  through  his  forty 
f*set  telescope,  because  their  blaze  was  injuri- 
ous to  his  sight.  At  one  time,  after  sweeping 
a  portion  of  the  heavens  with  that  instrument, 
he  tells  us  that  "  the  appearance  of  Sirius 
announced  itself  at  a  great  distance  like  the 
dawn  of  the  morning,  and  came  on  by  de- 
grees, increasing  in  brightness,  till  this  brilliant 
star  at  last  entered  the  field  of  the  telescope 
with  all  the  splendour  of  the  rising  sun,  and 
forced  me  to  take  my  eye  from  the  beautiful 
sight."  These  and  other  circumstances  clearly 
siiow  that  the  stars  are  endued  with  native 
splendour,  and  are  not  dependent  on  any 
other  luminaries  for  the  brilhancy  they  display, 
and  consequently  are  fitted  to  act  as  suns  for 
the  illumination  of  opaque  globes  with  which 
they  are  more  immediately  connected. 

2.  They  are  placed  at  an  immense  distance 
from  our  earth  and  from  one  another,  and 
consequently  it  is  impossible  that  they  could 
derive  their  lustre  from  our  sun ;  for  the  sun 
in  his  present  situation  could  afford  them  no 
more  light  than  a  single  star  transmits  to  our 
globe ;  and  to  some  of  the  more  distant  stars 
his  rays  would  be  altogether  invisible.  And 
if  the  sun  cannot  be  supposed  to  enlighten 
any  of  those  orbs,  from  the  distance  at  which 
he  is  placed,  there  is  no  other  body  known  to 
us  whence  their  light  may  be  derived,  if  they 
do  not  shine  with  their  own  native  splendour. 

3.  They  are  bodies  of  immense  magnitude. 
We  have  already  shown,  both  from  mathe- 
matical considerations  and  popular  illustra- 
tions, that  the  stars  are  unquestionably  at  a 
very  great  distance  from  our  globe,  a  distance 
which  is  almost  incomprehensible.  (Chap. 
IV.)  Their  bulk  must  therefore  be  very 
great.  If  they  were  no  larger  than  the  globe 
on  which  we  live,  they  would  be  altogether 
invisible,  even  although  they  shine  with  their 
own  native  light.  Few  of  them  can  be  con- 
sidered as  much  less  than  our  sun,  and  the 
greater  number  of  them  are  in  all  probability 
much  larger;  they  are  therefore  fitted  by 
their  enormous  size,  and  their  consequent 
attractive  power,  to  be  the  centres  of  systems 
of  planetary  worlds,  and  to  diffuse  around 
them  to  an  immense  distance  a  splendid  illu- 
jDiination.     But  it  would  be  absurd  to  sup- 
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pose  that  such  a  number  of  vast  lumiiioua 
globes,  placed  at  such  immense  distances 
from  each  other,  and  from  the  earth,  could 
have  been  created  solely  for  the  benefit  ol 
the  inhabitants  of  our  world;  for  it  would 
argue  a  want  of  wisdom  in  not  proportioning 
means  to  ends ;  since  a  single  star  of  the  one- 
thousandth  part  of  its  present  bulk,  placed 
within  a  million  of  miles  of  the  earth,  would 
afford  us  far  more  light  than  all  the  stars  put 
together. 

4.  Were  we  removed  to  the  distance  only 
of  the  nearest  stars,  our  sun  would  appear  no 
larger  than  one  of  those  twinkling  orbs,  and 
fi'om  some  of  them  he  would  disappear  alto- 
gether;  at  most,  he  would  appear  only  as  one 
of  the  small  stars  which  deck  the  firmament, 
and  probably  one  only  of  the  fifth  or  sixth 
magnitude ;  consequently  all  the  planets  of 
our  system  would  entirely  disappear.  Even 
Jupiter  and  Saturn,  though  each  of  them  is  a: 
thousand  times  larger  than  the  earth,  would 
be  quite  invisible,  by  reason  of  their  compa-i 
rative  smallness  and  their  shining  only  by  re- 
flected light.  The  system  to  which  we  be- 
long cannot  therefore  be  supposed  to  have 
any  immediate  connexion  even  with  the 
nearest  stars ;  and  these  stai"s  must  be  consi-: 
dered  as  having  appropriate  purposes  to  fulfil 
in  their  own  immediate  sphere. 

6.  The  stars,  in  point  of  number,  size  and 
splendour,  constitute  almost  the  whole  uni- 
verse, at  least,  so  far  as  it  has  been  unfolded 
to  our  view.  The  bodies  which  compose  the 
planetary  system  contain  a  mass  of  solid 
matter  about  248G  times  larger  than  that  of 
the  earth,  and  the  sun  is  about  500  times 
greater  than  the  whole  of  them  taken  together. 
But  this  system,  great  as  it  appears  in  the 
eyes  of  mortals,  is  but  as  a  diminutive  bail, 
or  even  as  a  mere  point,  when  compared  with 
the  myriads  of  stars  which  the  firmament  dis- 
plays, and  which  the  telescope  has  brought  to 
view.  These  innumerable  globes  of  light 
were  created  for  use — to  subserve  important 
purposes  in  the  plan  of  the  Divine  adminis- 
tration. They  were  not  launched  through 
the  spaces  of  infinity  at  random,  merely  to 
display  the  energies  of  Omnipotence,  and  to 
light  up  the  wilds  of  immensity  with  a  useless 
splendour.  Such  a  supposition  would  be  de- 
rogatory to  the  attributes  and  character  of  the 
All-wise  Creator,  and  would  distort  all  the 
views  we  ought  to  entertain  of  a  Being  pos- 
sessed of  infinite  perfection.  Those  immense 
bodies  must  therefore  be  conceived  as  intend- 
ed chiefly  to  diffuse  their  light  and  splendour 
over  worlds  with  which  they  are  more  imme- 
diately connected,  and  for  the  ultimate  design 
of  communicating  happiness  in  various  forms 
to  the  different  orders  of  beings  with  which 
they  may  be  replenished.     What  other  sub- 
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oidhiate  ends  they  may  accomplish  in  the 
grand  scheme  of  the  universe,  besides  the  ad- 
vantages we  derive  from  them,  is  beyond  our 
province  to  determine.  It  is  not  improbable, 
however,  that  every  star  or  system,  whether 
single,  binary,  or  ternary,  may  have  a  subor- 
duiate  end  to  serve  to  every  other  system,  as 
forming  parts  of  one  whole  under  the  govern? 
ment  of  Infinite  Wisdom.  As  we  derive  ad- 
vantages from  these  orbs,  distant  as  they  are, 
and  as  they  diversify  the  ceiling  of  our  earthly 
habitation  with  a  splendid  decoration,  so  they 
will  likewise  adorn  the  firmament  of  other 
systems,  and  display  to  the  view  of  their  in- 
habitants both  the/energies  of  Omnipotent 
Power  and  the  manifold  wisdom  of  God. 

6,  We  have  some  direct  indications  that 
the  fixed  stars  are  in  reality  suns.  It  forms 
no  argument  against  the  idea  of  the  stars 
being  the  centres  of  systems,  that  we  have 
hitherto  been  unable  to  detect  any  of  their 
revolving  planets;  for  unless  such  planets  be 
far  beyond  the  magnitude  of  those  belonging 
to  our  system,  and  unless  their  surfaces  be 
fitted  to  reflect  the  rays  of  light  with  extraor- 
dinary brilliancy,  we  could  not  expect  them 
to  be  visible  at  the  remote  distance  at  which 
we  are  placed,  since  the  stars  themselves  ap- 
pear only  as  shining  points.  But  certain 
phenomena  which  have  been  observed,  chiefly 
within  the  last  century,  give  indication  of  the 
solar  nature  of  the  fixed  stars.  In  the  first 
place,  there  are  phenomena  which  indicate 
that  some  of  them  at  least,  like  our  sun,  have 
a  rotation  round  their  axes.  In  Chapter  VIL 
we  have  given  a  brief  view  of  the  phenomena 
of  variable  stars.  One  of  these,  named  J. /^o/, 
is  found  regularly  to  pass  through  a  change 
of  brightness  from  the  second  to  the  fourth 
magnitude,  and  again  to  its  original  brightness 
in  two  days  and  about  twenty-one  hours. 
The  star  |3  Lyrae  passes  through  a  periodic 
variation,  from  the  third  to  the  fifth  magni- 
tude, in  six  days  and  nine  hours.  A  star  in 
Hercules  varies  its  lustre  periodically,  in  the 
co-urse  of  sixty  days  and  six  hours.  A  star 
in  Sobieski's  shield  changes  from  the  fifth  to 
the  seventh  or  eighth  magnitude,  and  returns 
to  its  greatest  brightness,  in  a  period  of  sixty- 
two  days.  These  and  many  other  stars  give 
pretty  evident  indications  of  a  rotation  round 
their  axes.  Their  periodic  changes  are  exact 
and  regular  ;  and,  in  order  to  account  for  the 
phenomena,  we  have  only  to  suppose  that 
one  of  their  hemispheres  is  either  covered 
with  large  dark  spots,  or  is  encompassed  with 
a  medium  which  prevents  it  fi^om  emitting  so 
much  light  to  our  eyes  as  the  other,  and  that 
each  hemisphere  is  pre.?ented  to  our  view  in 
alternate  succession.  Our  sun,  indeed,  would 
not  exhibit  any  sensible  variation  of  lustre  at 
the   distance    of  the   stars,   notwithstanding 


some  large  spots  on  his  surface ;  but  we  have 
no  reason  to  conclude  that  the  stars,  although 
they  are  all  luminous  bodies,  are  exactly 
alike  in  every  part  of  their  constitution,  since 
variety  appears  to  be  a  characteiistic  of  all 
the  arrangements  in  the  universe.  The 
darker  hemisphere  of  the  stars  to  which  we 
allude  may  produce  a  change  of  illumination, 
which  will  form  an  agreeable  vicissitude  to 
the  inhabitants  of  the  worlds  which  roll  around 
them,  and  which  may  produce  an  eifect  some- 
what analogous  to  that  which  is  produced  by 
the  alternate  shining  of  a  white  and  a  yellow 
sun,  as  in  the  case  of  some  of  the  double 
stars,  (see  pp.  64,  65.) 

Again,  there  are  stars  whose  periods  of 
variable  lustre  are  much  longer  than  those 
now  stated.  Some  of  them  pass  through  their 
periodic  changes  in  331  days,  some  in  494 
days,  and  others  not  till  after  the  lapse  of 
eighteen  years.  Such  changes,  at  least  in 
some  instances,  may  be  accounted  for  by  the 
intervention  oi  opaque  revolving  bodies,  or 
planets  of  a  large  size,  passing  directly  be- 
tween our  eye  and  the  stars,  when  revolving 
through  that  half  of  their  orbits  which  lies 
next  the  earth.  It  is  almost  certain  that  either 
the  one  or  the  other  of  the  circumstances  now 
mentioned  is  the  cause  which  produces  the 
phenomena  of  variable  stars,  and  in  either 
case  a  strong  presumption  is  afibrded  of  the 
reality  of  other  planetary  systems.  If  rotation 
be  the  cause  of  the  changes  alluded  to,  the 
analogy  between  our  sun  and  the  stars  is 
almost  verified,  for  the  most  eminent  philoso- 
phers have  always  considered  that  the  rota- 
tion of  an  orb  is  necessarily  connected  both 
with  motion  in  space,  and  with  the  existence 
of  revolving  planets.  If  such  changes  arise 
from  the  interposition  of  opaque  globes,  as  is 
highly  probable  in  some  of  the  cases  we  have 
stated,  then  we  have  direct  evidence  that  the 
stars  are  in  reality  the  centres  of  systems,  and 
that  their  planets  are  constructed  on  a  scale 
of  magnificence  far  surpassing  that  of  our 
solar  system,  (see  Ch.  VII.  pp.  53,  54.)  It 
is  highly  probable  that  both  the  causes  to 
which  we  have  now  adverted  operate  ni  pro- 
ducing the  phenomena  of  variable  stars. 
Those  whose  periodic  variations  are  the 
shortest  may  be  produced  by  rotation j  and 
those  in  which  years  are  requisite  to  accom- 
plish all  the  changes,  may  arise  from  the  in- 
tervention of  very  la^^ge  opaque  revolving 
bodies. 

It  has  been  surmised  by  some  astronomers 
that  certain  very  small  stars  which  accompany 
larger  ones  probably  shine  by  reflected  light. 
Sir  John  Herschel,  a  few  years  ago,  called  the 
attention  of  astronomical  observers  to  this 
point.  The  stars  to  which  he  has  requested 
particular  attention  are  such  as  the  follow- 
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ing : — V  Ursae  Majoris,  y  Hydrse,  k  Gemino- 
nim,  a  2  Cancri,  a  2  Capricorni,  and  several 
others.  Iota  Ursas  is  a  star  of  the  third  or 
fourth  magnitude,  in  the  fore-foot  of  the 
Great  Bear :  right  ascension,  8i>  46'  54'' ; 
north  decUnation,  47°  61'  20".  Gamma 
Hydrse  is  a  star  of  the  fourth  magnitude, 
about  thirty-five  degrees  south-east  from  Re- 
gulus,  and  about  twenty-nine  degrees  west  by 
south  from  Spica  Virginis:  right  ascension 
ll'»  15'  57";  south  dedination,  16°  42'. 
Kappa  Geminorum  is  a  star  of  the  fourth 
magnitude,  situated  about  three  degrees  and 
a  half  south  of  Pollux :  right  ascension,  7''  33' 
38";  north  declination,  24°  49'.  The  star 
tt  2  Capricorni  is  of  the  third  magnitude, 
about  twenty-two  degrees  south  by  east  of 
Altair,  and  about  two  degrees  and  a  half  north 
of  j3  Capricorni,  &c.  It  is  to  the  very  small 
and  point- like  stars  which  accompany  these 
that  the  attention  is  to  be  directed ;  they  are 
minute  points  of  light  which  can  only  be  per- 
ceived by  telescopes  of  considerable  power. 
Some  of  these  are  suspected  as  shining  with 
reflected  light ;  and  if  this  point  could  be  as- 
certained, it  would  form  a  direct  proof  of 
planets  circulating  around  stars  and  enlight- 
ened by  their  beams.  We  have  reason  to 
hope,  from  the  increase  of  astronomical  ob- 
servers, from  the  accuracy  with  which  side- 
real observations  are  now  conducted,  and 
from  the  improvements  of  which  the  telescope 
is  still  susceptible,  that  this  interesting  fact, 
will,  ere  long,  be  determined  by  ocular  demon- 
stration; and  when  such  a  discovery  shall 
have  been  made,  the  telescope,  which  has 
already  disclosed  so  many  wonders,  will  then 
have  performed  one  of  its  most  sublime  and 
mighty  achievements. 

In  the  mean  time,  we  have  no  reason  to 
entertain  the  least  doubt  that  the  stars  are  in 
reality  suns  and  the  distributors  of  light  to 
other  worlds  any  more  than  we  ought  to 
doubt  of  the  motion  of  the  earth,  because  we 
have  never,  from  a  fixed  point  in  the  firma- 
ment, beheld  it  wheeling  its  rapid  course 
through  the  ethereal  spaces  around  the  sun. 
Since  the  stars  cannot,  with  the  least  show 
of  reason,  be  supposed  to  have  been  created 
chiefly  for  the  use  of  our  globe,  it  is  as  cer- 
tain as  moral  demonstration  can  make  it,  that 
they   were  principally  intended  to  fulfil  a 


higher  and  a  nobler  pui'pose,  and  that  tbb 
purpose  has  a  respect  to  the  accommodation 
and  happiness  of  intelligent  existence,  eithei 
in  the  stars  themselves  or  in  worlds  which  re- 
volve around  them;  for  the  Creator  and 
Governor  of  the  universe  mast  be  considered, 
in  all  his  arrangements,  as  acting  in  perfect 
consistency  with  those  perfections  of  his  na- 
ture with  which  he  is  eternally  and  essentially 
invested.  But  to  suppose  the  innumerable 
host  of  stars  to  be  only  so  many  vast  insulated 
globes,  hung  up  to  irradiate  the  void  spaces 
of  infinitude,  would  be  repugnant  to  all  the 
conceptions  which  reason  and  revelation  lead 
us  to  form  of  a  Being  of  infinite  perfection. 

If,  then,  the  fixed  stars  are  the  centres  of 
light  and  influence  to  surrounding  worlds, 
how  immense  must  that  empire  be  over 
which  the  moral  government  of  the  Almighty 
extends! — how  expansive  the  range,  and  how 
diversified  the  order  of  planetary  systems  I — 
how  numerous  beyond  calculation  the  worlds 
which  incessantly  roll  throughout  the  im- 
mensity of  space !  What  countless  legions 
of  hitellectual  beings,  of  every  rank  and  ca- 
pacity, must  crowd  the  boundless  dominions 
of  the  King  eternal,  immortal,  and  invisible ! 
and  how  glorious  and  incomprehensible  must 
He  be  whose  word  caused  this  vast  fabric  to 
start  into  existence,  and  who  superintends 
every  moment  the  immensity  of  beings  with 
which  it  is  replenished !  In  attempting  to 
grasp  such  scenes  the  human  mind  is  bewil- 
dered and  overwhelmed,  and  can  only  ex- 
claim,   "GllEAT  AND  MARVELLOUS  AIIE    TU¥ 

WORKS,  Lord  God  Almighty." 


"  Seest  thou  these  orbs  that  numerous  roll  above  1 
Those  lamps  that  nightly  greet  thy  visual  powers 
Are  each  a  bright  capacious  sun  like  ours. 
The  telescopic  tube  will  still  descry 
Myriads  behind  that  'scape  the  naked  eye. 
And  further  on  a  new  discovery  trace 
Through  the  deep  regions  of  encompassed  space. 
If  each  bright  star  so  many  suns  are  found 
With  planetary  systems  circled  round, 
What  vast  infinitude  of  worlds  may  grace, 
What  beings  people  the  stupendous  space  } 
Whatever  race  possess  the  ethereal  plain, 
What  orbs  they  people,  or  what  ranks  maintaiHH 
Though  the  deep  secret  hnaven  conceal  below, 
One  truth  of  universal  scope  we  know  ; 
Our  nobler  part,  the  same  ethereal  mind. 
Relates  our  earth  to  all  their  reasoning  kind. 
One  Deity,  one  sole  creating  cause. 
Our  active  cares  and  joint  devotion  draws.'* 


CHAPTER  XV. 


On  unknown  Celestial  Bodies-^on  Metoric  Phenomena-^and  on  Shootiup;  Stars, 


We  are  not  to  imagine  that  we  have  yet  the  reach  of  our  telescopes.     All    the  disco- 
discovered  the  greater  part  of  the  bodies  which  veries  which  have  hitherto  been  made  in  ths 
exist  in  those  spaces  whose  range  lies  within  heavens  have  been  owmg  to  the  light  emitted 
^634; 
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by  very  distant  orbs  having  been  concentrated 
on  the  eye  by  the  magnifying  and  space- 
penetrating  power  of  the  telescope ;  but  it  is 
not  improbable  that  there  are  numerous  bodies 
within  the  circuit  of  the  visible  heavens  which 
send  forth  no  rays  of  light  susceptible  of  being 
refracted  or  reflected  to  the  eye  by  our  finest 
instruments.  Some  of  the  largest  bodies  in 
the  universe  may  either  be  opaque  globes,  or 
so  slightly  illuminated  that  no  traces  of  their 
existence  can  ever  be  perceived  from  the 
region  we  now  occupy.  The  greater  part, 
ii'  not  the  whole,  of  the  orbs  which  have  been 
described  in  the  firmament,  with  the  exception 
of  the  planets  and  comets  of  our  system,  are 
globes  which  shine  with  their  own  inherent 
lustre,  without  which  their  existence  would 
have  been  to  us  for  ever  unknown.  We  are 
not  warranted  to  call  in  question  the  exist- 
ence of  any  class  of  bodies  merely  because 
our  limited  organs  of  perception  and  our 
situation  in  the  universe  prevent  us  from  per- 
ceiving them.  We  have  never  yet  beheld 
the  planets  which  doubtless  circulate  around 
other  suns,  aithougn  there  can  be  no  question 
that  such  bodies  really  exist;  and  there  may 
be  opaque  globes  of  a  size  incomparably  larger 
than  either  planets  or  suns,  which  may  sei"ve 
as  the  centres  of  certain  systems,  or  for  some 
other  important  purposes  to  us  unknown ;  for 
all  that  we  have  yet  explored  of  the  distant 
regions  of  creation  is  but  the  mere  outskirts 
of  that  boundless  empire  which  stretches  out 
on  every  hand  towards  infinity.  It  is  not 
unreasonable  to  believe  that  the  number  of 
magnificent  bodies  imperceptible  to  our  organs 
of  vision  may  far  exceed  all  that  we  have 
hitherto  discovered  either  by  the  naked  eye 
or  the  telescope,  even  within  the  compass  of 
that  region  which  lies  open  to  human  in- 
spection. 

It  has  been  remarked  by  La  Place,  that  "  a 
luminous  star  of  the  same  density  as  the 
earth,  and  whose  diameter  should  be  two 
hundred  and  fifty  times  larger  than  that  of  the 
sun,  would  not,  in  consequence  of  its  attrac- 
tion, allow  any  of  its  rays  to  arrive  at  us." 
"  A  star  which,  without  being  of  this  magni- 
tude, should  yet  corsiderably  surpass  the  sun, 
would  perceptibly  weaken  the  velocity  of  its 
light,  and  thus  augment  the  extent  of  its  ab- 
be rration."  It  is  therefore  possible  that  the 
largest  luminous  bodies  in  the  universe,  if 
their  internal  structure  be  composed  of  dense 
materials,  would  be  invisible  to  us,  in  conse- 
quence of  their  great  attractive  power  prevent- 
ing their  light  from  reaching  the  system  to 
which  we  belong.  In  Chapter  XII.  I  have 
given  a  brief  view  of  the  ideas  entertained  by 
Lambert  respecting  the  arrangement  of  the 
universe  into  distinct  systems  of  stars  which 
have  a  more  immediate  connexion  with  one 


another  in  consequence  of  the  law  of  mutual 
gravitation,  and  whose  views  have  been  partly 
confirmed  by  the  discoveries  of  Herschel. 
This  illustrious  mathematician  and  astronomei 
endeavours  to  prove,  by  an  induction  of  facta 
and  reasonings,  that,  in  order  to  the  stability 
of  those  systems,  it  is  necessary,  on  the  prin- 
ciples of  universal  gravitation,  that  there  be  a 
large  central  body,  around  which  ail  the  in- 
dividuals which  compose  the  system  revolve. 
There  is  no  necessity  that  such  a  central  body 
should  possess  original  or  underivod  light. 
The  fixed  stars  do  not  stand  in  need  of  it ;  and 
as  for  itself,  if  it  require  illumination,  it  will 
receive  it  from  the  suns  that  are  more  imme- 
diately adjacent.  As  to  the  magnitude  of 
such  a  centre,  Lambert  estimates  that  the 
central  body  of  the  system  to  which  we  be- 
long must  have  a  diameter  at  least  equal  to 
the  whole  circumference  of  the  orbit  of  Saturn. 
"  The  magnitude  of  those  bodies,"  he  says, 
"  ought  not  to  alarm  us,  for,  in  the  first  place, 
we  have  nothing  to  do  with  their  bulk,  but 
with  their  density  or  quantity  of  matter  by 
wnich  the  iaw  of  gravitation  is  regulated. 
We  have  no  idea  of  the  density  of  matter  that 
is  not  porous;  perhaps  gold,  the  most  dense 
of  terrestrial  substances,  would  be  found  a 
mere  sponge  compared  with  such  a  central 
body.  Besides,  nothing  is  great  or  small  in 
immensity ;  and  since  on  the  wing  of  light 
we  can  traverse  the  vast  regions  of  the  hea- 
vens, matter  and  volumes  ought  no  longer  to 
excite  our  astonishment.  Beginning  with 
the  satellites,  even  suns  are  but  bodies  of  the 
first  magnitude ;  the  centres  of  the  fixed  stars, 
of  the  fourth ;  those  of  groups  of  systems,  of 
the  fifth,  and  so  of  the  rest." 

Lambert  supposes  that  since  such  bodies 
must  be  of  enormous  bulk,  and  illuminated 
besides  by  one  or  more  fixed  stars,  it  might 
be  possible  to  perceive  the  one  which  belongs 
to  our  own  system,  either  in  whole  or  in  part, 
with  the  help  of  the  telescope  ;  that  its  appa- 
rent diameter  may  be  very  considerable  ;  that, 
however  weak  its  reflected  light,  it  may  nol 
be  enfeebled  to  such  a  degree  as  to  be  ren- 
dered imperceptible ;  that,  being  enlightened 
by  one  or  more  suns,  it  ought  to  preseni 
phases  analogous  to  those  of  the  moon ;  that 
such  a  central  body  ought  to  extend  its  influ- 
ence even  to  the  extremities  of  its  system, 
and  consequently  ought  to  appear  under  a 
sensible  diameter,  or  at  least  be  visible  by  the 
telescope ;  and  that  as  the  attractive  force  of 
a  body  decreases  as  the  square  of  the  sine  of 
its  apparent  semi- diameter,  so  this  apparent 
semi-diameter  cannot  be  invisible  in  any  place 
to  which  its  attractive  force  and  its  sphc  re  of 
activity  extend.  Without  sanctioning  all  the 
opinions  which  this  ingenious  mathematician 
has  thrown  out  on  this  point,  we  may  admit 
(635) 
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that  the  subject  is  worthy  of  special  attention, 
and  might  be  kept  in  view  when  we  are  ex- 
ploring the  heavens  with  our  best  telescopes. 
What  if  some  of  the  planetary  nebulae  be 
bodies  of  a  nature  similar  to  those  to  which 
we  have  now  alluded  1 

If  opaque  globes  of  a  prodigious  size  exist 
throughout  the  regions  of  the  firmament,  as 
there  is  reason  to  believe,  they  would  afford 
us  a  clue  for  unravelling  certain  phenomena 
which  have  hitherto  remained  in  some  de- 
gree inexplicable.  Stars  have  appeared  all 
at  once,  and,  after  having  shone  for  a  year  or 
more  with  a  brilliant  light,  have  gradually 
disappeared.  Certain  stars  are  found  to  pass 
through  regular  variations  of  lustre,  and  for  a 
certain  period  entirely  disappear,  but  after  a 
lapse  of  a  certain  number  of  months  or  days 
reappear,  and  resume  their  former  brightness. 
On  the  supposition  that  opaque  bodies  exist 
nearly  in  the  direction  of  such  stars,  some 
of  these  phenomena  would  admit  of  an  easy 
explanation.  Their  appearing  and  disappear- 
ing might  be  nothing  more  than  an  occulta- 
tion  or  an  eclipse,  caused  by  the  interposition 
of  the  opaque  globe  between  our  eye  and  the 
star.  This  would,  indeed,  suppose  motion  to 
exist  either  in  the  opaque  body,  or  in  the 
star,  or  in  the  eye  of  the  observer;  and  per- 
haps the  annual  motion  of  the  earth,  or  the 
motion  of  the  sun  in  absolute  space,  might 
contribute,  in  a  certain  degree,  to  produce  the 
effect.  Motion,  of  some  kind  or  other,  must 
necessarily  be  supposed,  in  order  to  account 
for  the  phenomena  of  variable  stars,  whatever 
hypothesis  we  may  adopt  for  their  explana- 
tion ;  but  as  nothing  decisive  can  be  stated  on 
this  subject,  in  the  mean  time  I  shall  proceed 
to  the  consideration  of  some  meteoric  phe- 
nomena which  are  now  supposed  to  have  a 
connexion  with  certain  moving  bodies  in  the 
heavens. 

Meteoric  Phenomena  and  Shooting  Stars, 

In  my  volume  entitled  "  Celestial  Scenery," 
when  describing  the  small  planets  Vesta, 
Juno,  Ceres,  and  Pallas,  I  have  given  a  detail 
of  certain  facts  respecting  the  fall  of  large 
masses  of  solid  matter  from  the  higher  regions 
of  the  atmosphere,  usually  denominated 
meteoric  stones,  which,  there  is  prary  reason 
to  believe,  descend  from  regions  at  a  consider- 
able distance,  and  even  beyond  the  sphere  of 
the  moon.  Such  phenomena  seem  to  indicate 
the  probability  that  certain  opaque  bodies,  of 
different  dimensions,  are  revolving  through 
space  in  certain  regions  within  the  Hmits  of 
our  system.  "  Nor  is  this,"  says  Mrs.  Somer- 
ville,  ''an  unwarranted  presumption;  many 
such  do  come  within  the  sphere  of  the  earth's 
attraction,  are  ignited  by  the  velocity  with 
(636) 


which  they  pass  through  the  atmosphere,  msi 
are  precipitated  with  great  violence  upon  th« 
earth.  The  fall  of  meteoric  stones  is  much 
more  frequent  than  is  generally  believed. 
Hardly  a  year  passes  without  some  instances 
occurring;  and  if  it  be  considered  that  only 
a  small  part  of  the  earth  is  inhabited,  it  may 
be  presumed  that  numbers  fall  in  the  ocean, 
or  on  the  uninhabited  part  of  the  land,  unseen 
by  man.  They  are  sometimes  of  great  mag- 
nitude ;  the  volume  of  several  has  exceeded 
that  of  a  body  of  seventy  miles  in  diameter. 
One  which  passed  within  twenty-five  miles 
of  us  was  estimated  to  weigh  about  600,000 
tons,  and  to  move  with  a  velocity  of  about 
twenty  miles  in  a  second,  a  fragment  of  it 
alone  reached  the  earth.  The  obliquity  of 
the  descent  of  meteorites,  the  peculiar  sub- 
stances they  are  composed  ofj  and  the  explo- 
sion accompanying  their  fall,  show  that  they 
are  foreign  to  our  system." 

But,  without  resuming  the  consideration  of 
this  particular  phenomenon,  there  is  another 
which  of  late  years  has  excited  a  considerable 
degree  of  attention,  and  which  may  proceed 
from  a  cause  somewhat  similar,  to  which  I 
shall  chiefly  direct  the  attention  of  the  read- 
er— -namely,  the  phenomenon  of  shooting  or 
falling  stars.  This  phenomenon,  though 
most  frequently  observed  in  tropical  regions, 
is  common  in  all  parts  of  the  earth,  and  has 
been  seen  in  almost  every  season  of  the  year 
A  shooting  star  seems  to  burst  from  a  clear 
sky,  and  to  dart  across  the  heavens  with  a 
long  train  of  light,  which  in  a  few  seconds 
leaves  no  trace  behind.  Dr.  Burney,  of  Gos- 
port,  for  several  years  kept  a  record  of  such 
of  these  bodies  as  came  under  his  own  obser- 
vation, and  found  that  in  the  year  1819  there 
were  121,  and  in  1820  about  131;  but  a 
much  greater  number  than  these  would  doubt- 
less be  perceived  could  we  detect  all  that 
make  their  appearance  in  the  sky,  the  greater 
proportion,  in  all  probability,  being  visible 
only  during  the  hours  usually  allotted  to  sleep. 
Various  opinions  have  been  entertained  re- 
specting the  cause  of  these  appearances.  Bec- 
caria  was  of  opinion  they  were  occasioned  by 
electricity,  and  brought  forward  the  following 
facts  as  corroborative  of  his  hypothesis : — 
About  an  hour  after  sunset,  he  and  some 
friends  that  were  with  him  observed  a  falling 
star  directing  its  course  directly  towards  them 
and  apparently  growing  larger  and  larger,  but 
just  before  it  reached  them  it  disappeared.  On 
vanishing,  their  faces,  hands,  and  clothes,  with 
the  earth  and  all  the  neighbouring  objects, 
became  suddenly  illuminated  with  a  diffused 
and  lambent  Hght.  During  their  surprise  a« 
this  appearance,  a  servant  informed  them  that 
he  had  seen  a  light  shine  suddenly  in  the 
garden,  and  especially  upon  the  streams  that 
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he  bad  been  throwing  to  water  it'  when, 
sending  up  an  electrical  kite  into  the  atmo- 
sphere, he  likewise  observed  a  quantity  of 
electric  matter  about  the  kite,  which  assumed 
the  appearance  of  a  falling  star.  Whatever 
be  the  cause  of  shooting  stars,  it  is  pretty  evi- 
dent that  they  have  their  origin  at  a  very  con- 
siderable elevation  above  the  earth.  Brydone 
informs  us  that,  from  the  top  of  Mount  Etna, 
he  noticed  some  of  these  meteors,  "  which  still 
appeared  to  be  as  much  elevated  above  us  as 
when  seen  from  the  plain;  so  that  in  all  pro- 
bability those  bodies  move  in  regions  much 
beyond  the  bounds  which  some  philosophers 
have  assigned  to  our  atmosphere." 

The  most  striking  and  remarkable  form  in 
which  shooting  stars  have  appeared  is  that  of 
^  meteoric  showers,"  when  thousands  of  those 
bodies  have  appeared  to  sweep  along  at  once, 
and  in  continued  succession  for  several  hours, 
so  that  almost  the  whole  visible  canopy  of  the 
sky  seemed  to  be  in  a  blaze.  As  this  pheno- 
menon has  recently  excited  considerable  atten- 
:tion  among  philosophers,  and  as  it  is  now  ge- 
nerally considered  as  connected  with  some 
moving  bodies  in  the  heavens,  I  shall,  in  the 
first  place,  give  a  detail  of  some  of  the  more 
-remarkable  circumstances  with  which  it  has 
been  attended,  as  described  by  those  who 
were  eye-witnesses  of  the  scene.  One  of  the 
most  remarkable  displays  of  the  phenomena 
to  which  we  allude  is  that  which  Was  seen  on 
the  evening  of  the  12th  and  the  morning  of 
the  13th  of  November,  1833,  in  the  United 
States  of  America.  The  following  account 
of  it  is  abridged  from  the  New  York  Com- 
mercial Advertiser  of  November  13,  1833: 

"The  sky  was  remarkably  clear  on  the 
night  of  this  remarkable  phenomenon.  Some 
time  before  twelve  o'clock,  the  meteors  so.  fre- 
quently seen  on  summer  evenings,  called 
shooting  stars,  were  observed  to  fall  with  un- 
usual frequency  and  splendour.  They  con- 
tinued from  that  hour  to  flash  athwart  the 
skies  more  and  more,  until  they  were  eclipsed 
by  the  glories  of  the  rising  sun  this  morning. 
From  four  to  six  they  were  most  numerous 
and  refulgent.  Within  the  scope  that  the 
eye  could  contain,  more  than  twenty  could  be 
seen  at  a  time  shooting  (save  Upward)  in 
every  direction.  Not  a  cloud  obscured  the 
broad  expanse,  and  millions  of  meteors  sped 
their  way  across  it  on  every  point  of  the  com" 
pass.  Were  it  possible  to  enumerate  them 
in  the  swiftness  of  their  arrowy  haste,  we 
might  venture  to  say  that  for  the  space  of  two 
hours,  intervening  between  four  and  six,  more 
than  a  thousand  per  minute  might  have  been 
counted.  Their  coruscations  were  bright, 
gleamy,  and  incessant,  and  they  fell  thick  as 
the  flakes  in  the  early  snows  of  Beceniber. 
In  one  instance  we  distinctly  heard  the  explo- 


sion of  a  meteor  that  shot  across  to  the  north- 
west, leaving  a  broad  and  luminous  track; 
and  witnessed  another  which  left  a  path  of 
light  that  was  clearly  discernible  for  more  than 
ten  minutes  after  the  ball,  if  such  it  be,  had 
exploded.  Its  length  was  gradually  shorten- 
ed, widening  in  the  centre,  and  apparently 
consisted  of  separate  and  distinct  globules  of 
light,  drawing  around  a  common  centre,  glim- 
'mering  less  and  less  vividly  until  they  finally 
faded  in  the  distance.  Compared  with  the 
splendour  of  this  celestial  exhibition,  the  most 
brilliant  rockets  and  fireworks  of  art  bore  less 
relation  than  the  twinkling  of  the  most  tiny 
star  to  the  broad  glare  of  the  sun.  The  whole 
heavens  seemed  in  motion,  and  never  before 
has  it  fallen  to  our  lot  to  observe  a  phenome- 
non so  magnificent  and  sublime." 

Various  similar  accounts  of  the  same  phe- 
nomena were  given  in  the  Philadelphia^ 
Hartford,  Boston,  and  other  newspapers  of 
the  same  date,  of  which  the  following  are 
extracts: 

"  From  a  point  in  the  heavens,  aboat  fifteen 
degrees  south-easterly  from  our  zenith,  the 
meteors  darted  to  the  horizon  in  every  point 
of  the  compass.  Their  paths  were  described 
in  curve  lines  similar  to  those  of  the  circles 
of  longitude  on  an  artificial  globe.  They 
were  generally  short  in  their  course,  re- 
sembling  much    an    interrupted    line,   thus 

■ ' — -.     They  ceased  to  appear 

when  within  ten  degrees  of  the  horizon.  I 
did  not  see  a  single  meteor  pass  the  meteoric 
pole  I  have  described,  nor  one  pass  in  a  hori- 
zontal direction.  Several  of  them  afforded  as 
much  light  as  faint  lightning.  One  in  the 
north-east  was  heard  to  explode  with  a  sound 
like  that  of  the  rush  of  the  distant  sky-rocket. 
Millions  of  these  meteors  must  have  been 
darted  in  this  shower.  The  singularity  ot 
this  meteoric  shower  consisted  in  the  count- 
less number  of  the  celestial  rockets,  and  more 
especially  in  their  constant  uniform  divergence 
from  near  the  zenith." 

The  following  was  an  account  sent  by  Pro- 
fessor Thomson,  of  Nashville,  to  Professor 
Olmsted,  of  New  Haven,  of  the  meteors  which 
appeared  November  13,  1833,  as  seen  in  the 
State  of  Mississippi : — "  About  an  hour  before 
daylight  r  was  called  to  see  the  falling  me- 
teors; it  was  the  most  sublime  arid  brilliant 
sight  I  had  ever  witnessed.  The  largest  of 
the  falling  bodies  appeared  about  the  size  of 
Jupiter  or  Venus  when  brightest.  The  sky 
presented  the  appearance  of  a  shower  of  stars, 
which  many  thought  were  real  stars  and 
omens  of  dreadful  events.  I  noticed  the  ap- 
pearance of  a  radiating  joorn^,  which  I  con- 
ceived to  be  the  vanishing  point  of  straight 
lines  as  seen  in  perspective.  This  point  ap^ 
peared  to  be  stationary »  The  meteors  fell 
3  H  (637) 


Hosted  by  Google 


114 


SIDEREAL  HEAVENS 


10  the  earth  at  an  angle  of  about  seventy-five 
degrees  with  the  horizon,  moving  from  the 
east  towards  the  west."  The  following  is 
from  a  writer  in  the  Boston  Christian  Regis- 
ter : — "  My  first  attention  was  to  determine 
the  centre  or  point  fi-om  which  the  meteors 
started,  which,  from  the  place  where  f  stood, 
(lat.  42°  45'  N.,)  appeared  in  the  Lion's 
heart,  near  Regulus.  There  is  one  thing  that 
I  have  not  seen  noticed  by  any  that  have 
written,  and  which  could  not  have  been  no- 
ticed by  me  had  I  not  kept  my  eye  on  the 
centre  or  point  from  whence  the  meteors  all 
shot  forth  for  a  considerable  time,  and  that 
was  an  appearance  of  a  star  less  at  first  than 
the  stars  of  the  constellation  by  which  it  was 
surrounded,  but  it  would  increase  until  it  was 
much  larger  than  the  stars,  then  totally  dis- 
appear fi'om  ten  to  fifteen  minutes,  and  then 
appear  again ;  but  the  meteors  shot  forth  in 
greater  numbers  in  the  interval  between  the 
appearances  above  mentioned."* 

It  is  worthy  of  particular  notice,  that  the 
point  from  which  the  meteors  seemed  to  ema- 
nate was  observed,  by  those  who  fixed  its  posi- 
tion among  the  stars,  to  be  in  the  constellation 
Leo;  and,  according  to  their  concurrent 
testimony,  this  radiant  point  was  stationary 
among  ■  the  stars  during  the  whole  period  of 
observation — that  is,  it  did  not  move  along 
with  the  earth  in  its  diurnal  revolution  east" 
ward,  but  accompanied  the  stars  in  their 
apparent  progress  westward,  which  proves 
the  elevation  of  the  meteors  to  be  far  beyond 
our  atmosphere.  The  following  cut  repre- 
sents the  appearance   of   these  meteors  for 

Fig.  76. 


several  hours,  as  seen  at  Boston,  New  York, 
Philadelphia,  and  other  places  in  the  eastern 
parts  of  the  United  States.  It  is  copied  from 
one  of  the  American  periodicals  published 
about  the  time  when  those  phenomena  ap- 
peared. 

Meteoric    phenomena    nearly   resembling 

*  This  astonishing  exhibition  covered  a  very 
eonsiderable  part  of  the  earth's  surface.  It  has 
been  traced  from  the  longitude  of  6i°  in  the  At- 
lantic Ocean  to  lOU*'  in  Central  Mexico,  and  from 
the  North  American  lakes  to  the  West  Indies. 
(tJ38) 


what  has  been  now  desciibed,  have  occurred 
at  several  former  periods.  One  remarkabk 
instance  of  what  was  called  "  showers  of  fire  ' 
occurred  over  eighty  years  ago  in  South 
America.  At  Quito,  so  many  falling  ctani 
were  seen  above  the  volcano  of  Gayambo,  that 
the  inhabitants  were  led  to  imagine  the 
mountain  to  be  in  flames.  The  peopio  as- 
sembled in  the  plain  of  Exico,  and  a  proces- 
sion was  about  to  set  out  in  consequence  from 
the  convent  of  St.  Francis,  when  they  dis- 
covered the  phenomenon  to  be  occasioned  by 
meteors  which  ran  along  the  skies  in  all 
directions. 

A  more  extensive  and  remarkable  phe- 
nomenon of  this  kind  occurred  in  the  night 
of  the  12th  of  November,  1779.  Of  this  ap- 
pearance, as  it  was  seen  at  Cumana,  an  accu- 
rate account  has  been  given  by  M.  Humboldt 
and  M.  Boupland.  It  occurred  towards  the 
morning,  when  thousands  of  meteors,  eolides, 
fire-balls,  or  falling  stars,  as  they  were  vari- 
ously denominated,  succeeded  each  other 
during  four  hours.  Their  direction  was  from 
north  to  south.  They  rose  in  the  horizon 
at  east-north-east,  followed  the  direction  of 
the  meridian,  and  fell  towards  the  south. 
There  was  little  wind,  and  this  from  the  east. 
No  trace  of  clouds  was  seen.  There  was  not 
a  space  in  the  firmament  equal  in  extent  to 
three  diameters  of  the  moon  which  was  not 
filled  with  burning  stars.  They  were  of  dif- 
ferent  sizes ;  they  left  luminous  traces  of  from 
five  to  ten  degrees  in  length.  The  appear- 
ance of  these  traces  continued  seven  or  eight 
seconds.  Many  of  the  stars  had  a  distinct 
nucleus  as  large  as  the  apparent  disk  of 
Jupiter.  The  largest  were  from  1°  to  1°  13' 
in  diameter.  Their  light  was  white,  and 
they  seemed  to  burst  as  by  explosion.  They 
were  seen  by  all  the  inhabitants  of  Cumana, 
the  oldest  of  whom  asserted  that  the  great 
earthquakes  of  1766  were  preceded  by  similar 
phenomena. 

It  is  a  circumstance  worthy  of  particular 
notice,  that  these  meteoric  showers  have  taken 
place  chiefly  on  the  12th  and  13th  of  No- 
vember, and  hence  they  are  now  distinguished 
by  the  name  of  the  November  Meteors, 
Captain  Hammond  gives  the  following  ac- 
count of  shooting  stars  seen  at  Mocha,  on  the 
Red  Sea,  November  13th,  1832,  the  day  and 
month  on  which  they  have  most  generally 
been  seen  : — "  From  one  o'clock,  A.  M.,  till 
after  daylight,  there  was  a  very  unusual  phe- 
nomenon in  the  heavens.  It  appeared  like 
meteors  bursting  in  every  direction.  The 
sky  at  the  time  was  clear,  the  stars  and  moon 
bright,  with  streaks  of  light  and  thin  white 
clouds  interspersed  in  the  sky.  On  landing 
in  the  morning,  I  inquired  of  the  Arabs  if 
they  had  noticed  the  above.     They  said  tlicy 
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had  been  observing  it  most  of  the  night.  I 
esked  them  if  ever  the  Uke  had  appeared  be- 
fore 1  The  oldest  of  them  repUed  that  it  had 
not/' 

On  the  morning  of  the  12th  of  November, 
1799,  a  remarkable  phenomena  of  this  kind 
was  seen  by  Mr.  EUicot,  near  Cape  Florida, 
which  he  thus  describes  : — "  The  phenomenon 
was  grand  and  awful ;  the  whole  heavens  ap- 
peared as  if  illuminated  with  sky-rockets, 
which  disappeared  only  with  the  light  of  the 
sun  after  daybreak.  The  meteors,  which  at 
any  one  instant  of  time  appeared  as  numerous 
as  the  stars,  flew  in  all  possible  directions,  ex- 
cept from  the  earth,  towards  which  they  all 
incHned  more  or  less,  and  some  of  them  de- 
scended perpendicularly  over  the  vessel  we 
were  in,  so  that  we  were  in  constant  dread 
of  their  falling  on  us."  The  same  appear- 
ances were  observed  on  the  same  night  at 
Santa  Fe,  Cumana,  Quito,  and  Peru,  in 
South  America,  as  far  north  as  Labrador  and 
Greenland,  and  as  far  east  as  Weimar  in 
Germany  ;  thus  having  been  visible  over  an 
extent  on  the  globe  of  64°  in  latitude,  and 
94°  of  longitude.  Meteoric  showers  were 
also  seen  on  the  morning  of  the  13th  of 
November,  1831,  in  the  Ohio  country,  and 
along  the  coast  of  Spain. 

Flights  of  shooting  stars,  more  or  less  nu- 
merous, have  been  seen  in  different  places, 
both  in  Europe  and  America,  at  the  same 
period — namely,  the  13th  of  November,  in  the 
years  1834, 1835, 1836,  and  1837,  so  that  they 
are  now  considered  as  a  regular  periodical 
phenomenon.  In  a  letter  I  received,  in  1837, 
from  Elijah  H.  Burrett,  Esq.,  A.  M.,  a  scien- 
tific gentleman  in  the  state  of  Connecticut, 
and  a  correspondent  of  Professor  Olmsted,  he 
has  the  following  notice  on  the  subject:-— 
"  With  respect  to  the  shooting  stars,  I  believe 
Professor  Olmsted  is  now  very  strong  in  the 
belief  that  they  are  exactly  periodical  and 
annual.  The  recurrence  of  this  singular 
phenomena  on  the  morning  of  the  13th  of 
November,  1836,  and  very  nearly  at  the  same 
hour,— the  radiation  of  the  meteors  from  the 
same  point  of  the  heavens,  differing  only  one 
half  a  degree,  (as  did  those  of  1834,)  namely 
145°  right  ascension  in  the  face  of  Leo,  and 
all  the  attending  phenomena  being  the  same, 
though  upon  a  scale  less  magnificent, — settle 
the  question  as  to  its  being  a  regular  and 
annual  phenomenon.  According  to  his  no- 
tion, the  zodiacal  light  is  an  attribute  of  the 
same  cause,  or  an  emanation  from  the  same 
radiant.  Accordingly,  my  friend  Dr.  Olmsted 
was  fortunate  enough  to  see  just  so  much  of 
the  zodiacal  light  last  May  as  to  enable  him 
to  identify  it  with  the  phenomena  of  Novem- 
ber, 1834,  except  that  it  was  in  the  other 
node." 


One  of  the  most  remarkable  circumstances 
attending  this  display,  in  1833,  was,  that  the 
meteors  all  seemed  to  emanate  from  one  and 
the  same  point,  a  little  south-east  of  the 
zenith.  Following  the  arch  of  the  sky,  they 
ran  along  with  immense  velocity,  describing 
in  some  instances  an  arc  of  30°  oi  40°  in  a 
few  seconds.  On  an  attentive  inspection,  it 
was  seen  that  the  meteors  exhibited  three 
distinct  varieties ;  thejirst  consisthig  of  phm» 
phoric  lines,  apparently  described  by  a  point ; 
the  second,  of  large  fire-halls  that  at  intervals 
darted  along  the  sky,  leaving  luminous  trains 
which  occasionally  remained  in  view  for  a 
number  of  minutes,  and  in  some  cases  for 
half  an  hour  or  more ;  the  third  of  undefined 
luminous  bodies,  which  remained  nearly 
stationary  in  the  heavens  for  a  considerable 
time.  Those  of  the  first  variety  were  the 
most  numerous,  and  resembled  a  shower  of 
fiery  snow  driven  with  inconceivable  velocity. 
The  second  kind  appeared  more  like  falling 
stars, — 2i  spectacle  which  was  contemplated 
by  certain  beholders  with  great  amazement 
and  terror.  They  were  sometimes  of  enor- 
mous size.  One  of  them  seen  in  North 
Carolina  appeared  larger  than  the  full  moon 
rising,  and  its  light  rendered  even  small  ob- 
jects visible.  The  same  ball,  or  a  similar 
one,  seen  at  New  Haven,  passed  off  in  a 
north-west  direction  and  explotled  a  little 
northwg.rd  of  the  star  Capella,  leaving  a  train 
of  peculiar  beauty.  The  line  of  direction  was 
at  first  nearly  straight,  but  it  soon  began  to 
contract  in  length,  to  dilate  in  breadth,  and  to 
assume  the  figure  of  a  serpent  scrolling  itself 
up  until  it  appeared  like  a  luminous  cloud  of 
vapour  floating  gracefully  in  the  air,  where  it 
remained  in  full  view  for  several  minutes. 
Of  the  third  variety,  the  following  are  ex- 
amples : — At  Poland,  State  of  Ohio,  a  lumi- 
nous body  was  distinctly  visible  in  the  north- 
east for  more  than  an  hour.  It  was  very 
brilliant,  in  the  form  of  a  pruning  hook,  and 
apparently  twenty  feet  long  and  eighteen 
inches  broad.  It  gradually  settled  towards 
the  horizon  until  it  disappeared.  At  Niagara 
Falls,  a  large  luminous  body,  shaped  like  a 
square  table,  was  seen  near  the  zeitiith,  re- 
maining for  some  time  almost  stationary, 
emitting  large  streams  of  light. 

The  recurrence  of  this  wonderful  pheno- 
menon at  the  same  season  of  the  year  soon 
attracted  the  attention  of  the  philosophers 
of  Europe,  and  they  resolved  to  watch  more 
particularly  the  aspect  of  the  nocturnal  hea- 
vens in  the  month  of  November.  The  cele- 
brated M.  Arago  made  arrangements  to  pro- 
cure simultaneous  observations  from  the 
different  parts  of  France,  for  the  night  be- 
tween the  12th  and  13th  of  November,  1836. 
The  following  is  the  substance  of  the  rejKJii 
(639) 
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which  was  published  of  these  observations. 
The  places  at  which  observations  were  made, 
and  the  number  of  meteors  counted,  were  as 
under : 

Paris,  at  the  Observatory        .     ,    .     .     170 
Dieppe,  100  miles  north-west  of  Paris  .       36 
Arras,  100  miles  north  of  Paris  ...       27 
Strasburgh,  250  miles  east  of  Paris  .     .       85 
Von  Altemare,  260  miles  south-east  of  Paris  75 
Angou,  180  miles  south-west  of  Paris  ,       49 
Rochefort,  260  miles  south-south-west  of 

Paris     .........     23 

Havre,  120  miles  west  of  Paris    .     .     .  300 

Besides  these  positive  observations,  infor- 
mation was  received  of  similar  phenomena 
having  been  observed  at  other  places.  In  the 
neighbourhood  of  Tours,  for  example,  the 
peasants  declared  they  had  seen  a  rain  of  fire 
during  the  night;  and  in  the  valle}^  of  the 
Rhone,  near  CuUoy,  three  asteroids  succeeded 
each  other  with  such  rapidity  that  the  people, 
seeing  them  through  a  fog,  supposed  them  to 
be  flashes  of  lightning,  or  a  repetition  of  the 
brilliant  aurora  of  the  18th  of  October.  As 
in  the  great  meteoric  shower  of  1833,  so  at 
this  time  the  greater  part  of  the  falling  stars 
which  were  particularly  observed  seemed  to 
issue  from  a  point  in  the  constellation  of  Leo. 
Of  those  noticed  at  Bercy,  fifty-seven  traversed 
lines  which  if  continued  would  have  ended 
in  that  constellation ;  and  of  eighty-five  ob- 
served at  Strasburg,  fifty-seven  had  similar 
courses.  M.  Arago  purposes  an  inquiry 
whether,  from  their  number,  this  shower  of 
falling  stars  may  or  may  not  be  considered 
unusual ;  and  he  gives  the  following  compari- 
sons :  At  Paris,  on  the  preceding  night,  none 
were  seen  during  an  hour ;  from  three  to  five 
were  seen  in  the  same  space  of  time  on  the 
night  after  the  shower,  and  from  two  to  three 
on  the  second  night.  On  the  precedi^^'r  night, 
at  Bercy,  not  one  was  seen  in  two  hours.  At 
Von  Altemare,  on  the  6th  of  November,  none 
were  seen  during  two  hours'  watching ;  on 
the  7th,  there  were  four  in  four  hours ;  on  the 
8th,  none  in  three  hours ;  on  the  9th,  one  in 
six  hours  ;  and  on  the  14th,  two  in  six  hours. 

I  have  been  somewhat  particular  in  stating 
the  more  remarkable  circumstances  connected 
with  this  phenomenon,  as  there  is  every  rea- 
son to  believe  that  it  is  produced  by  an  un- 
known celestial  body  at  a  considerable  dis- 
tance fi-om  the  earth;  and  I  shall  now  pro- 
ceed to  give  a  brief  view  of  the  opinions  which 
certain  philosophers  entertain,  and  the  deduc- 
tions they  have  been  led  to  make  in  reference 
to  this  subject. 

In  the  "  Americari  Journal  of  Science"  for 
April,  1834,  Dr.  Olmsted,  professor  of  mathe- 
matics and  natural  philosophy  in  Yale  Col- 
(640) 


lege.  New  Haven,  has  entered  into  an  elabo- 
rate investigation  of  this  subject  in  a  commu- 
nication which  occupies  about  forty-two  pages. 
The  whole  of  this  paper  is  well  worthy  oi  the 
attentive  perusal  of  the  philosophic  inquirer, 
but  the  limits  to  which  I  am  necessarily  con- 
fined in  this  chapter  will  permit  me  to  state 
only  the  general  results  of  the  professor's 
investigations;  all  of  which  appear  to  be  de- 
duced from  the  phenomena  with  great  acute- 
ness  and  ingenuity  of  reasoning.  These  re- 
sults are : 

1.  That  the  meteors  of  Novemjer  13  had 
their  origin  beyond  the  limits  of  our  atmo- 
sphere. For  the  source  of  the  meteors  did  not 
partake  of  the  earth's  motion,  which  was  de- 
monstrable from  a  variety  of  circumstances, 
some  of  which  have  been  alluded  to  above. 

2.  That  the  height  of  the  place  whence  the 
meteors  emanated,  above  the  surface  of  the 
earth,  was  about  2238  miles.  This  was  as- 
certained from  a  comparison  of  different  ob- 
servation made  in  different  places,  and  from 
trigonometrical  calculations  founded  upon 
them. 

3.  The  meteors  fell  towards  the  earth,  be- 
ing attracted  to  it  by  the  force  of  gravity. 
It  seemed  unnecessary  to  assign  any  other 
cause,  since  gravity  is  adequate  to  produce 
the  effect. 

4.  They  fell  towards  the  earth  in  straight 
lines,  and  in  directions  which,  within  con- 
siderable distances,  were  nearly  pwraiiei  wmc 
each  other.  The  courses  are  inferred  to 
have  been  straight  lines,  because  no  others 
could  have  appeared  to  spectators  in  different 
situations  to  have  described  arcs  of  great 
circles. 

5.  They  entered  the  earth^s  atmosphere 
with  a  velocity  equal  to  about  four  miles  per 
second,  or  more  than  ten  times  greater  than  the 
maximum  velocity  of  a  cannon  ball,  and  about 
nineteen  times  that  of  sound.  This  was  in- 
ferred from  the  laws  of  falling  bodies. 

6.  The  meteors  consisted  of  combustible  mat- 
ter, and  tookjire  and  were  consumed  in  tra- 
versing the  atmosphere.  They  were  seen 
glowing  with  intense  light  and  heat,  increas- 
ing in  size  and  splendour  as  they  approached 
the  earth.  They  were  seen  extinguished  in 
a  manner  in  all  respects  resembling  a  combus- 
tible body  like  a  sky-rocket;  and  in  the  case 
of  the  larger,  a  cloud  of  luminous  vapour  was 
iseen  as  the  product  of  combustion.  That 
they  took  fire  in  the  atmosphere  is  inferred 
from  the  fact  that  they  were  not  luminous  in 
their  original  situation  in  space,  otherwise  the 
body  fi-oni  which  they  emanated  would  have 
been  visible. 

7.  Some  of  the  larger  meteors  must  have 
been  bodies  of  great  size.  Some  of  them  ap- 
peared larger  than  the  full  moon  rising,  feiicb 
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a  body  seen  at  1 10  miles  distance  behoved  to 
have  been  one  mile  in  diameter ;  at  fifty-five 
mile6,  one-half  mile  ;  at  2-2  miles,  one-fifth  of 
a  mile;  at  5 3  miles,  one-twentieth  of  a  mile, 
or  264  feet. 

8.  The  meteors  were  constituted  of  light 
and  transparent  materials.  They  were  of 
light  materials,  otherwise  their  momentum 
would  have  been  sufficient  to  enable  them  to 
make  their  way  through  the  atmosphere  to  the 
surface  of  the  earth.  They  were  transparent 
bodies,  othei'wise  we  cannot  conceive  how 
they  could  have  existed  together  in  their  ori- 
ginal state  without  being  visible  by  reflected 
light. 

9.  The  next,  and  one  of  the  principal  sub- 
jects of  inquiry  was,  What  relations  did  the 
bodt/  which  afforded  the  meteoric  shower  sus- 
tain  to  the  earth  ?  Was  it  of  the  nature  of 
a  satellite  that  revolves  round  the  earth  as  its 
centre  of  motion  1  Was  it  a  collection  of  ne- 
bulous matter  which  the  earth  encountered  in 
its  annual  motion  1  or  was  it  a  comet  which 
chanced  at  this  time  to  be  pursuing  its  path 
along  with  the  earth  around  their  common 
centre  of  motion  T  It  could  not  have  been  a 
satellite,  because  it  remained  so  long  station- 
ary with  respect  to  the  earth;  nor  was  it  a 
nebula,  either  stationary  or  wandering  lawless 
through  space.  Such  a  collection  of  matter 
could  not  remain  stationary  within  the  solar 
system ;  and  had  it  been  in  motion  in  any 
other  direction  than  that  in  which  the  earth 
was  moving,  it  would  soon  have  been  sepa- 
rated from  the  earth,  since  during  the  eight 
hours  while  the  meteoric  shower  lasted,  the 
earth  moved  in  its  orbit  through  the  space  of 
540,000  miles.  The  conclusion  to  which 
Professor  Olmsted  arrives,  after  a  due  con- 
sideration of  all  the  circumstances,  is  the  fol- 
lowing : 

That  the  meteors  of  November  IMh  con- 
sisted of  portions  of  the  extreme  parts  of  a 
nebulous  body,  which  revolves  around  the  sun 
in  an  orbit  interior  to  that  of  the  earth,  but 
little  inclined  to  the  plane  of  the  ecliptic^ 
having  its  aphelion  near  to  the  eartKs  path, 
and  having  a  periodic  time  of  182  days 
nearly. 

This  conclusion,  the  professor  thinks,  will 
account  for  the  following,  among  other  circum- 
stances : — Why  the  phenomenon  remained  so 
long  stationary  with  respect  to  the  earth ;  why 
it  was  seen  in  that  particular  part  of  the 
heavens;  and  why  it  returns  at  stated  periods, 
having  appeared  at  Mocha,  in  Arabia,  just 
one  year  preceding,  and  in  a  manner  very 
flimilar  to  the  present,  as  described  by  Hum- 
boldt and  by  Ellicot  thirty-four  years  before. 
It  will  likewise  account  for  an  auroral  light, 
resembling  daybreak,  which  was  seen  in  the 
east  several  hours  before  the  dawn  of  day,  and 
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it  is  also  supposed  it  may  account  for  the  di*^ 
ferent  appearances  of  the  zodiacal  light.  The 
professor  is  of  opinion  that  the  body  alluded 
to  is  somewhat  analogous  to  that  of  a  comet. 
Fig.  77  represents  the  supposed  orbit  of  this 
body  in  relation  to  that  of  the  earth.  E  H 1 
K  represents  the  orbit  of  the  earth ;  <S,  the 
position  of  the  sun ;  and  C  D  F  G,  the  sup- 
posed  orbit  of  the  body  which  was  the  source 
of  the  meteoric  phenomena.  At  the  time 
these  phenomena  were  seen,  the  body  is  sup- 
posed to  have  been  at  C  when  the  earth  waa 
at  E» 

^  Fig.  77. 


Arago  appears  to  entertain  an  opimon  on 
this  subject  not  very  different  from  that  of 
Dr,  Olmsted.  He  supposes  that  there  may 
be  myriads  of  bodies,  composed  probably  of 
nebulous  matter  similar  to  the  tails  of  comets, 
circulating  round  the  sun  in  a  zone  or  ring 
that  crosses  the  earth^s  orbit  at  that  part 
where  it  is  about  the  12th  November,  anJ 
that  some  of  them,  drawn  fi'om  their  course 
by  the  earth's  attraction,  fall  towards  it,  and 
taking  fire  when  they  enter  the  atmosphere, 
in  consequence  of  their  prodigiously  rapid 
motion,  present  the  luminous  phenomena  of 
falling  stars.  The  body  or  bodies  fi-om  which 
these  meteors  proceed,  he  considers  as  un- 
questionably in  rapid  motion,  performing  a 
revolution  round  the  sun  in  some  plane  differ- 
ent from  that  of  the  earth's  orbit;  and  that 
the  apparent  course  of  the  meteors  will  be 
compounded  of  this  proper  motion  an<i  uf  the 
earth's  motion  in  its  orbit  at  the  time.  t  fol- 
lows, that  the  point  from-  which  they  seem  to 
come  will  be  that  towards  which  the  earth  is 
moving  at  the  time,  namely,  the  constellation 
Leo  ;  fox  the-  line  or  tangent  of  the  eartli'i 
annual  motion  at  the  13th  and  14th  Nosreia- 
her  points  exactly  to  that  constellation** 

*  A  gentleman  in  South  Carolina  thus  deseribon 
the  effect  of  the  pherjomenon  of  1833  upon  his  «e» 
Silt  r641) 
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Thus  it  appears  that  celestial  hpdies  are 
revolving  around  us  of  which  we  formerly  had 
ao  knowledge  or  conception.  A  new  planet- 
ary system,  within  the  limits  of  the  old,  is  be- 
ginning to  be  revealed  to  us,  the  number  of 
the  bodies  belonging  to  which  may  be  much 
greater  than  we  are  yet  aware  of,  and  their 
])articular  properties  and  motions  may  at  no 
distant  period  be  detected  and  explained. 
This  is  one  proof,  among  others,  that  bodies 
of  a  considerable  size  may  exist  in  the  hea- 
vens, and  be  prosecuting  their  courses  in  va- 
rious directions,  though  they  have  never  been 
detected  by  our  telescopes.  The  subject  is 
pecuUariy  interesting  to  philosophers  and  as- 
tronomers. The  facts  which  have  already 
been  observed  afford  a  sensible  proof  of  the 
attractive  power  of  the  earth  over  bodies  at  a 
distance  in  the  heavens ;  and  it  is  to  be  hoped 
that  the  future  observations  and  investigations 
of  scientific  men,  in  relation  to  such  pheno- 
mena, will  throw  some  further  light  on  the 
nature  and  properties  of  bodies  which  have 
hitherto  been  involved  in  darkness  and  mys- 
tery. What  the  destination  of  such  bodies 
may  be,  or  the  ends  they  serve  in  the  econo- 


my of  nature,  we  arc  as  yet  entirely  ignoran 
of.  It  appears  pretty  evident  that  they  ar© 
bodies  of  no  great  density,  otherwise  then 
effect  on  the  earth  might  have  been  more  ter- 
rific and  disastrous.  Had  their  quantity  of 
matter  been  considerable,  when  accompanied 
with  so  prodigious  a  velocity  as  they  evidently 
had,  their  momentum  would  have  been  £uch 
as  to  have  dashed  them  Vvith  violence  upon 
the  earth,  where  the  most  appalling  elTecta 
might  have  been  produced,  in  the  demolitioii 
of  human  habitations,  and  the  destruction  of 
thousands  of  their  inhabitants.  But  it  does 
not  appear  that  any  of  them  made  their  way 
through  the  atmosphere  to  the  surface  of  the 
earth,  which  was  doubtless  owing  to  the  com- 
paratively light  materials  of  which  they  were 
composed.  This  circumstance,  along  with 
many  others,  evidently  shows  that  we  may  be 
surrounded  with  numerous  bodies  and  sub« 
stances  impalpable  to  the  organs  of  vision,  any 
one  of  which  might  be  sufficient  to  deprive 
us  of  our  comforts,  and  even  prove  destmctive 
to  our  existence,  were  it  not  under  the  direc- 
tion and  control  of  Infinite  Wisdom  and  Be* 
nevolence. 


CHAPTER  XVL 


Rrguments  Illustrative  of  the  Doctrine  of  a  Plurality  of  Woi^lds, 


HAYia-G  in  the  preceding  pages  exhibited 
A  condensed  view  of  the  principal  facts  in  re- . 
btion  to  the  Sidereal  Heavens,  I  shall  now 
inquire  into  some  of  the  designs  which  the 
Almighty  Creator  appears  to  have  had  m 
¥iew  in  replenishing  his  universe  with  such 
an  immense  number  and  variety  of  magnifi- 
cent orbs.  In  Chapter  IX.  of  '*  Celestial 
•Scenery,"  I  entered  on  a  consideration  of  this 
subject,  and  illustrated  at  some  length  a  few 
leading  arguments,  which  tend  to  prove  that 
matter  was  created  chiefly  in  subserviency  to 

«rroes  :  "I  was  suddenly  awakened  by  the  most 
4istressine  cries  that  ever  fell  on.  my  ears.  Shrieks 
of  horror  and  cries  of  mercy  1  could  hear  from 
most  of  the  nei^roes  on  three  plantations,  amonnl- 
sng  in  all  to  about  six  or  ei<,dit  hundred.  VVhile 
earnestly  lisienin^  for  the  cause,  1  heard  a  faint 
voice  near  the  door  callincf  my  name.  1  arose, 
and  taking  my  sword,  stood  at  the  door.  At  this 
moment  I  heard  the  same  voice  still  beseeching 
Hie  to  rise,  and  saying,  'Oh,  mv  God  !  the  world 
h  on  fire  !'  I  then  opened  the  door,  and  it  is  ditti- 
cult  to  say  which  excited  me  most— the  awfulness 
of  the  scene,  or  the  distressed  erie»  of  the  negroes. 
Upwards  of  one  hundred  lay  prostrate  on  the 
•"round  ;  some  speechless,  and  some  uttering  the 
l>itterest  cries,  but  most  with  their  hands  raised, 
Mnploring  God  to  save  the  world  and  them,  ihe 
sicene  was  truly  awful ;  for  never  did  ram  fall 
much  thicker  than  the  meteors  fell  towards  the 
v-arth,  east,  west,  north,  and  south,  it  was  the 
aaiwc!" 
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mind,  and  that  the  main  object  of  the  crea- 
tion of  the  planets,  as  proved  from  all  the 
decorations  and  special  aiTangements  connect- 
ed with  them,  *vas  to  afford  habitations  for 
numerous  orders  of  sensitive  and  intellectual 
beings.  Without  resuming  the  consideration 
of  any  of  the  arguments  there  stated,  I  shall 
in  this  chapter  offer  a  few  additional  argu- 
ments corroborative  o^  the  same  position, 
which,  taken  in  connexion  with  the  former, 
will,  I  trust,  amount  to  a  moral  demonstra- 
tion that  all  the  great  globes  in  the  universe 
are  in  some  respect  or  another  connected  with 
intelligent  existence. 

I.  The  first  class  of  arguments  I  shall  illus- 
trate is  the  following :— That  the  doctrine  of 
a  plurality  of  worlds  is  more  worthy  of  the 
perfections  of  the  Infinite  Creator,^  and 
gives  us  a  more  glorious  and  magyiificent 
idea  of  his  character  and  operations  than  to 
suppose  his  benevolent  regards  confined  to 
the  globe  on  which  we  dwell 

1.  The  doctrine  of  a  plurality  of  worlds  is 
more  accordant  with  the  idea  of  the  infinity 
of  the  Divine  Mind  than  any  other  position.. 
It  is  admitted  by  all  rational  theists  and  theo- 
logians that  the  Divme  nature  fills  the  im- 
mensity of  space,  and  we  consequently  adore 
the  Creator  as  an  infinite  and  incomprchen»- 
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file  boing.  But  we  can  have  no  ideas  ap- 
proximating to  what  infinity  really  is,  unless 
by  the  prospects  opened  to  us  of  the  indefinite 
extension  of  material  existence.  Beyond  the 
limits  we  may  assign  to  the  material  world, 
our  ideas,  if  we  have  any  ideas  at  all,  run 
into  confusion,  and  approximate  to  inanity. 
It  does  not  comport  with  the  idea  of  a  Being 
of  infinite  perfection  that  his  works  should  be 
confined  to  one  point  of  infinite  space,  or  that 
one  comparatively  small  race  of  intelligent 
beings  should  be  the  sole  object  of  the  moral 
government  of  Him  whose  presence  fills  the 
regions  of  immensity.  It  is  more  correspond- 
ing to  tiie  conceptions  we  ought  to  form  of 
such  a  Being  that  the  immensity  of  his  works 
should  correspond,  in  some  degree,  to  the 
immensity  of  his  nature ;  and,  so  far  as  oui 
knowledge  and  observation  extend,  this  is  in 
reality  the  case.  Beyond  the  range  of  natural 
vision,  the  telescope  enables  us  to  descry  nu- 
merous objects  of  amazing  magnitude;  and, 
in  proportion  to  the  excellence  of  the  instru- 
ment and  the  powers  applied,  objects  still 
more  remote  in  the  spaces  of  immensity  are 
unfolded  to  our  view,  leaving  us  no  room  to 
doubt  that  countless  globes  and  masses  of 
matter  iie  concealed  in  the  still  remoter  re- 
gions of  infinity,  far  beyond  the  utmost  stretch 
of  mortal  vision.  But  huge  masses  of  matter, 
however  numerous  and  widely  extended,  if 
devoid  of  intelligent  beings,  could  never  com- 
port with  the  idea  of  happiness  being  coex- 
tensive with  the  range  of  the  Creator's  domi- 
nions. Such  an  idea  wonld  completely  ob- 
scure the  lustre  of  all  his  other  attributes,  and 
prevent  them  from  being  known  and  appre- 
ciated wherever  his  Omnipotence  is  displayed. 
To  consider  creation,  therefore,  in  all  its  de- 
partments, as  extending  throughout  regions 
of  space  illimitable  to  mortal  view,  and  filled 
with  intelligent  existence,  is  nothing  more 
than  what  comports  with  the  idea  of  Hiivr 
who  inhabiteth  immensity,  and  whose  perfec- 
tions are  boundless  and  past  finding  out. 

2.  The  idea  of  the  indefinite  extension  of 
the  universe  and  a  plurality  of  worlds  is  most 
accordant  with  the  eternity  of  the  Divine 
Mind.  When  we  go  back  in  imagination  to 
ages  and  centuries  of  duration  more  numer- 
ous than  the  drops  of  ocean  or  the  sands  on 
the  sea-shore,  we  find  the  Deity  existing  in 
all  the  plenitude  of  his  incommunicable  attri- 
butes ;  for  "  He  inhabiteth  eternity,"  as  well 
as  immensity.  There  is  nothing  repugnant 
either  to  reason  or  revelation  to  suppose  that, 
innumerable  ages  before  our  globe  was  ar- 
ranged into  its  present  state,  many  regions 
of  infinite  space  were  replenished  with  mate- 
rial existence;  for  the  Scriptures  nowhere 
assert  that  the  materials  out  of  which  our 
globe  was  arranged  were  brought  from  no- 


thing into  existence  at  the  period  when 
Moses  commences  his  narrative  of  the  pro- 
cesses which  preceded  the  formation  of  man. 
Nor  have  we  any  reason  to  believe  that  the 
operations  of  Creating  Power  have  ceased 
since  the  structure  of  our  world  was  com- 
pleted, but  have  some  evidences  of  the  con- 
trary ;  for  example,  in  the  case  of  neiu  stars 
which  have  made  their  appearance  at  difier- 
ent  periods  since  the  time  of  the  Mosaic  crea- 
tion, and  even  within  the  limits  of  the  last 
centuiy.  It  does  not  appear  corresponding 
to  the  idea  .of  an  Eternal  Being,  whose  ex- 
istence can  never  terminate,  and  whose  per- 
fections are  the  same  at  all  periods  of  dura- 
tion, that  every  thing  should  stand  still  in  the 
universe,  and  that  nothing  new  should  arise 
into  existence  during  the  lapse  of  infinite  du- 
ration, which  would  in  efiect  be  the  case  if 
the  work  of  creation  were  absolutely  finished, 
or  if  man  were  the  principal  intelligence  con- 
nected with  the  material  system. 

Whether  the  happiness  of  the  Divinity 
may  be  increased  by  the  contemplation  of  his 
purposes  and  plans  being  brought  into  effect, 
we  cannot  positively  declare ;  though  it  does 
not  appear  contrary  to  reason  or  the  dictates 
of  Scripture  to  suppose  that  even  the  felicity 
of  the  Deity  may,  in  a  certain  limited  and 
modified  sense,  be  susceptible  of  augmenta- 
tion.* But  whatever  opinion  may  be  formed 
on  this  point,  from  the  constitution  of  finite 
minds,  and  the  principles  and  desires  implant- 
ed in  them,  it  appears  necessary  to  their  pro- 
gressive enjoyment  that  new  scenes  and  ma- 
nifestations of  Divine  perfection  should  be 
continually  opening  to  their  view;  and  if  the 
universe  be  indefinitely  extended,  as  it  appears 
to  be,  and  if  new  worlds  are  continually 
springing  up  under  the  creating  hand  of  the 
Omnipotent,  then  we  behold  a  prospect  of 
progressive  knowledge  and  enjoyment  suited 
to  the  desires  and  aspirations  of  intelligent 
minds,  which  can  never  terminate  throughout 
all  the  future  periods  of  eternity.  It  is  indeed 
absurd  to  suppose  that  a  Being  without  be- 

*  It  is  declared  in  Psalm  cxlvii.  11  :  "The  Lord 
taketh  pleasure  in  them  that  fear  him,  in  those 
that  hope  in  his  mercy  ;"  and  in  relation  to  Mes- 
siah it  is  said,  "Jehovah  is  well  pleased  for  his 
righteousness'  sake."  In  reference  to  the  mate- 
ria! works  of  creation  it  is  said.  Psalm  civ.  31, 
"The  glory  of  the  Lord  shall  endure  for  ever;  the 
Lord  shall  HE  JO  iciE  in  all  his  works.'"  Tbe  ex- 
pression, "The  glory  of  the  Lord,"  denotes  the 
display  of  the  Divine  perfections  made  in  the 
works  of  creation,  as  is  evident  from  the  subject 
of  the  psalm  in  which  it  occurs,  which  celebrates 
the  power,  wisdom,  and  providence  of  God,  in  re- 
lation to  the  objects  of  the  visible  world.  In  re- 
ference  to  these  objects  it  is  said,  "  The  Lord  shaH 
rejoice"  in  them,  which  seems  to  imply,  speaking 
after  the  manner  of  men,  a  des^ree  of  pleasure  or 
satisfaction  in  beholding  his  wise  and  benevolent 
plans,  and  his  eternal  purposes,  brought  xsit<Q 
effect  and  fulfilling  the  end?  intended. 

(613) 
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ginnir.g  and  without  end  should  have  hi3 
attention  solely  or  chiefly  directed  to  one 
point  of  his  universe,  and  to  one  class  of  in- 
telligences, "  to  whom,"  in  point  of  number 
and  of  rank,  "they  are  counted  as  nothing, 
and  less  than  nothing,  and  vanity." 

In  respect  to  a  Being,  then,  who  fills  the 
infinity  of  space  with  his  presence,  and  who 
is  possessed  of  eternal  duration,  it  is  nothing 
more  than  what  is  consistent  with  these 
attributes,  and  what  we  should  naturally  ex- 
pect, that  his  empire  should  stretch  over  the 
regions  of  immensity,  and  that  it  should  be 
filled  with  innumerable  intelligences,  capable 
of  appreciating  his  power  and  goodness,  and 
of  paying  a  tribute  of  gratitude  and  adoration. 
The  two  attributes  to  which  we  have  adverted 
could  never  be  thoroughly  displayed  to  finite 
minds,  unless  creation  were  extended  through 
the  illimitable  tracks  of  space,  and  new  crea- 
tions gradually  unfolding  themselves  to  view. 
Were  crear*  )n  as  limited  as  many  suppose, 
were  it  confined  chiefly  to  the  world  in  which 
we  dwell,  and  the  beings  connected  with  it, 
we  might  in  the  course  of  a  few  ages  be  said 
in  some  measure  to  comprehend  the  Creator, 
having  explored  all  the  displays  he  has  made 
on  his  power,  wisdom,  and  goodness;  for  we 
know  nothing  more  of  the  Deity  than  the 
manifestations  he  has  made  of  himself  in  his 
works  and  his  moral  dispensations.  Every 
thing  in  relation  to  man  and  his  habitation 
might  be  known  after  the  investigations  of  a 
very  limited  number  of  ages,  and  nothing 
further  would  remain  to  stimulate  the  exercise 
of  the  rational  faculties  throughout  all  the 
succeeding  periods  of  infinite  duration.  But 
we  may  rest  assured  that  the  Divine  Being 
is  absolutely  incomprehensible,  and  that  no 
created  intelligence  will  ever  be  able  to  sound 
the  depth  of  his  perfections,  or  to  trace  the 
full  extent  of  his  operations. 

3.  It  is  more  accordant  with  the  wisdom 
of  the  Deity  that  the  universe  should  be  in- 
habited by  intelligent  muids,  than  that  it 
should  remain  in  a  state  of  perpetual  desolation 
and  solitude. 

Could  it  be  proved  that  the  planets  of  the 
Bolar  system,  and  all  the  other  magnificent 
gfobes  which  are  dispersed  throughout  crea- 
tim,  are  only  rude  masses  of  matter,  without 
;ife  and  intelligence,  it  would  confound  all 
our  ideas  of  the  intelligence  of  the  Divine 
mind.  Wisdom  is  universally  acknowledged 
to  be  one  ofithe  eternal  and  essential  attributes 
of  the  Divinity.  But  how  could  the  glory 
of  this  attribute  be  traced  from  the  contem- 
plation of  a  mass  of  mere  inanimate  matter, 
however  vast  and  splendid  in  its  general  as- 
pect, when  no  end  or  ^design  of  its  creation  is 
perceived]  Where  shosild  we  be  enabled  to 
perceive  the  nice  adapfeitson  of  means  to  ends  1 


the  harmonious  operation  of  principles  an«l 
causes  producing  grand  and  beneficent  effects  1 
the  accomplishment  of  glorious  and  useful 
designs  by  admirable  arrangements'?  We 
could  only  behold  a  vast  and  stupendous  as- 
semblage ■  of  means  without  mi  end  ,•  or,  at 
least,  without  an  end  corresponding  to  their 
magnitude  and  gi-andeur.  We  should  behold 
merely  a  display  of  boundless  and  uncontrol" 
lahle  power  acting  at  random,  and  producing 
no  effect  which  could  excite  the  love  and  ad"= 
miration  of  holy  intelligences.  For  what 
could  they  behold  to  excite  such  emotions, 
although  they  were  permitted  to  make  the 
tour  of  the  universe  1  Scenes  of  emptiness 
and  desolation,  of  silence  and  solitude,  where 
no  sound  is  heard,  where  no  animated  being 
enhvens  the  boundless  prosf)ect,  where  no 
interchange  of  sentiment  or  affection  can  take 
place,  and  where  no  praises  from  adoring 
worshippers  ever  ascend  to  the  Ruler  of  the 
skies.  A  rational  being  traversing  scenes 
of  this  description  would  feci  as  little  enjoy- 
ment as  a  bewildered  traveller,  amidst  storms 
and  tempests,  wandering  over  a  vast  howling 
wilderness,  where  human  feet  had  never  trod, 
and  where  the  sweet  accents  of  the  human 
voice  are  never  heard  to  cheer  the  surround- 
ing solitude. 

But  when  we  view  the  magnificent  globes 
which  are  scattered  throughout  immensity  as 
replenished  with  numerous  orders  of  intelli- 
gent beings,  we  behold  an  eiid  worthy  of  the 
grandeur  of  the  means  which  have  been  em- 
ployed, worthy  of  the  omnipotent  power 
which  has  been  exerted,  and  corresponding 
to  ithe  perfections  of  him  who  is  "  the  only 
wise  God,"  who  is  "  wonderful  in  counsel, 
and  excellent  in  working."  We  behold  a 
display  of  Divine  wisdom  and  munificence 
which  is  calculated  to  arrest  the  attention  and 
draw  forth  the  admiration  of  all  rational  bc" 
ings,  and  to  excite  the  most  ardent  desires  of 
beholding  the  distant  scenes  of  the  universe 
more  completely  unfolded-— a  display  calcu- 
lated to  gratify  intelligences  of  the  highest 
order,  and  of  the  most  capacious  powers,  to 
excite  them  to  the  most  sublime  investigations, 
and  to  inspire  them  with  emotions  of  love, 
reverence,  and  adoration  of  Him  who  created 
all  worlds,  and  for  whose  pleasure  they  are 
and  were  created. 

4.  The  idea  of  the  universe  being  replen- 
ished with  sensitive  and  intellectual  existence 
is  accordant  with  every  rational  view  we  can 
take  of  the  goodness  or  benevolence  of  the 
Deity. 

The  goodness  of  God  is  that  attribute  of 
his  nature  by  which  he  delights  to  communis 
cate  happiness  to  all  the  ranks  of  his  sentient 
and  intelligent  ofi'spring.  Like  every  other 
attribute  of  the  Divine  mind,  it  is  strictly 
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boun<llcss   or   infinite,  coextensive  with  the 
'  eternal  greatness  of  that  mind,  and  commen- 
surate with  infinite  knowledge,  wisdom,  and 
omnipotence.     Tiie  benevolence  of  the  Deity 
may  be  said   to  constitute  his  whole  moral 
character,  and  to  reflect  a  radiance  on  all  his 
other  perfections.     To  his  love  of  happiness, 
as  it  now  exists  among  every  order  of  his 
creatures,  and  to  his  desire  of  producing  it  in 
all  his  future  arrangements,  no  possible  limits 
can  be  affixed.    Hence,  in  the  sacred  records, 
the  Divine  Being  is  summarily  described  by 
this  perfection  alone,  "  God  is  love^''     It  is 
not  merel)  asserted  that  God  is  benevolent, 
but  that  he  is  benevolence  itself.     Benevo- 
lence is  the  efc'sence  of  his  being  and  character 
• — a  summary  of  every  thing  that  can  render 
him  amiable  and  adorable  in  the  eyes  of  all 
his  intelligent  creatures.     This  benevolence 
is  permanent  and  immutable,  and  must  be 
for    ever    active    in    distributing    blessings 
wherever  percipient  beings  exist.     As  it  con- 
sists in  the  love  of  happiness,  and  the  desire 
of  communicating  it  wherever  there  is  scope 
for  its  exercise ;  as  it  is  the  boundless  energy 
of  the  infinite   Mind    in  unceasingly  doing 
good,  it  must  be  displayed,  in  a  greater  or 
less    degree,    wherever    matter    exists,    and 
wherever  wisdom  and  omnipotence  have  been 
exerted  throughout  the  universe.     We  know 
that  it  is  incessantly  displayed  throughout  all 
the  departments  of  our  terrestrial  system,  in 
the  ample  provision  made  for  the  wants  of 
every  species  of  animated  existence,  in  "  giv- 
ing" the  various  tribes  of  men  "rain  from 
heaven  and  fiuitful  seasons,  and  filling  their 
hearts  with  food  and  gladness;"  and,  in  a 
wonderful  diversity  of  modes,  distributing  en- 
joyment  among   percipient    beings.      It   is 
celebrated  in  the  highest  strains  by  the  in- 
spired writers  as  one  of  the  most  glorious 
and  distinguishing  characteristics  of  Jehovah. 
"  The  Lord  is  good  to  all ;  his  tender  mercies 
are  over  all  his  works."  "  He  is  merciful,  and 
gracious,  and  abundant  m  goodness."     "  His 
bounty  is  great  above  the  heavens,"  and  "he 
exercises    loving    kindness    throughout    the 
earth."  "  O  give  thanks  to  the  Lord,  for  he  is 
good,  for  his  mercy  endureth  for  ever." 

But  howev^er  great  and  inexhaustible  the 
source  of  happiness  in  the  Divine  mind,  the 
exercise  of  goodness  necessarili/  supposes  the 
existence  of  sensitive  or  rational  beings,  to- 
wards whom  benevolence  may  be  displayed. 
Where  no  such  beings  are  to  be  found,  this 
attribute  cannot  be  exercised  or  traced  in  its 
operation.  Mountains  and  plains,  rocks  of 
marble  and  diamonds,  or  valleys  adorned  with 
all  manner  of  precious  stones,  however  rich 
and  splendid,  cannot  feel  the  efiects  of  Divine 
beneficence.  If,  therefore,  the  numerous 
globes  throughout  the  universe  were  destitute 


of  inhabitants,  there  would  be  no  extensive 
display  of  this  essential  perfection  of  the  Di- 
vine nature ;  and  to  those  few  intelligences 
who  might  be  permitted  to  view  the  desolate 
wastes  of  the  universe,  or  to  receive  informa- 
tion respecting  them,  it  would  appear  as  if  the 
Divine  goodness  had  either  been  exhausted 
or  had  ceased  its  operations,  and  been  with- 
drawn from  the  scene  of  creation,  as  if  "  the 
Lord  had  forgotten  to  be  gracious,  and  in 
anger  shut  up  his  tender  mercies."  We  have 
reason,  however,  to  believe,  both  from  scripture 
and  li'om  reason,  that  it  is  the  great  end  of 
all  the  operations  of  Deity  that  a  theatre  may 
be  prepared,  on  which  the  emanations  of  his 
goodness  may  be  communicated  to  innumer- 
able orders  of  beings  throughout  his  vast 
creation.  There  is  no  other  conceivable  end 
for  which  the  fabric  of  universal  nature  was 
reared  than  that  it  should  serve  as  a  scene  of 
enjoyment  to  innumerable  beings  susceptible 
of  feeling  the  effects  of  the  Creator's  bounty, 
and  that  therein  they  might  behold  a  magnifi- 
cent display  of  the  grandeur  of  his  eternal 
attributes ;  but  if  by  far  the  greater  part  of 
creation  were  uninhabited,  such  an  endvvould 
be  frustrated.  liovvever  expansive  the  scene 
of  the  universe  may  be — however  numerous 
and  magnificent  the  worlds  and  systems  which 
exist  within  its  boundless  range,  the  glories 
of  Omnipotence  would  remain  for  evpr  veiled 
and  unknown,  except  to  a  small  race  of  beinga 
who  occupy  only  a  point  in  the  immensity 
of  space,  and  who  cannot  possibly  be  ac- 
quainted with  the  ten-thousandth  part  of  the 
scenes  which  lie  in  the  remoter  spaces  of 
creation. 

If,  therefore,  we  would  not  rob  the  Divinity 
of  the  most  distinguishing  attribute  of  his  na- 
ture, we  must  admit  that  wherever  creation 
extends,  his  goodness  and  beneficence  are 
displayed,  and,  consequently,  that  intelligent 
beings  of  various  orders  must  exist  throughout 
all  its  amplitudes.  Wherever  power  and  wis- 
dom are  displayed,  it  ought  to  be  considered 
as  a  necessary  consequence  that  there  also 
goodness  is  exercised,  as  the  one  is  subsidiary 
to  the  other,  and  stands  related  as  means  to 
an  end,  or  as  cause  to  effect.  It  would  be  a 
most  glaring  piece  of  inconsistency  to  -suppose 
that  the  Divine  benevolence  is  confin.?'J  to  one 
or  two  worlds  or  orders  of  beings,  when  mil- 
lions of  expansive  systems  diversify  the  fields 
of  immensity  ;  more  especially  when  we  con- 
sider that  the  goodness  of  the  Deity  is  of  so 
communicative  a  nature  that  all  the  interval 
between  a  polypus  and  a  man  is  filled  with 
thousands  of  species  of  animated  beings,  of 
every  conceivable  form,  and  structure,  and 
capacity,  in  order  that  happiness  of  every  de- 
gree may  be  diffused  among  every  possible 
order  of  sentient  existence.  Every  element 
(645) 
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of  nature,  every  department  of  our  terrestrial 
system,  forms  an  appropriate  abode  for  living 
beings.  The  air,  the  waters,  and  the  earth 
teem  with  animated  existence  of  every  size 
and  form,  and  in  such  vast  multitudes  as  to 
exceed  all  human  calculation ;  and  if  the  dis- 
plays of  Divine  goodness  be  thus  exuberant 
in  our  sublunary  world,  it  would  be  absurd  in 
the  highest  degree  to  suppose  for  a  moment 
that  the  millions  of  vast  globes,  which  roll  in 
the  distant  regions  of  creation  are  devoid  of 
inhabitants,  since  the  communication  of  happi- 
ness appears  to  be  one  great  end  of  all  the 
operations  of  infinite  wisdom  and  omnipotence. 
Thus  it  appears  that  the  doctrine  of  a 
plurality  of  worlds  is  not  only  accordant  with 
every  rational  view  we  ought  to  entertain  of 
the  eternity  and  immensity,  the  wisdom  and 
goodness,  of  the  Divine  Being,  but  that  the 
opposite  opinion  would  be  repugnant  to  every 
consistent  and  scriptural  view  we  can  take 
of  the  character  of  the  Supreme,  and  would 
obscure  the  glory  of  every  divine  perfection. 
This  view,  therefore,  of  the  universe,  consi- 
dered as  replenished  with  innumerable  intel- 
ligences, is  calculated  to  exhibit  a  more  glo- 
rious and  magnificent  idea  of  the  character 
and  operations  of  the  Deity  than  to  suppose 
his  benevolent  regards  confined  to  the  globe 
on  which  we  dwell.  Instead  of  having  only 
one  comparatively  small  world  and  race  of 
beings  under  his  sway,  we  here  contemplate 
him  as  the  supreme  ruler  of  ten  thousand  times 
ten  thousands  of  mighty  worlds,  and  conduct- 
ing them  all,  with  unerring  skill,  in  their  vast 
career.  We  behold  him  exercising  his  moral 
administration  over  a  vast  universe  of  minds, 
more  numerous  than  the  faculties  of  men  or 
of  angelic  beings  are  adequate  to  compute, 
supporting  and  directing  all  the  amazing 
powers  of  thought,  wisdom,  intelligence,  af- 
fection, and  moral  action,  throughout  every 
part  of  his  eternal  empire,  displaying  the 
depths  of  his  wisdom  and  inteUigence,  the 
rectitude  of  his  character,  and  the  grandeur 
of  his  omnipotence  to  countless  orders  of  in- 
tellectual existence,  presenting  before  them 
prospects  of  magnificence  and  grandeur  bound- 
less as  immensity,  distributing  among  them 
all  the  riches  of  his  beneficence,  and  inspiring 
them  with  the  hope  that  the  grandeur  of  his 
kingdom  and  the  glory  of  his  perfections  will 
continue  to  be  displayed  with  increasing 
splendour  throughout  all  the  periods  of  an 
endless  duration.  Such  a  Being  is  calculated 
*o  draw  forth  the  highest  degree  of  love  and 
admiration  from  all  his  intelligent  offspring,  to 
inspire  them  with  glowing  ardour  in  his  ser- 
vice, and  to  excite  them  to  incessant  adora- 
tion ;  whereas,  did  the  universe  consist  merely 
of  a  boundless  mass  of  matter  without  anima- 
lion,  thought,  or  intelligence,  a  veil  of  dark- 
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ness  and  myster}^  would  be  thrown  over  all 
the  perfections  and  purposes  of  the  Divinity, 
creation  would  appear  a  vast,  mysterious,  and 
inexplicable  system ;  and  no  hope  would  ever 
be  entertained  of  tracing  the  designs  for  which 
it  was  brought  into  existence. 

II.  Another  general  argument  for  the  plu- 
rality of  worlds,  and  for  an  extensive  popula- 
tion of  the  universe,  may  be  founded  on  the 
following  proposition, — that  wherever  any 
one  perfection  of  Deity  is  exerted,  there  also 
ALL  his  attributes  are  in  operation,  and  must 
be  displayed,  in  a  greater  or  less  degree,  to 
certain  orders  of  intelligences.  This  is  a  most 
important  consideration,  which  ought  to  be 
taken  into  account  in  all  our  views  of  the 
Divine  character,  and  in  all  our  investigations 
of  the  Divine  administration — a  consideration 
which  is  too  fi-equently  overlooked  in  the  views 
and  reasonings  both  of  philosophers  and  theo- 
logians. 

The  Divine  Being  is  one  undivided  es- 
sence ;  he  is  not  compounded  of  separable 
parts  or  qualities,  insulated  from  each  other. 
We  ought  not,  therefore,  to  conceive  of  his 
attributes  as  so  many  independent  powers  or 
properties,  any  one  of  which  may  be  exerted 
without  the  concun-ence  or  co-operation  of  the 
other.  From  the  limited  views  we  too  fre- 
quently take  of  the  Divinity,  and  from  the  im- 
perfection of  our  present  faculties,  we  are  apt 
to  fall  into  this  mistake ;  but  since  all  the  per- 
fections we  attribute  to  the  Eternal  Mind  are 
attributes  of  one  indivisible  and  uncom- 
pounded  Being,  we  ought  never  to  imagine 
that  power  in  any  instance  operates  without 
goodness,  ox  wisdom  without  rectitude,  or 
that  it  can  ever  happen  that  any  one  of  those 
perfections  can  be  displayed  without  the  har- 
monious operation  of  the  whole.  In  whatever 
regions  of  the  universe,  therefore,  God  is 
seen  to  operate  by  his  power,  we  may  rest 
assured  that  there  also  he  displays  himself  in 
the  plenitude  of  all  his  other  perfections ; 
that  intelligence,  wisdom,  benevolence,  vera- 
city, and  rectitude  follow  in  the  train  of  om- 
nipotence, displaying  in  undivided  lustre  and 
harmony  the  glories  of  his  character.  It  is 
Got),  invested  with  all  his  eternal  and  immu- 
table, his  natural  and  moral  attributes,  and 
not  any  single  perfection,  that  acts,  arranges^ 
and  governs  throughout  the  whole  amplitude 
of  creation  ;  and  as  such,  his  moral  grandeur, 
as  well  as  the  physical  effect  of  his  power, 
must  be  displayed  in  every  department  of  the 
material  universe.  From  the  influence  of 
habit,  and  in  consequence  of  the  limited  facul- 
ties of  our  nature,  we  are  accustomed  to  say, 
that  in  one  object  joo?i;er  is  displayed,  and  in 
another  that  wisdom  is  manifested ;  because, 
that  in  the  one  the  attribute  of  power  appears 
to  us  most  prominent,  and  in  the  other»  vvi&" 
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dora  is  more  strikingly  apparent.  A  lofty 
range  of  mountains,  rearing  their  summits 
above  the  clouds,  and  stretching  along  for 
several  hundreds  of  miles,  strikes  the  mind 
with  an  idea  of  "power  in  Him  who  formed 
them ;  but  the  fine  mechanism,  accomplishing 
certain  useful  purposes  in  the  body  of  an  emmet 
or  agiiat,  or  the  delicate  construction  of  the  eye 
of  a  dragon-fly,  arrests  our  attention  more  par- 
ticularly as  an  evidence  of  wisdom,  although 
in  each  of  these  cases  both  power  and  wisdom 
are  displayed.  In  no  act  or  operation  what- 
ever of  the  Divine  Being  can  it  be  said,  that 
in  that  act  he  is  only  wise,  or  only  powerful, 
or  oiily  benevolent;  for  in  every  operation, 
and  in  every  part  of  his  procedure,  he  acts  in 
the  pknitade  of  all  his  essential  attributes, 
although  the  full  display  of  all  his  perfections 
may  not,  in  every  instance,  be  open  to  our 
inspection. 

If,  then,  the  positions  now  stated  be  admit- 
ted, (and  I  see  not  how  they  can  be  called  in 
question,)  it  necessarily  follows  that  all  the 
vast  globes  dispersed  throughout  the  universe 
are  either  inhabited  or  contribute,  as  our  sun 
does,  to  the  comfort  and  enjoyment  of  perci- 
pient existence ;  for  if  wisdom  and  goodness 
uniformly  and  of  necessity  accompany  the 
agency  of  power,  and  if  these  attributes  can 
be  exercised  only  in  relation  to  sentient  or 
intelligent  beings,  such  beings  must  exist 
wherever  such  perfections  are  exercised.  To 
suppose  the  contrary  would  involve  a  palpable 
absurdity,  and  present  a  distorted  and  incon- 
sistent view  of  the  adorable  character  of 
Jehovah, 

In  our  survey  of  the  sidereal  heavens,  and 
the  remoter  provinces  of  the  Divine  empire, 
we  behold  little  more  than  an  overwhelming 
display  of  almighty  power.  Our  remoteness 
from  those  magnificent  scenes  prevents  us 
from  tracing  the  minute  contrivances  of  Di- 
vine Wisdom  in  relation  to  any  particular  sys- 
tem, or  the  displays  of  Divine  Beneficence 
towards  its  inhabitants.  But  our  incapacity 
in  perceiving  the  effects  of  wisdom  and  good- 
ness forms  no  arguments  against  the  actual 
exercise  of  these  perfections.  If  it  be  admit- 
ted that  infinite  wisdom  and  benevolence  are 
the  necessary  accompaniments  of  almighty 
power,  we  may  rest  assured  that  those  per- 
fections are  in  full  and  constant  exercise 
wherever  creating  power  has  been  exerted, 
although,  from  our  present  situation  in  the 
universe,  their  operation  be  concealed  from 
our  view.  In  every  instance  where  Omnipo- 
tence has  put  forth  its  energies,  it  may  be  con- 
sidered as  a  stage  or  theatre  on  which  the 
Divine  wisdom  and  benevolence  may  be  dis- 
played. .And  as  wisdom  and  goodness  can 
only  have  a  reference  to  percipient  and  intel- 
ligent beings,  wherever  those  perfections  are 


exercised,  such  beings  must  necessarily  b«5 
conceived  to  exist ;  otherwise,  we  in  effect 
destroy  the  simplicity  of  the  Divine  nature, 
we  divide  the  Divine  essence  into  so  many 
independent  attributes,  and  virtually  declare 
that  in  the  work  of  creation  the  Deity  does 
not  act  in  the  full  exercise  of  his  indivisible 
and  eternal  perfections. 

The  above  considerations,  if  duly  weigljcd 
and  understood,  appear  to  me  to  embody  an 
argument  for  the  doctrine  of  an  indefiiiit*i 
plurality  of  worlds  which  may  be  considered 
as  amounting  to  a  moral  demonstration. 

III.  There  is  an  absurdity  involved  in,  the. 
contrary  supposition — namely,  that  the  dis- 
tant regions  of  creation  are  devoid  of  inhabit* 
ants. 

1.  There  are  two  modes  of  reasoning 
which  have  been  employed  to  prove  the  truth 
of  a  proposition  :  the  direct  method,  by  bring- 
ing forward  arguments,  or  following  out  a 
train  of  reasoning  bearing  expressly  on  the 
position  to  be  supported  ;  or  the  indirect  me- 
thod, by  showing  the  absurdity  of  maintaining 
the  opposite  position.  Mathematicians  tenni 
this  latter  species  of  reasoning  the  reductio- 
ad  absurdum,  and  sometimes  employ  it  in- 
stead of  the  direct  method,  by  showing  that 
the  contrary  of  the  position  laid  down  is  im- 
possible, or  involves  an  absurdity;  and  this 
method  of  proof  is  considered  as  valid,  and  as& 
strictly  demonstrative  as  the  other ;  for  the 
opposite  of  truth  must  be  falsehood.  I^ 
therefore,  any  proposition,  whether  mathe- 
matical or  moral,  can  be  shown  to  involve  an 
absurdity,  or  to  be  inconsistent  with  a  well- 
known  and  acknowledged  truth,  or  directly 
contrary  to  it,  we  may  safely  conclude  thai 
such  a  proposition  must  he  false. 

To  feel  the  force  of  such  an  argument  in 
the  present  case,  let  us  suppose  for  a  moment 
that  the  planetary  and  stellar  orbs  are  desti- 
tute of  inhabitants.  What  would  be  the  con- 
sequences ]  All  those  vast  bodies  m'lsl  then 
be  considered  as  regions  of  eternal  silence, 
solitude,  and  desolation.  The  sun  illuminates 
the  surfaces  of  such  huge  globes  as  Jupiter 
and  Saturn,  but  there  are  no  visual  organs  to 
perceive  the  lustre  he  throws  around,  no  per- 
cipient beings  to  feel  the  influence  (^  his  heat 
and  other  benign  agencies.  Time  is  mea- 
sured with  exquisite  precision  by  days,  and 
months,  and  years,  but  all  to  no  purpose  ;  for 
no  rational  beings  enjoy  the  advantage  of  such 
measures  of  the  lapse  of  time,  and  the  Deity — 
to  whom  ''  one  day  is  as  a  thousand  yearsg 
and  a  thousand  years  as  one  day"— stands  in 
no  need  of  such  movements  to  mark  the  pe- 
riods of  duration.  Day  and  night,  spring  and- 
summer,  succeed  each  other,  but  they  have- 
no  relation  to  the  wants  or  enjoyments  ot" 
sensitive  or  intellectual  natures.  The  melody 
(647^ 
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of  tlie  groves,  the  bleating  of  flocks,  the  low- 
ing of  herds,  tiie  harmonious  accents  of  hu- 
man voices,  or  the  music  of  angehc  choirs, 
never  for  a  moment  disturb  the  profound  and 
awful  silence  which  for  ever  prevails ;  not  a 
single  murmur  meets  the  ear,  unless  howling 
winds,  amidst  dr(?ary  desarts  and  rugged 
rocks,  should  render  the  scene  still  more  hide- 
ous and  doleful.  Some  of  those  mighty  globes 
are  encircN^d  with  splendid  rings  and  a  reti- 
nue of  moons,  which  adorn  the  canopy  of  the 
sky,  and  present  a  scene  of  grandeur  far  more 
ciiversified  and  sublime  than  human  eyes 
have  yet  beheld,  but  no  intelligent  agents 
exist  in  those  regions  to  admire  and  enjoy 
the  wondrous  spectacle  and  to  adore  the  great 
Creator.  In  short,  all  is  one  wide  scene  of 
dreariness,  desolation,  horror,  and  silence, 
which  would  fill  a  spectator  from  this  world 
with  terror  and  dismay. 

Were  an  inhabitant  of  the  earth  to  be  trans- 
ported to  Jupiter  or  Saturn,  he  might  behold 
resplendent  scenes  in  the  canopy  of  the  firma- 
ment; but  how  great  would  be  his  disap- 
pointment to  find  nothing  but  boundless  de- 
sarts and  desolate  wastes,  without  one  sentient 
being  to  cheer  the  horrors  of  the  scene,  and 
not  a  rational  intelligence  to  communicate  a 
single  sentiment  or  to  join  him  in  the  con- 
templation of  the  objects  above  and  around 
him;  and  were  he  to  range  throughout  an 
indefinite  lapse  of  ages  from  one  globe  to 
another,  and  from  one  corner  of  the  universe 
to  another,  and  find  the  same  gloomy  soli- 
tudes and  desolations,  he  could  find  no  stim- 
ulus to  excite  him  to  admiration  or  rapture, 
-or  to  elevate  his  soul  in  adoration  of  the 
Creator.  Even  the  most  resplendent  scenes, 
adorned  with  all  the  riches  and  beauties  which 
the  most  lively  imagination  can  depict, — 
mountains  of  diamonds  and  plains  diversified 
with  all  the  beauties  of  the  vegetable  crea- 
tion,— €0uld  impart  no  real  pleasure  while 
unenlivened  with  the  principle  of  animation 
taiid  the  energies  of  mind.  What  a  gloomy 
and  horrible  picture  would  such  a  scene  pre- 
'Sent  of  tlie  frame  of  universal  nature,  and 
what  a  veil  of  darkness  and  mystery  would  it 
throw  ov<ir  the  perfections  of  the  Eternal ! 
for  it  is  the  scenes  connected  with  life,  anima- 
tion, meiUal  activity,  and  moral  sentiment, 
glowing  affection,  social  intercourse,  and  the 
snutual  sympathies  of  intellectual  beings,  that 
can  alone  inspire  the  soul  with  rapturous 
4imotions,  throw  a  charm  over  any  part  Of 
<rreation,  and  exhibit  the  Almighty  Creator  as 
amiable  and  adorable.  It  is  chiefly  from  the 
relation  in  which  the  material  world  stands 
Jo  sensitive  and  intellectual  existence  that  its 
hesanty  and  order  are  recognized  and  admired 
hy  contemplative  minds,  and  that  the  wisdom 
and  beneficence  of  the  Deity  are  traced  in  all 


their  minute  and  multifarious  bearings.  In 
our  world,  as  it  now  stands,  the  arrangement 
of  mountains  and  vales,  the  various  properties 
of  the  watery  element,  and  its  transmutation 
into  vapours,  clouds,  and  dew,  the  admirable 
mechanism  of  the  atmosphere,  the  fertility  of 
the  earth,  and  the  beautiful  colouring  which 
is  spread  over  the  face  of  nature, — which  are 
productive  of  so  many  beneficial  effects,  and 
so  evidently  display  the  wisdom  of  Deity,— 
would  all  appear  as  so  many  means  witliout 
an  end,  as  contrivarices  without  use,  if  the 
earth  were  destitute  of  inhabitants.  And  if 
all  the  other  departments  of  creation  were 
likewise  devoid  of  animation  and  intelligence, 
scarcely  a  trace  would  be  left  throughout 
boundless  space  of  the  wisdom  and  benevo- 
lence of  the  Eternal  Mind. 

2.  In  the  next  place,  such  a  position  as 
that  which  I  am  now  opposing  would  be  in- 
consistent with  that  principle  o^  variety  which 
appears  so  conspicuous  throughout  the  whole 
range  of  the  Divine  operations,  and  with  thai 
progressive  expansion  of  intellectual  views 
which  appears  necessary  to  the  perpetual  en- 
joyment of  immortal  beings. 

In  order  to  permanent  enjoyment  it  is  ne- 
cessary, from  the  very  constitution  of  the 
mind,  that  one  scene  of  happiness  should 
succeed  another, — ^that  the  soul  should  look 
forward  to  the  future,  to  something  new  or 
more  grand  and  expansive  that  it  has  yet  be- 
held or  enjoyed.  It  can  never  rest  in  pre« 
sent  objects  and  attainments,  but  is  always  on 
the  wing  for  something  higher  and  more  ex- 
quisite than  it  has  yet  grasped  or  enjoyedo 
What  is  the  reason,  in  iriost  cases,  why  im- 
prisonment produces  so  doleful  an  effect  upon 
the  mind,  but  because  its  views  and  its  actions 
are  confined  to  a  narrow  circle  ?  And  if  in 
such  a  situation  newspapers,  books,  paper, 
pens  and  ink,  be  withheld,  so  as  still  further 
to  circumscribe  the  mental  view,  its  want  of 
enjoyment  and  its  misery  are  still  more  in- 
creased. Why  would  a  literary  man  feel 
unhappiness  had  he  no  access  to  books,  jour- 
nals, and  the  periodicals  of  the  day,  nor  any 
other  means  of  information  respecting  passing 
events,  but  because  he  would  thus  be  confined 
to  his  present  range  of  view,  and  prevented 
from  enlarging  it]  And  why  should  the  man 
who  devours  the  periodical  joiirnal  to-day  feel 
as  craving  desires  to-morrow  to  peruse  similar 
records  of  intelligence,  to  mark  the  progress 
of  passing  events,  but  from  the  same  vehement 
desire  to  expand  his  j>resent  intellectual 
views  1  Were  such  desires  to  remain  ungra- 
tified,  and  the  prospect  of  further  information 
entirely  shut  up,  a  certain  degree  of  misery 
would  necessarily  be  felt  by  every  rational 
mind.  In  another  world,  something  simik\? 
would  happen  in  the  case  of  all  inteilectiial 
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1>e.Lig^,  wer-H  no  new  scenes  and  prospects 
ever  unfoidod  to  view. 

Divines  have  generally  admitted  that  the 
eternal  world,  in  the  case  of  the  righteous,, 
will  be  a  state  of  perpetual  and  uninterrupted 
enjoyment.  Such  enjoyment,  however,  could 
never  be  realized,  unless  new  scenes  and  ob- 
jects, worthy  of  the  admiration  of  exalted  in- 
lelligences,  were  progressively  displayed.  But 
the  contemplation  of  rude  masses  of  matter, 
however  vast  in  point  of  size  and  extent,  and 
however  magnificent  in  point  of  splendour, 
were  they  entirely  unconnected  wif.h  mind 
and  moral  action,  would  produce  no  high  de- 
gree of  enjoyment  to  beings  possessed  of 
capacious  powers  of  intellect;  for  in  such  ob- 
jects they  could  trace  no  evidences  of  skill  or 
design,  nor  would  they  perceive  any  over- 
flowings of  Divine  goodness  to  inspire  them 
with  gratitude  and  praise.  We  are  warranted 
from  Revelation  to  expect  that  in  the  future 
world  the  knowledge  of  good  men  will  be  in- 
definitely increased,  in  respect  to  their  more 
enlarged  conceptions  of  the  Divine  Being,  and 
of  his  works  and  ways ;  that,  among  other 
subjects,  they  shall  become  more  acquainted 
with  the  distant  regions  of  creation,  the  desti- 
nation of  those  great  globes  which  we  now 
behold  at  an  impassable  distance,  the  history 
of  their  inhabitants,  the  various  stages  of  im- 
piovemcrit  through  which  they  have  passed, 
the  most  remarkable  events  which  have  hap- 
pened among  them  since  their  creation,  the 
relations  which  the  ditferent  worlds  bear  to 
each  other,  the  various  orders  of  intellectual 
beings  and  their  distinctive  characteristics 
and  endowments,  with  many  other  particulars 
which  would  atford  an  ample  field  of  investi- 
gation and  contemplation  which  could  scarcely 
ever  be  exhausted,  and  a  source  of  progressive 
and  permanent  delight.  But  all  such  pros- 
pects of  knowledge  and  enjoyment  would  be 
for  ever  shut  out,  were  the  universe  a  collec- 
tion of  mere  matter  unconnected  with  mind 
or  intelligence,  and  the  distant  view  of  an 
immortal  existence  would  present  little  else 
than  a  scene  of  monotony  or  a  boundless 
blank. 

In  the  future  world,  although  the  circum- 
stances in  which  the  mind  will  exist  will  be 
different  irom  its  present  local  associations, 
yet  its  faculties,  desires,  and  affections,  will 
not  be  essentlalli/  changed.  It  will  continue 
the  same  identical  being,  only  transported  to 
another  region,  and  connected  with  other  ob- 
jects and  associations.  It  wdl  have  the  same 
or  similar  aspirations  after  happiness,  the  same 
desires  after  new  objects  and  discoveries,  and 
the  expansion  of  its  intellectual  views,  and 
the  same  delight  in  beholding  one  scene  of 
creating  grandeur  after  another  unfolding 
Itself  to  view,  as  it  feels,  in  a  certain  degree, 
82 


in  the  present  state.  Snch  desires  af  er  pro- 
gressive improvement  in  knowledge  and  hap- 
piness are  implanted  by  the  Creator,  and  form 
an  essential  part  of  the  constitution  of  the 
human  soul,  and  therefore  can  never  be  eradi- 
cated so  long  as  it  is  sustained  in  existence. 
But  it  is  evident,  from  what  has  been  already 
stated,  that  such  desires  could  never  be  grati- 
fied, and  that  its  expectations  of  higher  de- 
grees of  intellectual  expansion  and  enjoyment 
would  be  frustrated,  were  the  scene  of  Oiani- 
potence  nothing  more  than  an  indefinite  ex- 
tension of  matter  without  life  or  intelligence ;. 
for  in  such  a  case  there  would  be  little  scope 
for  the  exercise  and  expansion  oi  its  powers 
throughout  an  immortal  existence. 

3.  The  supposition  that  matter  throughout 
the  universe  is  not  connected  with  mind 
would  present  a  distorted  view  of  the  charac- 
ter of  the  Almighty,  and  throw  a  veil  over 
the  most  glorious  perfections  of  his  nature. 
It  would  virtually  deprive,  the  Creator  of  the 
attribute  of  wisdom  ,•  since  no  display  of  it 
would  be  perceived  in  the  most  magnificent 
works  of  his  hands.  It  would,  in  eitect,  rob 
him  of  his  goodness ;  since,  throughout  the 
mightiest  and  most  extensive  portion  of  his 
works,  no  enjoyment  is  communicated  to 
beings  endowed  with  either  sensitive  or  ra- 
tional natures,  which  are  alone  capable  of 
being  recipients  of  his  bounty  ;  consequently, 
no  tribute  of  gratitude  and  thanksgiving 
would  be  offered,  and  no  praises  or  adorations 
would  ascend  to  the  throne  of  the  "  King 
eternal,  immortal,  and  invisible,"  from  the 
greatest  portion  of  his  boundless  dominions. 
It  would  prevent  us  from  beholding  any  ex- 
tensive display  of  the  redltude  of  his  charac- 
ter and  the  equity  of  his  government  in  the 
moral  administration  of  the  universe.  Now, 
wisdom,  goodness,  and  rectitude,  can  only  be 
exercised  in  referencti  to  intelligent  natures, 
and  cannot  possibly  be  displayed  v/here  such 
beings  have  no  existence. 

The  denial  therefore  of  the  position,  that 
the  great  universe  is  peopled  with  inhabitants, 
would  lead  us  to  contemplate  a  Being  whose 
power  has  brought  into  existence  a  magnifi- 
cent assemblage  of  means  without  an  end ; 
who  has  prepared  glorious  habitations  fitted 
for  the  enjoyment  of  rational  natures,  but  has 
never  peopled  them ;  who  is  the  alone  source 
of  happiness,  and  yet  refuses  to  commuuicafe 
of  his  goodness  where  there  is  full  scope  for 
its  exercise ;  and  who  is  the  Supreme  Law- 
giver and  the  spring  cf  moral  order,  and  yet 
affords  no  display  of  his  mora)  attributes 
throughout  the  immensity  of  his  v/orks :  for 
this  earth,  and  all  the  behigs  that  have  ever 
been  connected  with  it,  are  but  as  a  drop  to 
the  ocean  compared  with  the  immensity  of 
the  material  universe.  Can  it  therefore  be  a 
3 1  C()4i)) 
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theatre  of  sufficient  expansion  for  the  display 
of  the  character  and  attrihutes  of  that  being 
who  has  existed  from  eternity  past,  and  will 
exist  to  eternity  to  come,  and  whose  presence 
fills  the  amplitudes  of  boundless  space  1 

If,  then,  such  absurd  consequences  neces- 
sarily follow  from  maiiltaining  the  position, 
that  ihere  is  no  plurality  of  worlds,  that  posi- 
tw?i  cannot  possibly  be  true.  It  undermines 
truths  of  the  first  importance,  which  lie  at  the 
foundation  of  all  consistent  views  of  the  cha- 
racter of  the  Deity,  and  which  are  acknow- 
ledged to  be  such  by  all  rational  theists  and 
Christian,  divines.  And,  since  what  is  di- 
rectly opposed  to  truth  must  be  error,  and 
vice  ve7'sa,  it  follows  that  the  doctrine  we  are 
supporting  must  be  considered  as  susceptible 
of  moral  demonstration  ;  for  it  may  be  laid 
down  as  an  axiom,  that  it  is  essential  to  the 
character  of  Deity  that  he  act  consistently  in 
all  parts  of  his  dominions,  that  he  display  in 
every  instance  all  his  perfections  in  harmony, 
and  that  wherever  his  omnipotence  has  been 
exerted,  there  likewise  lie  must  display  his 
wisdom,  benevolence,  and  rectitude.  What- 
ever opinion  therefore  directly  tends  to  under- 
mine or  oppose  such  views  of  the  Divine 
character  and  perfections  must  be  absolutely 
untenable,  and  the  opposite  opinion  must  be 
indisputably  true. 

In  my  work  on  "Celestial  Scenery"  I  en- 
tered on  the  consideration  of  several  argu- 
ments which  tend  to  prove  the  doctrine  of  a 
plurality  of  worlds,  and  that  the  planets  of 
the  solar  system  in  particular  are  the  ahodes 
of  intellectual  beings.  This  position  was 
illustrated  at  some  length  from  the  following 
considerations :  that  there  are  bodies  in  the 
planetary  system  of  such  magnitudes  as  to 
afford  ample  scope  for  myriads  of  inhabitants; 
that  there  is  a  general  similarity  among 
all  the  bodies  of  the  system,  which  affords  a 
presumptive  evidence  that  they  are  intended 
to  subserve  the  same  ultimate  designs ;  that, 
connected  with  the  planets,  there  are  certain 
special  arrangements  which  indicate  their 
adaptation  to  the  enjoyment  of  sensitive  and 
intellectual  beings ;  that  the  scenery  of  the 
heavens,  as  viewed  from  the  surfaces  of  the 
larger  planets  and  their  satellites^  forms  a 
presumptive  proof  of  the  same  position ;  and 
that  the  fact  that  every  part  of  nature  in  our 
world  is  destined  to  the  support  of  animated 
heiiigs,  affords  a,  powerful  argument  in  sup- 


port of  this  doctrine.  These  arguments  and 
considerations,  when  viewed  in  all  their  bear" 
*Jigs,  and  in  connexion  with  the  wisdom  and 
goodness  of  the  Divine  Being,  might  be  con- 
sidered, without  any  further  discussions,  as 
quite  sufficient  to  substantiate  the  position, 
that  the  planets  and  saicDites  of  our  system, 
as  well  as  other  departments  of  the  universe, 
are  the  abodes  of  sensitive  and  intelligent 
beings. 

In  the  preceding  pages  I  have  offered  a 
few  additional  considerations  bearing  on  the 
same  point,  which  I  trust  will .  tend  to  corro- 
borate the  arguments  and  reasoning  formerly 
adduced.  I  have  shown  that  the  doctrine  of 
a  plurality  of  worlds  is  more  worthy  of  the 
perfections  of  the  infinite  Creator,  and  gives 
us  a  more  magnificent  idea  of  his  character 
and  works,  than  to  suppose  his  benevolent 
regards  confined  to  our  comparatively  diminu- 
tive world ;  that  it  is  more  accordant  with  the 
infinity  and  eternity  of  the  Divine  Being,  and 
with  his  wisdom  and  benevolence  than  the 
opposite  position ;  that  wherever  any  one 
perfection  of  Deity  is  exerted,  there  also  all 
his  attributes  are  in  operation;  and  conse- 
quently, wherever  Omnipotence  is  seen  to 
operate,  there  hkevrise,  wisdom,  benevolence, 
rectitude,  and  every  other  Divine  perfection, 
must  be  displayed,  and  can  only  be  displayed 
in  reference  to  intelligent  beings ;  that  there 
is  an  absurdity  invoked  in  the  contrary 
supposition ;  that  this  supposition  would 
represent  the  universe  as  an  immense  dcsart, 
unworthy  of  the  contemplation  of  intelligent 
minds ;  that  it  would  prevent  the  progressive 
expansion  of  intellectual  views  in  a  future 
state,  and  present  a  distorted  view  of  the 
character  and  attributes  of  the  Almighty 
Creator.  All  these  arguments  and  considera- 
tions, when  viewed  in  a  proper  light,  tend  to 
yield  a  mutual  support  to  each  other,  they 
hang  together  in  perfect  harmony,  and  they 
are  in  full  consistency  with  the  most  amiable 
and  sublime  conceptions  we  can  form  of  the 
Divinit}^ ;  and  therefore  ought  to  carry  irresist- 
ible conviction  to  the  mind  of  every  unbiassed 
and  intelligent  inquirer.  To  my  own  mind, 
they  amount  to  a  moral  demonstration  ,•  so 
that  I  am  as  fully  convinced  of  the  truth  of 
the  position  we  have  been  maintaining,  as  if 
I  were  transported  to  the  regions  of  distant 
worlds,  and  permitted  to  mingle  in  associatif^n 
with  their  inhabitants. 


chapti:r  xvil 

A  Plurality  of  Worlds  proved  from  Divine  Revelation* 

It  ia  somewhat  difficult  to  persuade  the    habitable   worlds   besides   our    own,    or  thai 
greater  part  of  mankind  that  there  are  any    rational  beings,  somewhat  analogous  to  man, 
(650) 
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may  inliabit  the  planets  of  our  own  or  of 
other  systems.  Even  the  greater  part  of 
Christians,  and  some  wlio  are  possessed  of  a 
considerable  degree  of  intelUgence,  can 
scarcely  be  persuaded  that  there  are  more 
worlds  than  one,  or  that  the  Divine  govern- 
ment extends  beyond  the  Christian  church 
and  the  nations  of  the  earth ;  and  they  at- 
tf?mpt  to  vindicate  their  opinion  by  asserting, 
that  the  Scriptures  never  make  the  least  al- 
lusion to  any  world  except  that  in  which  we 
dwell.  Although  this  were  in  reality  the 
case,  it  would  form  no  argument  against  the 
doctrine  of  a  plurality  of  worlds ;  for  the  reve- 
lations contained  in  the  Scriptures  are  chiefly 
of  a  moral  nature,  their  great  object  being  to 
counteract  the  depravity  of  man,  and  to  afford 
information  respecting  the  plans,  and  perfec- 
tions, and  moral  government  of  the  Divine 
Being,  which  the  unassisted  light  of  nature 
was  unable  to  explore.  They  were  not  in- 
tended to  teach  us  the  principles  of  physical 
science,  or  the  particular  knowledge  of  any 
other  subject  which  the  human  faculties  were 
of  themselves  adequate  to  acquire  ;  but  to  di- 
rect us,  in  all  our  surveys  of  the  works  of 
God,  to  look  upward  to  him  as  the  Supreme 
Agent,  to  trace  his  attributes  in  all  his  opera- 
tions, and  to  offer  him  a  tribute  of  grateful 
adoration.  The  Scriptures,  therefore,  would 
be  fully  sufficient  to  answer  all  the  purposes 
of  a  revelation  to  man,  although  they  made 
no  allusion  to  other  worlds,  or  to  other  in- 
telligences within  the  range  of  the  Divine 
government. 

Since  the  system  of  nature,  the  system  of 
revelation,  and  the  rational  faculties  of  man, 
had  their  origin  from  the  same  Almighty  Be- 
ing, we  should  naturall}'^  expect  that  they 
should  perfectly  harmonize  in  their  grand 
lineaments,  and  in  the  truths  they  are  cal- 
culated respectively  to  unfold ;  or,  at  least, 
that  there  should  be  no  glaring  contradiction 
between  the  intimations  given  by  the  one  and 
by  the  other.  If  the  investigations  of  reason  in 
regard  to  the  material  universe  necessarily 
lead  to  the  conclusion  that  numerous  worlds 
exist  throughout  immensity,  and  if  the  Scrip- 
tures contain  a  communication  from  God,  we 
should  never  expect  to  fmd  in  that  revelation 
any  proposition  asserting  that  there  is  only 
one  world  and  one  race  of  intelligent  beings 
in  the  universe,  and  it  is  needless  to  say  that 
no  such  proposition  is  to  be  found  in  the 
Bible.  On  the  contrary,  though  the  Scriptures 
never  directly  or  explicitly  treat  of  this  sub- 
ject, the  doctrine  of  a  plurality  of  worlds  is 
embodied  in  many  passages  of  the  sacred 
writings  /  and  the  language  of  the  inspired 
penman  is  in  all  cases  perfectly  consistent 
with  the  idea  of  myriads  of  worlds  existing 
throughout  the  universe.     To  illustrate  this 


position,  in  a  few  instances,  is  the  obje-ct  of 
this  chapter ;  and  as  the  passages  of  Scripture 
in  which  this  sentiment  is  embodied  are 
more  numerous  than  is  generally  apprehended, 
I  shall  select  only  a  few  of  them  as  the  sud- 
ject  of  comment  and  illustration. 

The  first  passage  on  which  I  shall  offer  a 
few  remarks  is  Psalm  viii.  3,  4,  "  When  I 
consider  thy  heavens,  the  work  of  thy  fingers, 
the  moon  and  the  stars,  which  thou  hast  or- 
dained ;  what  is  man,  that  thou  art  mindful 
of  him !  or  the  son  of  man,  that  thou  visitest 
him  !" 

W^hen  composing  this  hymn  of  praise  to 
God,  the  Psalmist  evidently  appears  to  have 
been  contemplating,  with  intelligence  and 
pious  emotion,  the  glories  of  the  nocturnal 
sky — the  moon  walking  in  brightness  along 
the  canopy  of  heaven,  and  the  stars  and 
planets  diffusing  their  lustre  from  more  dis- 
tant regions.  Viewing  those  resplendent 
orbs,  his  thoughts  seem  to  have  taken  a  flight 
into  the  regions  of  immensity,  and  by  the 
guidance  of  his  rational  powers,  and  aided  by 
the  spirit  of  inspiration,  he  takes  an  expan- 
sive view  of  the  multitude,  the  magnitude, 
and  the  grandeur  of  those  magnificent  orbs 
which  roll  in  the  distant  tracks  of  creation. 
Overwhelmed  with  his  views  of  the  immensity 
of  the  universe,  and  of  the  perfections  and 
grandeur  of  its  Creator,  he  breaks  out  into 
this  striking  exclamation,  "  Lord  !  what  is 
man,  that  thou  art  mindful  of  him !  or  the 
son  of  man,  that  thou  visitest  him  !"  Survey- 
ing with  his  intellectual  e)'^e  the  boundless 
extent  of  God's  universal  empire,  he  shrinks, 
as  it  were,  into  nothing,  and  seems  almost 
afraid  lest  he  should  be  forgotten  or  over- 
looked amidst  the  immensity  of  beings  ovei 
which  the  Divine  government  extends.  Now 
there  could  be  no  emphasis  or  propriety  in 
this  exclamation,  if  the  inhabitants  of  this 
globe  were  the  only  rational  beings  that 
peopled  the  material  universe  ;  for,  if  man  is 
the  principal  inhabitant  of  creation,  it  could 
be  no  matter  of  wonder  and  astonishment 
that  God  should  be  "  mindful  of  him,"  and 
exercise  towards  him  a  special  regard  and 
superintending  care.  Such  a  minute  attention 
and  affectionate  regard  is  nothing  more  than 
what  we  should  have  naturally  expected. 
But,  if  the  immensity  of  space  be  diversified 
with  ten  thousand  times  ten  thousand  worlds, 
replenished  with  rational  inhabitants,  as 
science  and  right  reason  demonstrate  ;  if  the 
race  of  Adam  appear  no  more  in  proportion 
to  the  beings  that  people  the  amplitudes  oi 
creation  than  as  a  drop  to  the  ocean,  thet 
the  Divine  condescension  appears  truly  won 
derful  and  astonishing,  —  that,  from  tlv 
heights  of  his  glory  in  the  heavens,  the  Mos 
High  should  look  down  with  an  eye  of  com 
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placency  on  the  puny  inhabitants  of  earth, 
and  regard  them  with  a  Father's  attention 
and  care.  This  is  evidently  the  leading  idea 
which  the  pions  exclamation  of  the  Psahnist 
is  intended  to  convey  ;  and  therefore,  if  this 
globe  were  the  only  or  the  principal  abode 
of  rational  beings,  such  language  would  be 
mere  hyperbole,  or  something  approaching  to 
bombast,  which  would  be  inconsistent  with 
the  veracity  and  solemnity  of  an  inspired 
writer. 

It  appears,  then,  that  the  passage  under 
consideration  is  not  only  consistent  with  the 
doctrine  of  a  plurality  of  worlds,  but  neces- 
sarily embodies  in  it  the  idea  of  the  Divine 
empire  being  indefinitely  extended,  and  com- 
prising within  its  range  numerous  orders  of 
exalted  intelligences.  It  likewise  teaches  us, 
that  while  the  Almighty  has  diversified  the 
fields  of  immensity  with  innumerable  worlds ; 
that  while  he  sits  enthroned  on  the  magnifi- 
cence of  his  works  m  the  distant  regions  of 
his  creation,  and  governs  the  affairs  of  un- 
numbered orders  of  intellectual  existence,  he 
also  exercises  the  miniUest  superintendence 
over  every  world  he  has  created,  however  di- 
minutive in  comparison  of  the  whole.  His  eye 
rests  on  the  humblest  and  the  minutest  of  its 
objects,  and  his  Spirit  watches  over  it  as  vigi- 
lantly as  if  it  formed  the  sole  object  of  his  physi- 
cal and  moral  administration ;  so  that  neither 
man  nor  the  smallest  microscopic  animalculae 
are  overlooked  amidst  the  multifarious  objects 
of  the  Divine  government.  This  is  an  attri- 
bute peculiar  to  the  Most  High,  which  flows 
from  the  immensity  of  his  nature  and  the 
boundless  knowledge  he  has  of  all  his  works, 
and  which  gives  us  a  more  glorious  and  sub- 
lime idea  of  his  character  than  if  his  regards 
were  confined  to  one  department  of  his  em- 
pire, or  to  one  order  of  his  creatures ;  and  in 
nothing  is  the  Divine  Being  so  immensely 
separated  from  man,  or  from  any  other  rank 
of  intelligent  existence,  as  in  the  display  he 
gives  of  this  wonderful  and  incommunicable 
attribute.  By  overlooking  this  peculiar  cha- 
racteristic of  the  Divinity,  and  attempting  to 
compare  his  procedure  with  the  limited  con- 
ceptions of  our  own  minds,  we  are  apt  to  in- 
dulge in  very  contracted  and  erroneous  views 
respecting  his  nature  and  universal  govern- 
ment, as  well  as  in  regard  to  the  revelations 
of  his  word  and  the  dispensations  of  his 
providence. 

The  next  passage  I  shall  notice  is  Isaiah 
xL  15,  17.  "Behold,  the  nations  are  as  a 
drop  of  a  bucket,  and  are  counted  as  the 
small  dust  of  the  balance."  "All  nations 
before  Him  are  as  nothing,  and  they  are 
counted  to  him  less  than  nothing  and  vanity." 

In  the  chapter  from  which  these  words  are 
hken,  the  prophet  announces  deliverance  from 
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the  captivity  of  Babylon,  and  the  approach  of 
that  period  when  "  the  glory  of  Jehovah  shall 
be  revealed,  and  when  all  flesh  shall  see  it 
together." — In  order  to  obviate  every  difficulty 
that  might  seem  to  stand  in  the  way  of  the 
accomplishment  of  such  a  glorious  event,  the 
prophet  describes,  in  the  most  sublime 
language,  the  perfections  and  character  of 
him  by  whose  agency  this  astonishing  change 
in  the  world  was  to  be  introduced.  Ho  is 
declared  to  be  that  Almighty  Being  "  who 
measures  the  ocean  in  the  hollow  of  his  hand, 
who  meteth  out  the  heavens  with  the  span, 
who  comprehendeth  the  dust  of  the  earth  in 
a  measure,  and  weigheth  the  mountains  in 
scales,  and  the  hills  in  a  balance."  The  pro- 
phet likewise  denounces  the  folly  and  v>'icked- 
ness  of  idolatry,  by  exhibiting  the  character 
and  operations  of  him  whom  no  material 
images,  however  splejidid,  can  ever  represent 
or  adumbrate.  "He  sitteth  on  the  circle  of 
the  sky  which  surrounds  the  earth,  and  the 
inhabitants  thereof  are  as  grasshoppers;  he 
stretcheth  out  the  heavens  as  a  curtain ;  he 
bringeth  forth  their  host  by  number  ;  he  calleth 
them  all  by  their  names,  by  the  greatness  of 
his  might;  for  that  he  is  strong  hi  power, and 
there  is  no  searching  of  his  understanding." 
Among  these  sublime  descriptions  are  con- 
tained the  passages  I  have  quoted, — "  Behold, 
the  nations  are  as  the  drop  of  a  bucket." 
"  All  nations  before  him  are  as  nothing,"  &c. 
Such  declarations  could  scarcely  be  made 
with  propriety,  if  all  the  rolling  orbs  of  hea- 
ven were  destitute  of  inhabitants ;  for  then  it 
would  not  be  true  that  "  all  nations  are  as 
the  small  dust  of  the  balance,"  and  that  they 
are  "  counted  to  Jehovah  as  less  than  nothing 
and  vanity."  They  who  deny  the  doctrine 
of  a  plurality  of  worlds  assume  the  positionj 
"  that  man  holds  the  principal  station  in  the 
material  universe ;"  but  were  this  the  case, 
then  the  nations  of  the  earth,  and  "their 
multitude  and  glory,"  behoved  to  be  con- 
sidered as  the  greater  portion,  or  as  one  of 
the  greater  departments  of  the  Divine  em- 
pire ;  and  if  so,  it  would  be  approaching  to 
extravagance  and  bombast  for  any  one  to  de- 
clare that  they  are  only  like  a  drop  campared 
with  the  ocean,  like  a  few  particles  of  dust 
compared  with  a  mighty  island,  or,  in  com- 
parison with  other  departments,  that  "  they 
are  as  nothing,  and  less  than  nothmg  and 
vanity." 

We  are  here  to  consider  the  comparisons 
and  contrasts  drawn  in  those  passages  as  re- 
ferring, not  to  Jehovah,  abstractedly  con- 
sidered, but  to  the  manifestations  he  hag 
given  of  his  power,  wisdom,  and  grandeur,  in 
the  scenes  of  the  universe.  Hence  we  are 
directed  in  the  chap'-er  from  w^hich  our  quota-* 
tions  are  taken,  to  "  Hft  up  our  eyes  on  high,'^ 
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and  t 'on template  "  the  firmament  of  his 
power ;"  to  "  behold  the  hosts"  of  re- 
splendent globes  which  he  has  dispersed 
throughout  the  regions  of  space  "  by  the 
reatness  of  his  strength,"  and  to  consider 
that  the  vast  extent  of  the  celestial  spaces 
have  been  "  meted  out  with  a  span."  When 
the  inspired  writers  demand  from  their  hearers 
a  sentiment  of  reverence  and  admiration,  they 
do  not  present  to  them  metaphysical  reason- 
ings or  abstract  views  in  reference  to  the 
perfections  of  Jehovah,  but  describe  those 
exhibitions  of  his  powei  and  grandeur  which 
are  calculated  to  strike  the  senses  and  imagi- 
nation, and  to  excite  the  emotion  intended. 
Thus,  when  the  prophet  Jeremiah  wished  to 
impress  his  hearers  with  a  reverential  sense 
of  the  greatness  of  God,  he  describes  him  by 
the  effects  of  his  power  and  wisdom  as  dis- 
played in  his  operations.  "  Who  would  not 
fear  thee,  O  King  of  nations!  Ke  hath  made 
the  earth  by  his  power,  he  hath  established 
the  world  by  his  wisdom,  and  hath  stretched 
out  the  heavens  by  his  discretion.  When  he 
uttereth  his  voice,  there  is  a  noise  of  waters 
in  the  heavens,  and  he  causeth  the  vapours 
to  ascend  I'rorn  the  ends  of  the  earth;  he 
maketh  lightnings  with  rain,  and  bringeth  the 
wmd  out  of  his  treasures." 

In  like  manner,  in  the  passages  under  con- 
sideration, we  are  to  consider  the  contrast 
here  stated  as  drawn,  not  between  all  nations 
and  Jehovah  as  an  abstract  Being,  whose 
perfections  are  infinite ;  ibr  in  this  respect  no 
comparison  can  be  made,  but  as  drawn  be- 
tween this  earth  with  all  its  inhabitants,  and 
the  innumerable  globes  which  are  scattered 
throughout  the  regions  of  immensity.  And 
the  most  enlightened  astronomer,  after  his 
boldest  excursions  into  the  illimitable  tracks 
of  creation,  could  devise  no  language  to  ex- 
press his  emotions,  and  the  contrast  that  sub- 
sists between  this  globe  and  the  immensity 
of  the  heavens,  more  appropriate  and  ener- 
getic than  the  passage  before  us.  This  world, 
with  *'  all  ihat  it  inherits,"  is  here  represented 
as  a  single  drop  of  water  to  the  mighty  ocean, 
or  as  a  few  particles  of  dust  to  the  most  spa- 
cious continents,  when  compared  with  the 
gTandeur  and  immensity  of  nature ;  yea,  to 
complete  the  contrast,  it  is  *'  counted  as  no- 
thing, and  less  than  nothing  and  vanity." 
When  we  survey  the  vast  globes  which  com- 
pose the  planetary  system  ;  when  we  wing 
our  flight  in  imagination  to  the  starry  regions, 
and  leave  the  sun  and  all  his  attendants  be- 
hind us,  till  they  dwindle  to  an  undistinguish- 
able  point;  when  we  prosecute  our  course 
through  thousands  of  nebulae,  every  one  of 
them  containing  unnumbered  suns  and  sys- 
tems; and  when  the  mind  is  bewildered  and 
overpowered  at  the  immensity  of  the  prospect, 


we  cannot  but  perceive  that  the  language  of 
the  prophet  is  the  most  impressive,  and  the 
fittest  that  could  have  been  selected ;  that  it  is 
most  emphatic,  and  hteraily  true.  But  if  this 
earth  were  the  principal  part  of  God's  uni- 
verse, there  could  be  no  propriety  in  such 
language,  and  it  could  be  considered  as  allied 
only  to  extravagance  and  pompous  deciama 
tion — a  characteristic  which  ought  never  tt 
be  applied  to  the  writers  of  the  sacred  records 

We  ought  likewise  to  consider  that  the 
contrast  is  not  stated  between  the  earth  con- 
sidered merely  as  a  material  system,  and  the 
amplitudes  of  the  firmament,  but  between  the 
nations  of  the  earth  and  the  innumeraMe 
order  of  beings  which  people  the  universo 
plainly  implying,  in  my  apprehension,  that 
unnumbered  myriads  of  intelligences  occupy 
the  celestial  worlds,  in  comparison  of  which 
ail  who  now  dwell  upon  the  earth,  or  who 
have  occupied  its  surface  since  time  began, 
are  only  as  a  drop  to  the  ocean.  The  passage 
before  us  may  therefore  be  considered  as 
almost  a  direct  intimation  of  a  plurality  of 
worlds;  and,  if  it  could  be  proved  that  no 
other  worlds  existed,  I  should  scarcely  consider 
the  strong  language  here  Uised  as  the  dictate 
of  inspiration ;  but  when  we  consider  what 
appear  to  be  the  true  references  of  the  -pro- 
phet's language,  and  the  magnificent  ideas  it 
suggests,  it  conveys  the  most  glorious  and 
sublime  conceptions  of  the  grandeur  of  "  the 
high  and  lofty  One  who  inhabiteth  eternity," 
and  whose  presence  fills  the  immensity  of 
creation. 

The  next  jMissage  I  shall  adduce  in  sup- 
port of  the  position  under  consideration,  is 
Nehemiah,  ix.  6 :  "  1'hou,  even  thou,  art 
Lord  alone;  thou  hast  made  heaven,  the 
HEAVEN  OF  FiEAVENs,  wlth  all  tlicir  host,  the 
earth,  and  all  things  that  are  therein,  the  seas, 
and  all  that  is  therein,  and  thou  preservest 
them  all ;  and  the  host  of  heaven  worship- 
peth  thee." 

Here  the  Most  High  is  represented,  not  by 
a  metaphysical  exhibition  of  his  infinity,  eter- 
nity, and  omnipotence,  abstractedly  considered, 
but  by  the  manifestations  he  has  made  of 
himself  in  his  wonderful  operations,  both  in 
heaven  and  on  earth ;  and  this  is  the  general, 
I  may  say  universal,  mode  in  which  the 
sacred  writers  exhibit  the  character  and  per- 
fections of  the  Deity.  ''  Thou  hast  made 
heaven,  the  heaven  of  heavens,  with  all  their 
hosts."  By  "  heaven"  is  here  to  be  under- 
stood the  visible  firmament,  with  all  the  stars 
and  planets  perceptible  by  the  human  eye, 
which  is  the  sense  in  which  the  term  heaven 
is  generally  taken  when  God  is  represented 
as  its  Creator.  The  "  heaven  of  heavens"  w 
an  expression  which  is  worthy  of  particular 
attention,  and  evidently  includes  in  it  an  idea 
3  1 2  (653) 
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far  more  extensive  and  sublime  than  what 
most  readers  generally  attach  to  it.  It  evi- 
dently intimates  that,  far  beyond  the  visible 
starry  heavens  w^hich  we  behold,  there  are 
unnumbered  firmaments,  composed  of  other 
stars  and  systems  stretching  out  towards  in- 
finity on  either  hand,  and  which  mortals  in 
their  present  state  will  never  be  able  to  de- 
scry. We  have  already  attained  some  glimpses 
of  such  firmaments.  More  than  a  hundred 
millions  of  stars,  in  addition  to  those  distin- 
guishable by  the  naked  eye,  are  within  the 
reach  of  the  telescope,  if  all  the  regions  of  the 
sky  were  by  this  instrument  thoroughly  ex- 
plored. We  behold  several  hundreds,  and 
even  thousands,  of  nebulas  in  different  spaces 
of  the  heavens,  each  of  them  consisting  of 
thousands  of  stars,  which  would  form  a  firma- 
ment as  glorious  and  expansive  as  that  which 
appears  to  a  common  observer  in  the  midnight 
sky ;  so,  that  were  we  removed  from  one  of 
those  nebulae  to  another,  we  should  behold  at 
every  stage  a  new  firmament,  composed  of 
stars  or  other  luminaries  altogether  different 
from  what  we  had  seen  before,  or  from  what 
we  perceive  in  the  firmament  which  is  visible 
from  our  globe.  These  facts,  which  have 
been  brought  to  light  by  the  discoveries  of 
modern  astronomy,  while  they  display  the  in- 
finite power  and  grandeur  of  the  Divinity, 
serve  likewise  to  illustrate  many  of  the  decla- 
rations of  his  word,  and  particulary  such  ex- 
pressions as  that  before  us,- — "the  heaven  of 
heavens,"  the  boundless  empire  of  the  "  King 
eternal  and  invisible,"  in  which  he  reigns 
over  unnumbered  intelligences.  The  same 
emphatical  expression  is  used  in  the  prayer 
of  Solomon  at  the  dedication  of  the  temple : 
"  But  will  God  in  very  deed  dwell  on  earth  1 
Behold,  the  heaven  and  heaven  of  heavens 
cannot  contain  thee !"  implying  that  far  be- 
yond the  range  of  the  material  universe,  vast 
and  extensive  as  it  is,  the  great  Jehovah  re- 
sides in  the  glory  of  his  invisible  attributes, 
filling  immensity  with  his  presence. 

By  "  the  host  of  heaven^'  is  doubtless  to  be 
understood  the  inhabitants  of  those  numerous 
worlds  and  vast  regions  here  designated  by 
the  most  emphatic  expression  which  could  be 
selected, "  the  heaven  of  heavens ;"  intimating 
that  the  same  Almighty  Being  who  launched 
into  existence  those  mnumerable  globes  also 
replenished  them  with  countless  orders  of  in- 
telligent existence,  capable  of  enjoying  liis 
bounty,  and  offering  to  him  a  tribute  of  adora- 
tion. Hence  it  is  here  declared,  "  the  host  of 
heaven  worshippeth  thee ;"  evidently  imply- 
ing, if  there  is  any  rational  idea  to  be  elicited 
from  the  passage,  that  the  bodies  which  com- 
pose "  the  heaven  of  heavens"  are  occupied 
with  inhabitants ;  that  these  inhabitants  are 
endowed  with  capacious  powers  of  intellect ; 
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that  their  numbers  correspond  %vith  the  am* 
plitude  of  the  regions  which  they  occupy? 
that  most,  if  not  all  of  them,  are  invested  with 
the  attribute  of  moral  perfection,  and  are  con- 
sequently in  a  state  of  happiness ;  that  they 
employ  their  faculties  in  contemplating  the 
perfections  and  operations  of  their  Creator; 
and  that  they  magnify  and  adore  him  in  the 
loftiest  strains,  as  the  centre  and  source  of  all 
their  felicit}^ :  all  which  appears  to  be  implied 
in  the  passage,  "  the  host  of  heaven  worship- 
peth thee."  For  no  being  can  with  propriety 
be  said  to  worship  Jehovah,  unless  such  as 
are  endowed  with  moral  and  intellectual 
powers,  capable  of  appreciating  his  perfections, 
as  displayed  in  the  universe,  and  of  perceiving 
that  he  is  worthy  of  all  homage  and  adoration. 
In  accordance  with  such  views  the  Psalmist, 
when  his  soul  was  inspired  with  the  higher 
strains  of  devotion,  in  a  sublime  apostrophe, 
calls  upon  the  whole  intelligent  universe  to 
adore  the  name  of  Jehovah : — "  Praise  ye 
Jehovah  from  the  heavens;  praise  him  ye 
heaven  of  heavens,"-— or,  ye  inhahitants  of 
those  higher  regions, — "  praise  him,  all  ye  his 
angels;  praise  him,  all  ye  his  hosts.  Let 
them  praise  the  name  of  the  Lord,  for  his 
name  alone  is  exalted,  and  his  glory  is  above 
the  earth  and  heaven."  If  therefore  there 
were  no  other  worlds  than  that  on  which  we 
dwell,  such  magnificent  expressions  would 
lose  all  their  sublimity,  would  be  almost  with- 
out meaning,  and  might  be  regarded  rather  as 
the  turgid  exclamations  oi  an  enthusiast  than 
as  the  sober  dictates  of  inspiration.  But  when 
we  take  into  view  the  immensity  of  the  uni- 
verse, and  the  numerous  worlds  and  beings  it 
contains,  such  expressions,  though  among  the 
strongest  which  human  language  can  furnish, 
fall  far  short  of  communicating  the  lofty  ideas 
they  are  intended  to  represent. 

Such  passages  as  the  following  may  Hke= 
wise  be  considered  as  embodying  views  of  the 
same  description: — Psalm  ciii.  19, — "The 
Lord  hath  prepared  his  thhone  in  the  hea- 
vens; and  his  kingdom  ruleth  over  all." 

This,  along  with  a  number  of  similar  pas- 
sages interspersed  throughout  the  Scriptures, 
evidently  implies  that  the  heavens  form  the 
principal  part  of  the  Divine  empire,  compared 
with  which,  this  earth  is  but  as  a  point,  and 
"  all  its  inhabitants  reputed  as  nothing." 
They  are  represented  as  the  chief  and  appro- 
priate residence  of  Jehovah,  where  he  displays 
the  glory  of  his  perfections  to  unnumbereti 
intelligences.  Hence  he  is  declared  to  have 
"  established  his  throne  in  the  heavens,"  in- 
timating, that  it  is  in  those  higher  and  more 
expansive  regions  that  the  principal  arrange 
ments  of  his  government  have  been  made, 
that  the  beneficence  and  rectitm'e  of  his  cha* 
racter  are  manifested,  and  tb^*t,  tlie  graiideur 
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of  his  moial  administration  is  most  extensively 
displayed.  But  it  is  evident,  that  where 
there  are  no  intellectual  beings,  there  can  be 
no  moral  government ;  and  therefore,  if  the 
Almighty  has  a  government  in  the  heavens, 
these  heavens  must  be  peopled  with  beings 
endowed  with  moral  and  intellectual  faculties, 
capable  of  being  the  subjects  of  a  moral  ad- 
ministration. To  suppose  a  government 
without  subjects,  is  evidently  preposterous 
and  absurd.  It  is  added,  "His  kingdom 
ruleth  over  all."  Wherever  these  expansive 
heavens  extend,  and  however  numerous  and 
august  the  worlds  and  systems  which  lie 
within  their  range,  they  are  all  under  the 
tsuperintendence  and  sway  of  the  Divine  go- 
verrnnent,  which  extends  its  care  and  moral 
energies  over  the  remotest  regions  of  the  uni- 
verse. But  as  there  can  be  no  kingdom  with- 
out rational  and  moral  subjects,  therefore, 
wherever  the  kingdom  of  Jehovah  extends 
throughout  the  illimitable  spaces  of  immen- 
sity, there  must  be  myriads  of  beings  en- 
dowed with  rational  and  moral  natures.  Simi- 
lar remarks  might  be  made  upon  such  decla- 
rations as  the  following : — ■"  The  Lord,  he  is 
God  in  the  heaven  above,"  intimating  his 
rule  or  dominion  over  the  worlds  on  high : 
"  Behold  the  heaven  and  the  heaven  of  hea- 
vens is  the  Lord  thy  God's,"  intimating,  like- 
wise, that  he  presides  in  high  authority  over 
all  the  beings  they  contain ;  "  Thine,  O  Lord, 
is  the  greatness,  and  the  glory,  and  the  ma- 
jesty ;  for  all  in  heaven  and  in  earth  is  thine. 
Thine  is  the  kingdom,  O  Lord,  and  thou  art 
exalted  above  all ;"  "  Heaven  is  my  throne  and 
the  earth  is  my  footstool ;"  "  His  kingdom  is 
an  everlasting  kingdom;"  "His  dominion  is 
an  everlasting  dominion ;"  and  "  He  doth  ac- 
cording to  his  will  in  the  army  of  heaven^ 
and  among  the  inhabitants  of  the  earth."  All 
these,  and  similar  passages,  imply  rule  and 
dominion  over  the  inhabitants  of  the  hea- 
vens; and  consequently  intimate  that  the 
celestial  worlds  are  occupied  by  the  subjects 
of  the  divine  government.  It  is  not  impro- 
bable that  the  expression  which  so  frequently 
,  occurs  in  scripture,  "  The  Lord  of  hosts, ^^  or 
the  Lord  of  armies,  has  a  particular  reference 
to  the  universal  dominion  of  Jehovah  over 
tho  countless  myriads  which  people  the  dis- 
tant regions  of  creation. 

Psalm  cxlv.  9 :  "  The  Lord  is  good  to  all ; 
and  his  tender  mercies  are  oi)er  all  his 
works, '^ 

The  goodness  of  God,  in  innumerable 
modes  and  instances,  is  displayed,  not  only 
towards  man,  but  to  all  the  diversified  orders 
of  animated  existence  in  this  lower  world. 
But  it  is  not  confined  to  this  terrestrial  sphere, 
but  is  diffused  wherever  his  wisdom  and  om- 
aipot«nce  have  prepared  habitations  for  sen- 


sitive and  intellectual  beings.  Hence  it  ie 
here  declared,  that  "  his  tender  mercies,"  or 
the  emanations  of  his  goodness  and  benefi- 
cence, "  are  diffused  over  all  his  works  ,•" 
implying  that  throughout  the  whole  range  of 
the  material  system,  however  far  it  may  ex- 
tend, the  beneficence  of  the  Deity  is  display- 
ed to  numerous  ranks  of  his  sensitive  and 
inteliigent  offspring;  for  unless  such  beings 
exist  throughout  all  places  of  his  vast  domi- 
nions, there  could  be  no  scope  for  the  exer- 
cise of  his  benevolence,  and  of  course  it  could 
not  be  said,  with  propriety,  to  extend  "  over 
all  his  works."  In  the  same  ponit  of  view 
we  may  consider  an  analogous  expression  in 
Psalm  cviii.  and  other  places  of  Scripture, — 
"  Thy  mercy  is  great  above  the  heavens ;"  or, 
as  Mr.  Locke  translates  it,  "  Great  is  thy 
BOUNTY  above  /Ae  Aea?;e7is /"  an  expression 
which  leads  us  to  conclude,  that  far  beyond 
these  visible  heavens  which  the  unassisted 
eye  beholds,  and  even  beyond  the  reach  of 
ail  the  orbs  which  the  telescope  has  enabled 
us  to  descry,  the  Divine  goodness  shines  in 
rich  manifestations,  diffusing  felicity  and 
ecstatic  joy  among  unnumbered  legions  of 
happy  existence*  for  "  bounty,"  or  "good- 
ness," can  have  a  relation  only  to  such  beings. 

In  the  following  passage  of  Psalm  cxiv.  10 
—13,  it  is  declared,  "All  thy  works  shall 
praise  thee,  O  Lord,  and  thy  saints  shall  bless 
thee.  They  shall  speak  of  the  glory  of  thy 
kingdom,  and  talk  of  thy  power ;  to  make 
known  to  the  sons  of  men  his  mighty  acts, 
and  the  glorious  majesty  of  his  kingdom.  Thy 
kingdom  is  an  everlasting  kingdom,"  &c. 

This  passage  may  be  considered  as  embody- 
ing a  prediction  that  in  the  future  ages  of  ths 
church  men  of  piety  will  acquire  more  elevated 
and  comprehensive  views  of  the  extent  and 
the  grandeur  of  the  universal  kingdom  of  Je- 
hovah, and  will  display  a  more  enlightened 
zeal  than  in  ages  past,  in  exhibiting  to  theii 
fellow-men  the  august  operations  of  Omnipo- 
tence, and  the  magnificence  of  that  empire 
over  which  the  Most  High  presides.  "  They 
shall  speak  of  the  glory  of  Jehovah's  kingdom, 
and  talk  of  his  power. '^  If  this  kingdom  were 
chiefly  confined  to  the  evanescent  speck  of 
earth  on  which  we  live,  it  would  scarcely  be 
worthy  of  the  epithets  which  are  here  be- 
stowed upon  it.  It  is  a  kingdom  of  glory  • 
it  is  a  kingdom  in  which  are  displayed  mighty 
acts  or  operations  ;  it  is  a  kingdom  of  glorious 
majesty  ;  it  is  a  kingdom  in  which  are  dis« 
played  "  power,"  and  ^^  greatness  which  is 
unsearchable  /"  it  is  a  "kingdom  of  all  ages," 
and  its  administration  will  be  carried  forward 
throughout  all  the  revolutions  of  eternity — "  thy 
kingdom  is  an  everlasting  kingdom."  Were  '\U 
government  conducted  chiefly  in  reference  lo 
earth  and  its  inhabitants,  such  descriptions  of 


Hosted  by  Google 


132 


SIDEREAL  HEAVENS. 


its  grandeu?  could  scarcely  be  expected  from  in- 
spired writers,  nor  would  such  a  limited  king- 
dom correspond  to  the  majesty  of  an  infinite 
omnipotent,  and  eternal  Being,  who  has  the 
range  of  immensity  as  the  theatre  of  his  ope- 
rations. But  when  we  contemplate  the  uni- 
versal kingdom  of  Jehovah  extending  through- 
out the  unlimited  regions  of  space  ;  when  we 
behold  it  filled  with  worlds  of  immense  mag- 
nitude, and  with  systems  of  worlds  in  such  a 
multitude  and  variety  that  no  man  can  num- 
ber them,  we  perceive  at  once  that  such  a 
kingdom  waiTants  the  application  of  such 
lofty  epithets  and  expressions  as  are  here 
used;  that  it  is  indeed  a  kingdom  displaying 
omnipotent  "  power,"  and  "  greatness  un- 
searchable ;"  that  it  is  connected  with  "  mighty 
operations ;"  that  it  is  invested  with  "  glorious 
majesty  ;"  and  that  it  is  worthy  of  everlasting 
duration.  But  as  the  idea  of  a  kingdom  ne- 
cessarily includes  subjects,  and  as  the  multi- 
tude of  subjects  constitute  the  chief  glory  of 
an  empire,  so  we  nmst  necessarily  admit  that 
all  the  provinces  of  this  celestial  kingdom  are 
replenished  with  inhabitants,  or  in  other 
wor(}s,  subjecfs  of  the  Divine  government ; 
without  which  it  could  have  no  "  glory"  nor 
"  majesty,"  nor  could  it  with  propriety  be  en- 
titled to  the  designation  of  "  a  kingdom." 

Such  passages  as  the  following  may  like- 
wise be  considered  as  con'oborating  the  pre- 
ceding positions ;  Psalm  cxiii.  4 — 6,  "  Who 
is  like  unto  the  Lord  our  God,  who  dwelleth 
on  liigh  1  The  Lord  is  high  above  all  nations, 
and  his  glory  above  the  heavens.  He  hum- 
bleth  himself  to  behold  the  things  that  are  in 
heaven  and  in  the  earth."  "  Thy  goodness 
is  great  above  the  heavens,  and  thy  truth 
reacheth  to  the  skies.  Thou  art  exalted,  O 
God,  above  the  heuvens,^^  &c. 

These  passages,  and  others  of  a  similar  im- 
port, embody  the  general  idea  that  the  omni- 
potence and  grandeur  of  the  Divinity  are  dis- 
played in  regions  far  beyond  that  firmament 
which  is  visible  from  our  globe  by  common 
observers,  yea,  beyond  the  utmost  limits  to 
which  telescopic  discoveries  have  conducted 
us;  for  "his  glory  is  above,^^  or  beyond, 
"  these  heavens."  And  if  nothing  but  empty 
space  existed  beyond  these  limits,  or  mere 
matter  without  mind,  it  could  scarcely  be  said 
that  the  Divine  glory  is  displayed  beyond 
these  heavens.  It  is  further  stated  that  the 
glory  of  the  Almighty  is  so  expansive,  and 
that  his  universal  kingdom  extends  through 
regions  so  immeasurably  distant  that  he  may 
be  said,  speaking  after  the  manner  of  men, 
"  to  humble  himself  when  he  beholds  the  ob- 
jects in  the  heavens^'  which  lie  within  our 
observation.  This  declaration  contains  not 
only  a  sublime  representation  of  the  magnifi- 
cence of  the  Divine  nature  and  operations, 
(6o6) 


but  appears  to  me  to  embody  in  it  a  demon 
stration  of  what  we  formerly  asserted  as  highly 
probable— namely,  that  that  portion  of  the 
universe  which  lies  within  the  range  of  tele- 
scopic vision,  and  which  contains  so  many 
millions  of  splendid  suns  and  systems,  is  but 
a  small  part,  of  the  universal  kingdom  of  Je- 
hovah, compared  with  what  lies  beyond  the 
utmost  boundaries  of  human  vision ;  for  he  is 
here  represented  as  humbling  himself  when 
he  looks  down  from  the  remoter  glories  of  his 
empire  on  all  that  is  visible  to  the  view  of 
mortals.  To  the  same  purpose  is  the  pio^is 
exclamation  of  the  Psalmist  in  the  8th  Psalm  : 
"  0  I^-rd,  our  Lord,  how  excellent  is  thy  name 
in  all  the  earth !  who  hast  set  thy  glory  above 
the  heavens .'"  And  if  the  glory  of  the  Di- 
vinity, be  manifested  in  regions  far  beyond  the 
visible  firmament,  we  may  rest  assured  that 
it  consists  in  displaying  his  perfections,  and 
communicating  happiness  to  innumerable  or- 
ders of  rational  beings,  who  are  the  subjects 
of  his  moral  government. 

I  shall  only  further  olfer  a  few  cursory  re« 
marks  on  the  following  passages  : — Psalm 
xix.  1,  "The  heavens  declare  the  glory  of 
God,"  &c.  The  word  ^^/(jr^/ in  this  and  simi- 
lar passages,  when  applied  to  the  Divinity  de- 
notes the  display  of  his  wisdom,  goodnesSj 
omnipotence,  and  other  attributes.  The 
heavens,  with  all  the  host  of  rolling  orbs  which 
they  contain,  are  here  declared  to  manifest  the 
"glory,"  or  the  infinite  perfections,  of  Him 
who  formed  them.  The  number  and  magni= 
tude  of  the  opaque  and  luminous  globes  con- 
tained within  the  vast  expansion  of  these 
heavens,  and  their  astonishingly  rapid  motions^ 
evidently  proclaim  his  omnipotence ;  but  if 
those  bodies  accomplished  no  end  correspond- 
ing to  the  extent  and  grandeur  of  tlie  means 
employed ;  if  they  were  ail  so  many  expan- 
sive desarts,  without  any  relation  to  intellect 
tual  existence,  they  could  afibrd  no  evidences 
of  wisdom  and  beneficence,  and  consequently 
could  not  be  said,  with  any  show  of  reason, 
to  "  declare  the  glory  of  God."  In  the  visions 
recorded  in  the  Book  of  Revelation,  the  celes- 
tial inhabitants  are  represented  as  tailing  down 
before  the  throne  of  the  Eternal  in  acts  of  ado- 
ration, and  proclaiming,  "  Thou  art  worthy, 
O  Lord,  to  receive  glory,  and  honour,  and 
power ;  for  thou  hast  created  all  things." 
And  in  another  scene  they  are  introduced  as 
celebrating  with  rapture  the  Divine  ope- 
rations: "Great  and  marvellous  are  thy 
works,  Lord  God  Almighty."  "Blessing,  and 
glory,  and  wisdom,  and  thanksgiving,  and 
honour,  and  power,  be  unto  our  God  for  ever 
and  ever."  Similar  remarks  to  the  above 
might  be  made  in  reference  to  these  ascription? 
of  praise  and  adoration.  If  creation  were  & 
kind  of  chaos,  or  wilderness  void  of  inbabil^ 
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uts,  and  if  wisdom,  design,  and  goodness 
were  not  displayed  in  the  Divine  arrangements, 
there  would  be  little  to  excite  the  admiration 
and  devotional  rapture  of  superior  intelli- 
gences ;  and  they  could  not  be  said  with  pro- 
priety to  ascribe  wisdom,  and  glory,  and 
thanksgiving  to  God,  while  they  beheld  no 
display  of  some  of  these  attributes  in  the 
mightiest  of  his  works.  But  we  are  told  in 
various  passages  of  Scripture  that  the  Most 
High  "established  the  world,"  or  the  uni- 
verse, "  by  his  wisdom,  and  stretched  out  the 
heavens  by  his  understanding."  In  Psalm 
cxlvii.  4,  it  is  declared — "  He  telleth  the  num- 
ber of  the  stars ;  he  calleth  them  all  by  their 
names."  It  is  evident  that  we  are  not  to 
consider  this  declaration  as  expressive  merely 
of  an  arithmetical  idea,  or  something  similar 
to  the  practice  of  an  astronomer,  wlio  distin- 
guishes the  stars  by  certain  letters,  characters 
or  appellations ;  but  as  expressive  of  the  inti- 
mate knowledge  which  the  Almighty  has  of 
all  those  mighty  orbs  wherever  dispersed 
throughout  the  regions  of  infinitude,  and  like- 
wise his  perfect  acquaintance  with  all  the  in- 
tellectual beings,  and  the  special  arrangements 
connected  with  every  one  of  them — a  circum- 
stance which  conveys  a  most  sublime  idea  of 
the  omniscience  and  omnipresence  of  the 
Deity.  Hence,  in  the  words  immediately 
following,  the  mind  of  the  Psalmist,  overpow- 
ered with  this  idea,  bursts  forth  in  this  excla- 
mation, "  great  is  our  Jehovah,  and  of  great 
power  ;  his  understanding  is  infinite." 

In  the  epistle  to  the  Hebrews,  chapter  i.  2, 
and  xi.  3,  a  plurality  of  worlds  is  declared: 
"  Through  faith  we  understand  that  the  worlds 
were  framed  by  the  word  of  God,  and  that  the 
ihings  which  are  seen  were  not  made  of 
things  that  do  appear."  The  Greek  word, 
Ojioiv  in  this  passage,  is  sometimes  used  to  de- 
note an  age  or  dispensation,  but  is  also  fre- 
quently used  to  designate  the  material  world  ; 
in  which  sense  it  must  be  taken  in  the  pas- 
sage before  us,  as  is  evident  from  its  con- 
nexion, and  from  the  subject  on  which  the 
apostle  is  treating.  It  is  to  the  visible  or  ma- 
terial world  that  our  attention  is  here  directed 
as  having  been  produced  from  an  invisible 
cause.  The  term  aimai  being  used  in  the 
plural  number,  evidently  intimates  that  there 
are  more  worlds  than  one,  and  that  there  may 
be  thousands  or  millions ;  but,  independently 
of  this  direct  intimation  of  a  plurality  of  worlds, 
the  passages  formerly  quoted,  when  viewed 
in  a  proper  light,  and  considered  in  all  their 
references  and  bearings  may  be  considered  as 
conclusive  proofs  of  the  same  position,  and  as 
intimating  to  us,  not  simply  a  plurality  of 
worlds,  but  extending  our  views  of  their  num- 
ber and  magnificence  as  far  as  science  has  yet 
ccmducted  us,  and  even  beyond  the  range  of 
83 


astronomical  discovery ;  for  we  are  told  that 
the  Divine  perfections  are  displayed  "  above," 
or  beyond,  the  utmost  range  of  "  the  visible 
heavens." 

Many  other  passages  besides  the  a])0Vi 
might  have  been  pointed  out  as  bearing  on 
the  same  subject,  but  the  remarks  already 
made  on  the  passages  which  have  been 
selected  may  serve  as  a  key  to  illustrate  many 
others,  as  they  happen  to  occur  to  the  intelli- 
gent student  of  the  Scriptures.  We  read, 
for  example,  of  the  Almighty  "  operating,  by 
his  moral  government  and  arrangements," 
"  among  the  army,"  or  armies,  "of  heaven," 
as  well  as  "  among  the  inhabitants  of  the 
earth ;"  and  that  the  whole  population  of  our 
world  "is  reputed  as  nothing  in  his  sight." 
We  find  in  different  portions  of  the  Psalms, 
the  inhabitants  of  the  heavens,  and  "  the 
heaven  of  heavens" — the  "  angels  who  excel 
in  strength"- — "  all  his  hosts,"  or  legions,  of  in- 
telligences, "  in  all  places  of  his  dominions, 
who  do  his  pleasure,  hearkening  to  the  voice 
of  his  word," — ^we  find  all  these  ranks  of  be- 
ings called  upon  to  join  in  one  united  chorus 
of  praise  and  thanksgiving  to  "Him  whose 
name  alone  is  exalted,  and  whose  glory  is 
above  the  earth  and  heaven."  We  read  in 
the  Book  of  Job,  among  many  other  descrip- 
tions of  the  grandeur  of  the  Deity,  that  "  by 
his  Spirit  he  garnished  the  heavens;"  and 
that  the  astonishing  displays  of  his  omnipo- 
tence they  contain  "  are  but  parts  of  his 
ways,"  and  that  "  the  thunder  of  his  power 
none  can  understand."  All  of  which  repre- 
sentations, and  many  others,  may  be  consi- 
dered as  embodying  the  idea,  not  only  of  n 
plurality,  but  of  myriads  of  worlds  existing  in 
the  universe. 

There  is  one  general  remark  which  may 
be  applied  to  all  that  we  have  stated  in  this 
chapter,  and  that  is — It  is  not  necessary  to 
suppose  that  the  inspired  writers  had  re* 
vealed  to  them  all  the  wonders  of  modem 
astronomy.  They  appear,  in  some  instances, 
to  have  been  ignorant  of  the  precise  meaning 
and  the  extensive  references  of  the  language 
they  used.  The  prophets  are  said  to  have 
"  inquired  and  searched  diligently  what  man- 
ner of  time  the  spirit  of  Christ  which  was  in 
them  did  signify,  when  it  testified  beforehand 
the  sufiferings  of  Christ  and  the  glory  that 
should  follow;"  intimating  that  they  were 
partly  unacquainted  with  the  precise  refer- 
ences of  the  predictions  they  uttered.  They 
were  only  the  amanuenses  of  the  Divine 
Spirit,  and  were  directed  to  such  language  as 
was  accordant  with  the  Divine  economy  and 
with  the  facts  existing  in  the  imiverse,  al- 
though they  themselves  might  not  be  aware 
of  the  grandeur  of  those  objects  to  which  their 
expressions  referred ;  and  the  correapondencje 
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of  then  language  with  the  phenomena  of  the    modem  times,  constitutes  one  evidence 
heavens  and  the  earth,  and  the  discoveries  of    others  of  the  truth  of  Divine  revektion 


CHAPTER  XVIIL 

On  the  Physical  and  Moral  State  of  the  Beings  that  may  inhabit  other  Worlds. 


Oj^  the  enunciation  of  this  topic,  some 
readers  wrill,  probably,  be  apt  to  surmise,  that 
the  author  is  attempting  to  go  beyond  the 
jange  of  subjects  v^^ithin  which  the  human 
understanding  should  be  confined.  We  have 
never  seen  the  inhabitants  of  other  worlds ; 
we  have  been  favoured  with  no  special  reve- 
lations respecting  them;  we  have  not  even 
caught  a  glimpse  of  the  peculiar  scenery  of 
the  globes  in  which  they  reside,  excepting  a 
few  portions  of  their  celestial  phenomena; 
and  while  we  are  chained  down  by  the  law 
of  gravitation  to  this  sublunary  sphere,  we 
cannot  fly  on  the  wings  of  a  seraph  to  visit 
any  of  the  distant  orbs  of  the  firmament.  It 
is  true,  that  on  such  a  subject  we  cannot 
attempt  to  descend  into  particulars.  But 
4here  are  certain  general  and  admitted  prin- 
ciples on  which  we  may  reason,  and  there 
are  certain  phenomena  and  indications  of  de- 
sign exhibited  in  the  structure  of  the  universe 
fi-om  which  certain  general  conclusions  may 
be  deduced ;  beyond  such  generalities  I  do 
not  intend  to  proceed,  nor  to  indulge  in  vague 
conjecture.  There  are  many  things  of  which 
we  have  acquired  a  certain  degree  of  know- 
ledge, and  yet  have  never  seen.  We  do  not 
see  the  air  we  breathe,  nor  most  of  the  gaseous 
fluids ;  we  do  not  see  the  principle  of  life,  or 
the  rational  spirit  which  animates  our  bodies ; 
we  cannot  possibly  see  the  Divine  Being,  al- 
though his  presence  pervades  all  space.  But, 
in  regard  to  all  these  objects,  we  have  ac- 
quired a  certain  degree  of  information ;  and 
therefore,  although  we  have  never  seen  any 
of  the  inhabitaiits  of  other  planets,  and  never 
will  so  long  as  we  remain  in  our  present 
abode,  yet  we  may  form  some  general  con- 
ceptions respecting  them,  both  as  to  their 
physical  and  moral  state.  All  that  I  propose 
on  this  point  may  be  comprehended  under  the 
following  general  remarks  ; 

1.  The  planets,  wherever  they  exist,  in 
our  own  or  in  other  systems,  are  inhabited  by 
sentient  beings.  The  formation  of  material 
fabrics,  su^h  as  all  the  planetary  bodies  are, 
necessarily  indicate  that  beings  connected 
with  material  vehicles  and  organs  of  sensa- 
tion were  intended  to  inhabit  them.  The 
arrangements  for  the  diffusion  of  light,  heat, 
and  the  influence  of  the  power  of  attraction, 
and  other  material  agencies,  evidently  show 
tkat  mich  agents  were  intended  to  act  on  be- 


ings  formed  with  organical  parts  and  functions, 
capable  of  being  the  recipients  of  impressions 
from  them.  All  such  beings,  therefore,  must 
be  considered  as  furnished  with  bodies  con« 
stmcted  with  organical  parts  analogous  to 
what  we  find  in  man  or  other  animated  be- 
ings on  our  globe ;  but  the  size  and  form  of 
such  bodies,  the  parts  of  which  they  are  com- 
posed, the  functions  they  respectively  performj 
their  symmetry  and  decoration,  and  their 
powers  of  locomotion,  may  be  very  different 
from  those  which  obtain  in  our  sublunary 
world ;  and  it  is  not  unlikely,  from  a  con-  ^ 
sideration  of  the  variety  which  exists  in  the 
universe,  that  there  is  a  certain  difference,  m 
these  and  other  respects,  in  every  planet  and 
world  that  exists  throughout  immensity. 

3.  The  principal  inhabitants  of  the  planets 
and  other  worlds  are  not  merely  sensitive 
beings,  but  are  likewise  endowed  with  m- 
tellectual  faculties.  This  may  be  inferred 
from  the  sceneiy  connected  with  their  habita- 
tions. Connected  with  the  planet  Jupiter, 
we  behold  four  splendid  moons,  larger  than 
ours,  performing  their  revolutions  around  it 
in  regular  periods  of  time,  without  the  least 
deviation  from  their  courses.  The  general 
aspect  of  these  moons,  their  diversified  phases 
and  rapid  changes,  along  with  their  frequent 
eclipses,  must  produce  a  sublime  and  varie- 
gated appearance  in  the  nocturnal  sky  oi  that 
planet;  while,  from  the  surface  of  the  moons 
themselves,  the  still  more  splendid  appearance 
of  Jupiter  and  the  phases  of  the  other  moons 
will  present  a  nocturnal  scene  of  peculiar 
sublimity  and  magnificence.  Connected  with 
the  planet  Saturn,  we  find  scenes  still  more 
august  and  diversified;  besides  seven  large 
moons,  two  resplendent  rings  of  vast  extent 
surround  tlie  body  of  this  planet,  producing 
the  most  sublime  and  diversified  phenomena, 
both  to  the  planet  itself  and  to  all  its  satellites, 
adorning  the  firmaments  of  those  bodies  with 
a  splendour  and  magnificence  of  which  we 
can  form  but  a  faint  conception.*  Were  we 
permitted  minutely  to  inspect  the  surfaces  of 
these  planets,  we  should  doubtless  find  many 
beautiful  arrangements  in  the  scenery  of 
nature  with  which  they  are  adorned,  probably 
far   surpassing    in    picturesque  variety   and 

*  For  a  particular  descriptioTi  of  thes-'enes  here 
alluded  to,  the  reader  is  referred  to  "  Celestiaj 
Scenery,  chap.  viii. 
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grandeur  what  appears  on  the  surface  of  our 
globe.  When  we  inspect  the  surface  of  the 
jnoon  through  a  good  telescope,  we  behold  a 
beautiful  diversity  of  extensive  plains,  of  lofty 
mountains,  in  every  variety  of  size  and  form— - 
of  phms  and  valleys  surrounded  with  circular 
ramparts  of  hills — of  mountains  towering  far 
above,  and  vales  and  caverns  sinking  far"  be- 
low the  general  level  of  the  lunar  surface, 
with  many  other  varieties ;  and  we  have  only 
to  suppose  the  general  surface  of  that  orb 
adorned  with  vegetable  productions  somewhat 
analogous  to  those  of  our  globe,  in  order  to 
present  a  sense  of  picturesque  beauty  and 
magnificence. 

Now,  it  appears  a  natural,  if  not  a  necessary 
conclusion,    that   such   grand   and   beautiful 
scenes  co^ald  only  be  intended  for  the  con- 
ternplatioii  and  enjoyment  of  beings  endowed 
with  rational  natures,  since  mere  sentient  be- 
ings, such  as  the  lower  animals  in  our  world, 
are  insensible  either  to  the  beauties  of  the 
vegetable  kingdom  or  the  glories  of  the  span- 
gled  firmament.      If    our   globe    had    been 
created  merely  for  the  support  of  such  beings, 
It  IS  not  probable  that  it  would   have  been 
adorned  with  all  the  beautiful  arrangements 
which  now  exist,  and  the,  splendid  and  di- 
versified scenes  with  which  it  is  furnished. 
The  lion,  the  tiger,  and  the  hyena  find  every 
accommodation   they  desire  in  dens,  desarts, 
thickets,  aud  forests ;  and  they  appear  to  feel 
no  pecuHar  enjoyment  in  flowery  fields,  ex- 
pansive lakes,   beautiful    landscapes,  or   the 
sublimities  of  a  starry  firmament.     If,  then, 
there  were  no  rational  intelligences  in  the 
planetary  worlds,  we  cannot  suppose  that  so 
many  grand  and  magnificent  arrangements  as 
we  find   existing  would    have   been   made; 
particularly,  we  cannot  suppose  that  the  mo- 
tions of  the  planets  and  their  satellites  would 
have  been  so  accurately  adjusted  as  to  per- 
form their  revolutions  with  so  much  precision 
as  we  find  they  do.     The  regularity  and  pre- 
cision of  these  motions  are  evidently  intended 
to  serve  as  accurate  measures  of  time  or  dura- 
tion,— a  circumstance  which  must  always  be 
a  matter  of  importance   to   rational    beings 
wherever   existing,  but  which  seems   to   be 
scarcely  attended  to,  and  perhaps  not  in  the 
least  appreciated,  by  merely  sentient  beings, 
such  as  the  lower  orders  of  animated  nature 
which  exist  around  us. 

From  what  has  been  now  stated,  we  may 
conclude  that  the  inhabitants  of  the  planets 
are  not  purely  spiritual  beings;  for  pure 
spirits,  entirely  divested  of  material  vehicles, 
cannot  be  supposed  to  have  a  permanent  con- 
nexion with  any  material  world  or  system  ; 
nor  could  they  be  supposed  to  be  aflfected  by 
air,  liglit,  colours,  attraction,  or  other  material 
influences,  which  operate  on  the  surfaces  of 


all  the  planetary  bodies.   If  pure  intelligences, 
disconnected  with  matter,  exist  in  the  uni- 
verse, they  must  be  conceived  to  have  a  more 
expansive  range  than  the  limits  of  any  one 
globe,   and   those   material    agencies   which 
affect  the  organs  of  sensitive  existence  cannot 
be  supposed  to  operate  upon  them  r  and,  con- 
sequently, their  modes  of  perception  must  be 
altogether  different  from  those  of  organized 
intelligences.     We  may   therefore  with  cer- 
tainty conclude  that  the  intelligent    beings 
connected  with  the  planetary  worlds,  either 
of  our  own  or  of  other  systems,  are  furnished 
with   bodies,  or  corporeal  vehicles   of  some 
kind  or  other.     These  may  differ  in  size  and 
form  in  different  planets ;  perhaps  their  size 
may  depend  on  the  amplitude  of  space  which 
the  different   planets  may  contain.      But  I 
cannot  acquiesce  in  a  supposition  lately  thrown 
out  by  a  certain  reviewer,   "that    in  some 
worlds  the  inhabitants  may  be   as  large  as 
mountains,  and  in  others,  as  small  as  emmets." 
In  the  one  case,  comparatively  few  inhabitants 
could  live  in  a  world  where  every  one  was  a 
walking  Mount  Blanc  or  Mount  Etna;  and 
it   would     be   contrary    to   all    the    known 
arrangements  of  the  Creator ;  who  appears  to 
act   on  the  principle  of  compressing  into  a 
small   space  the  greatest  degree  of  sensitive 
and  intellectual  enjoyment.     Besides,  such  a 
huge  mass  of  matter  as  a  mountain  is  not 
only  unnecessary,  but  in  all  probability  would 
be  highly  injurious  to  the  exercise  of  the  in- 
tellectual faculties.     In  the  other  case,  were 
rational  beings  as  small  as  emmets,  they  could 
neither  contemplate   the   beauties  and    sub- 
limities of  the  scene  of  nature  around  them, 
nor  the  glories  of  the  starry  firmament ;  their 
range  of  vision  could  extend  only  a  few  feet 
or  yards  around  them,  and  they  never  could 
be  able   to  explore  the  nature,  extent,  and 
peculiarities   of  scenery  of   the  world    they 
inhabited.      So  that    all    such   suppositions 
are  evidently  extravagant  and  absurd,  being 
directly  contrary  to  the  proportion  and  har- 
mony which  exist  in  the  universe,  and  which 
characterize    all    the    arrangements    of   the 
Creator.     In  regard  to  the  powers  of  locomo- 
tion, there  may  be  considerable  differences  in 
different  worlds.     In  many  instances  there  is 
reason  to  believe  their  inhabitants  are  enabled 
to  transport  themselves  from  one  region  to 
another  with   a  velocity  far  surpassing  the 
locomotive   powers  of  man.     In  the   planet 
Venus  some  of  the  mountains  are  reckoned 
to  be  twenty-two  miles  in  perpendicular  eleva- 
tion, fi-om  the  top  of  which  eminences    the 
most  sublime  and  diversified  prospects  must 
be  enjoyed;  and  in  order  that  its  inhabitants 
may  be  enabled   to  ascend  with  ease  such 
lofty  elevations,  it  ii5  not  unreasonable  to  be- 
lieve that  they  are  endowed  with  powers  of 
(659) 
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motion  far  superior  to  tho^e  of  the  inhabitants 
of  our  globe. 

3.  The  inhabitants  of  the  planets  are  fur- 
nished with  organs  of  sensation,  particularly 
with  the  organ  of  vision.  This  may  be  certain- 
ly deduced  from  the  fact,  that  there  are  con- 
nected with  the  planets  arrangements  for  the 
equable  distribution  of  light.  The  sun,  the 
source  of  illumination,  is  placed  in  the  centre 
of  the  system  for  dillusing  light  in  certain  pro- 
portions over  the  surfaces  of  all  the  planets, 
their  satellites,  and  their  rings.  Each  plane- 
tary body  revolves  round  its  axis,  in  order  that 
every  part  of  its  surface  may  alternately  enjoy 
the  benefit  of  the  solar  radiation.  Around 
the  larger  planets  are  moons  for  the  distribu- 
tion of  light  in  the  absence  of  the  sun;  and 
one  of  them  is  invested  with  a  double  ring, 
which  reflects  the  solar  rays  during  the  night 
both  on  the  surface  of  the  planet  itself  and  on 
the  surfaces  of  its  moons.  This  diversified 
apparatus  for  the  diffusion  of  light  evidently 
appears  to  be  an  arrangement  of  means  in 
order  to  the  accomplishment  of  an  important 
e^id;  for  it  would  be  a  reflection  on  the  cha- 
racter of  the  All-wise  Contriver  to  suppose 
that  means  have  been  arranged  where  no  ap- 
propriate end  is  intended  to  be  accomplished ; 
but  all  the  arrangements  for  the  regular  and 
equable  diffusion  of  light  have  been  made  in 
vain,  if  there  be  no  eyes  or  organs  of  vision 
on  which  light  may  act ;  for  mountains,  and 
vales,  and  barren  desarts  do  not  require  its 
regular  influence.  That  there  are  beings  fur^ 
nished  with  visual  organs  throughout  all  the 
worlds  and  systems  of  matter  in  the  universe 
appears  from  the  consideration,  that  not  only 
in  our  own  system,  but  among  the  myriads 
of  fixed  stars  dispersed  throughout  immensity, 
provision  is  made  for  such  organs  in  the  ex- 
istence of  light,  which  is  a  substance  that  ap- 
pears to  be  universally  diffused  throughout 
creation.  It  is  found  by  experiment,  that  the 
light  which  radiates  from  the  most  distant 
star  is  of  the  same  nature  as  that  which  ema- 
nates from  the  sun.  It  is  refracted  and  re- 
flected by  the  same  laws,  and  consists  of  the 
same  colours,  as  that  which  illuminates  the 
bodies  which  compose  the  solar  system,  and 
which  throws  a  lustre  on  the  objects  imme- 
diately around  us.  The  mediums  of  vision 
must  therefore  be  acted  upon  by  light,  in  the 
most  distant  regions  of  creation,  in  nearly  the 
same  manner  as  with  us,  although  there  may 
be  numerous  varieties  and  modifications  of 
the  visual  organs,  so  as  to  render  vision  far 
more  perfect  and  extensive  than  in  the  case 
of  the  inhabitants  of  our  globe.  We  find 
that  there  is  an  immense  variety  in  the  modes 
of  vision  among  the  lower  animals.  Some  of 
the  smaller  insects  have  their  eyes  nearly  of 
a  globular  form  and  very  small,  so  that  they 
(660) 


can  see  only  a  few  inches  around  them ;  whil® 
the  eyes  of  other  animals,  such  as  the  eagle, 
are  so  constructed  that  they  can  perceive  theii 
prey  at  a  great  distance,  and  from  a  very  ele- 
vated position.  {Some  animals  have  only  one 
or  two  visual  organs  or  eye-balls,  as  man, 
birds,  and  quadrupeds ;  others  have  eight,  as 
in  the  case  of  spiders:  and  others  have  seve- 
ral hundreds,  and  even  thousands,  of  trans- 
parent globules,  each  of  which  is  capable  of 
forming  a  distinct  image  of  any  object,  as  is 
the  case  with  flies,  buttei-flies,  and  other  in- 
sects. All  these  diversified  constructions  of 
the  organs  of  vision,  however,  perform  theij 
functions  according  to  the  same  invariable 
laws  of  optics. 

But  although  light  must  act  on  the  eyes 
of  all  organized  beings  in  a  manner  somewhat 
similar,  or  at  least  analogous  to  what  it  does 
on  our  organs,  yet  there  may  be  certain  con- 
figurations of  the  organ  of  vision  by  which  a 
more  glorious  and  extensive  effect  is  produced 
than  by  the  human  eye.  The  inhabitants  of 
some  other  worlds,  instead  oi  being  confined 
in  their  range  of  vision  as  we  are,  may  be  able 
to  penetrate  through  space  to  an  indefinite 
extent,  and  to  perceive  with  distinctness  all 
the  prominent  objects  connected  with  neigh- 
bouring worlds ;  and  even  the  peculiarities  of 
distant  suns  and  systems  may  be  within  the 
range  of  their  view.  The  difference  between 
the  eye  of  an  insect,  which  sees  only  an  inch 
or  two  around  it,  and  the  eye  of  a  man,  which 
can  grasp  at  once  an  extensive  landscape,  is 
perhaps  as  great  as  the  difference  between  the 
vigour  and  extent  of  human  eyes  and  such 
organs  of  vision  as  I  have  now  supposed.  And 
who  shall  set  boundaries  to  the  mechanisms 
of  infinite  wisdom,  especially  when  we  con- 
sider the  varieties  which  exist  in  our  terres- 
trial system  ?  It  is  not  beyond  the  limits  of 
probability  that  an  inhabitant  of  Jupiter  may 
be  able  to  perceive  and  to  trace  all  the  varie- 
ty of  scenery  connected  with  Saturn,  and  its 
rings  and  satellites,  and  to  distinguish  the 
planets  that  revolve  around  other  suns,  as 
distinctly  as  we  perceive  with  a  telescope  the 
satellites  with  which  that  planet  is  attendea. 
We  have  experimental  proof  that  the  inven 
tions  of  art  can  extend  the  range  of  human 
vision.  The  rings  of  Saturn,  the  motions  of 
its  satellites,  the  changes  which  happen  in  the 
belts  of  Jupiter — ^which  no  unassisted  eye 
could  ever  have  discerned, — and  millions  of 
stars  a  thousand  times  more  distant  than  the 
limits  of  natural  vision,  have  been  brought  to 
view  by  the  invention  of  the  telescope ;  which 
shows  that  the  extent  of  human  vision  is  sus- 
ceptible of  an  indefinite  increase.  And  if 
man  can  thus  improve  his  natural  vision,  we 
need  not  doubt  that  the  Deity  has  infinite  re- 
sources at  his  comman/l,  and  that  when  lia 
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|>leer^?!,  he  can  construct  visual  organs  of  such  templated,  most  of  tne  pleasures  peculiar  to 
vast  and  extensive  powers  as  far  surpass  the  an  intelligent  being  could  never  be  enjoyed, 
limits  of  our  comprehension  ;  and  it  is  not  im-  and  the  manifold  delights  which  flow  from 
probable,  from  the  variety  already  known  to  social  intercourse  and  the  contemplation  of 
exist,  that  such  organs  are  actually  to  be  diversified  scenes  and  objects  could  never  be 
found  throughout  different  regions  of  the  uni-  experienced.  The  supposition  of  an  incapa- 
verse.  Our  extent  of  vision  by  the  telescope  city  for  local  motion  is  therefore  inconsistent 
is  fooand  to  depend  on  the  extent  of  area  con-  with  the  idea  of  a  rational  being,  and  almost 
tained  in  the  object-glass,  or  speculum  of  that  involves  an  absurdity.  We  find,  moreover, 
instrument,  which  enables  the  eye  to  take  in  that  in  many  of  the  planets,  particularly  in 
a  greater  portion  of  rays  from  distant  objects  Jupiter  and  Saturn,  there  is  the  most  am- 
than  it  can  do  in  its  natural  state  ;  and  there-  pie  space  provided  for  exercising  the  powers  of 
fore,  if  our  eyes  were  formed  with  pupils  of  locomotion ;  these  two  planets  containing  more 
a  large  dimension,  and  with  a  corresponding  than  220  times  the  area  of  the  earth's  surf  ace, 
degree  of  nervous  sensibility  in  the  retina,  we  which  affords  a  vast  field  for  excursion,  and 
might  be  enabled  to  penetrate  into  space  to  for  observation  to  their  inhabitants.  Tliese 
an  extent  of  which  we  have  no  conception,  locomotive  powers  may  be  very  different  from 
Such  modifications  of  vision,  and  thousands  those  of  man,  both  in  their  fleetness  and  in 
of  others,  are  obviously  withm  the  power  of  their  mode  of  operation.  We  have  reason  to 
Him  who  at  first  organized  all  the  tribes  of  believe  that  in  many  instances  they  will  far 
animated  existence.  exceed  ours  in  swiftness,  and  in  the  ease  with 

It  is  highly  probable  that  it  is  one  great  de-  which  they  may  be  performed  ;  for  if  birds 
sign  of  the  Creator  to  exhibit  to  all  intelligent  and  flying  insects,  and  even  certain  quadru- 
beings  throughout  creation  a  visible  display  of  peds,  are  endowed  with  powers  of  motion  far 
his  glory  through  the  medium  of  their  visual  more  swift  and  energetic  than  those  of  man, 
organs ;  for  where  no  organs  of  vision  exist,  it  is  highly  probable  that  rational  and  social 
the  wondei-ful  apparatus  for  the  production  beings,  in  more  expansive  worlds  than  ours, 
and  distribution  of  light  so  conspicuous  are  capable  of  traversing  space  with  much 
throughout  the  universe,  exists  in  vain ;  and  more  ease  and  agility  than  the  human  inha- 
therefore,  if  it  be  allowed  to  reason  from  the  bitants  of  our  globe,  otherwise  they  could  not 
means  to  the  end,  or  from  the  cause  to  the  be  supposed  for  ages  to  accomplish  a  survey 
effect,  we  must  admit  that  the  universal  dif-  of  the  world  in  which  they  dwell,  or  to  be- 
fusion  of  light  through  infinite  space,  from  an  come  acquainted  with  its  leading  features, 
infinite  variety  of  bodies,  must  be  intended  to  Whether  such  motions,  however,  are  per- 
produce  vision  through  the  medium  of  organs  formed  on  a  principle  analogous  to  that  on 
similar  or  analogous  to  ours ;  in  order  that  which  the  wings  of  birds  are  constructed,  or 
rational  beings  may  enjoy  the  pleasures  arising  on  any  other  principle  to  us  unknown,  is  be- 
from  this  sense,  and  be  enabled  to  appreciate  yond  our  province  to  determine, 
the  wonders  of  the  universe,  and  the  perfec-  5.  We  may  also  infer  that  the  inhabitants 
tions  of  its  Creator.  The  variety  of  means  of  other  worlds  are  furnished  with  a  sense 
and  contrivances  for  the  diffusion  o^  light  corresponding  to  the  organ  of  hearing,  and  a 
throughout  creation  is  therefore  a  demonstra-  faculty  of  emitting  articulate  sounds.  With- 
tive  evidence  both  of  the  existence  of  intelli-  out  such  a  sense  and  faculty,  it  is  scarcely 
gent  beings  in  other  worlds,  and  that  they  possible  to  conceive  that  social  intercourse, 
are  furnished  with  visual  organs  for  the  pur-  and  a  mutual  interchange  of  sentiment  and 
pose  of  contemplating  the  objects  which  it  feeling  could  be  earned  on  to  any  extent,  or 
renders  visible.  with  any  great  degree  of  pleasure  or  improve- 

4,  The  inhabitants  of  other  worlds  are  in-  ment,  among  organized  beings.  Pure  spirits 
vested  with  locomotive  powei^s.  This  we  may  may  have  modes  of  intercourse  and  of  com- 
infer  from  the  amplitude  of  space  which  every  municating  thought  peculiar  to  themselves, 
world  contains,  and  from  the  consideration  of  which  we  can  at  present  form  no  distinct 
that  they  are  social  beings,  and  hold  a  regular  conception  ;  but  organized  intelligences  must 
intercourse  with  each  other.  We  must,  in-  necessarily  have  some  material  mediums,  or 
deed,  necessarily  suppose  that  there  are  no  faculties,  by  which  sentiments  and  emotions 
rational  beings  confined  to  one  spot  or  point  may  be  expressed  and  communicated.  Seme 
of  space,  as  a  tree,  a  shrub,  or  any  other  vege-  of  the  planets  are  found  to  be  environed  with 
table ;  for  if  this  were  the  case,  there  could  be  atmospheres ;  and  as  air  is  tne  medium  of 
no  improvement  either  in  knowledge  or  in  sound  in  our  terrestrial  region,  it  doubtless 
moral  action,  the  capacity  of  the  intellect  serves  a  similar  purpose  in  other  worlds ;  and 
could  never  be  expanded,  the  variety  of  beau-  consequently  we  may  conclude  that  the  ani- 
ties  and  sublimities  which  distinguish  all  the  mated  beings  they  contain  are  furnished  with 
works  of  God  could  never  be  properly  con-    organs  for  the  perception  of  sounds  in  all  their 

3  K  (6'6l; 


Hosted  by  Google 


138 


SIDEREAL  HEAVENS. 


modulations.  In  the  representations  given 
in  the  sacred  records  of  the  exercises  of  supe- 
rior beings,  they  are  exhibited  as  uttering  ar- 
ticulate sounds,  and  joining  in  the  harmonies 
of  music.  When  a  multitude  of  angels  de- 
scended on  the  plains  of  Bethlehem  to 
announce  the  birth  of  Messiah  to  the  shep- 
herds, they  uttered  articulate  sounds,  and 
joined  in  musical  strains  which  struck  the 
ear«  of  tL?  shepherds,  and  conveyed  a  distinct 
impre«9ion  of  the  meaning  of  the  sentinients 
communicated ;  which  circumstance  leads  us 
to  conclude,  that  superior  intelligences  in 
other  regions  express  sentiments  and  emo- 
tions in  a  manner  somewhat  similar  to  that 
in  which  we  hold  intercourse  with  one 
another,  by  the  faculties  of  speech  and 
hearing. 

6.  It  might,  perhaps,  be  inferred  from  the 
rotation  of  the  planets — which  produces  the 
alternations  of  light  and  darkness — that  their 
inhabitants  are  subject  to  something  analo- 
gous to  sleep,  or  stated  intervals  of  repose. 
This  may  probably  be  the  case  in  some  of  the 
planets,  such  as  Mars  or  Mercury,  which  are 
unaccompanied  with  satellites ;  but  we  know 
too  little  of  the  peculiar  circumstances  of 
other  worlds  to  warrant  us  to  speak  decisively 
on  this  point,  as  the  bodies  of  the  inhabitants 
of  other  planets  may  be  so  constructed  as  not 
to  stand  in  need  of  being  daily  invigorated  by 
repose  as  the  bodies  of  men.  Besides,  the 
celestial  scenery  of  some  of  the  planets  is  so 
grand,  diversified,  and  picturesque,  that  a 
considerable  part  of  their  studies  and  social 
pleasures  may  be  prosecuted  and  enjoyed 
amidst  the  solemn  grandeur  and  beautiful 
diversity  of  their  nocturnal  scenes,  and  their 
contemplations  directed  to  the  interesting  ob- 
jects then  presented  to  their  view.  This  is 
probably  the  case  in  the  regions  of  Jupiter 
and  Uranus, — particularly  in  Saturn,  where 
seven  moons  may  occasionally  be  beheld  in 
the  nocturnal  heavens,  all  exhibiting  different 
phases, — some  of  them  changing  their  appa- 
rent phases,  magnitude,  and  motion  with 
great  rapidity ;  some  of  them  entering  into 
an  eclipse ;  and  others  emerging  fi'om  it ; 
while  two  stupendous  rings  stretch  across  the 
concave  of  the  sky,  presenting  every  moment 
different  objects  on  their  surface  in  the  course 
of  their  rapid  diurnal  revolution.  Such  scenes 
will,  perhaps,  be  more  interesting  to  the  in- 
habitants of  this  planet  than  all  the  splendours 
of  their  noonday  ;*  for  all  the  objects  on  the 
surface  of  this  planet,  and  likewise  those  on 
Jupiter  and  Uranus,  will  present  a  different 
asjpect  from  what  they  do  in  the  daytime. 
Being  illuminated  by  the  light  reflected  from 

*  For  a  particular  description  of  these  scenes, 
the  reader  is  yeferrec!  io  "  Celestial  Scenery,'* 
thap.  viii. 
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a  retinue  of  moons,  and  by  the  still  more 
effulgent  splendour  emitted  from  the  spacious 
rings,  every  object  will  appear  enlightened 
and  distinctly  visible,  a  diversity  of  colouring 
will  be  exhibited  by  the  diversity  of  reflected 
rays  proceeding  from  the  different  moons  and 
rings,  and  the  shadows  of  objects  will  be  in- 
creased and  blended  together,  and  thrown  in 
different  directions,  according  to  the  number 
and  relative  positions  of  the  nocturnal  lumi- 
naries which  may  happen  to  be  above  their 
horizon.  On  which  account,  I  should  be  dis- 
posed to  conclude  that  the  inhabitants  of  such 
planets  have  their  physical  constitutions  or- 
ganized in  such  a  manner  by  Divine  Wisdom 
as  to  fit  them  for  perpetual  activity,  without 
standing  in  need  of  any  repose  similar  to  that 
of  sleep. 

The  above  cursory  remarks  respecting  the 
physical  state    of  the   planetary  inhabitants 
have  been  deduced  chiefly  from  the  ascer- 
tained circumstances  and  phenomena  of  the 
planets,  and  from  the  general  constitution  and 
economy  of  the  universe.     Several  other  con- 
clusions might  likewise  have  been  deduced, 
but  I  do  not  intend  to  enter  into  the  regions 
of  mere  conjecture.     As  rational   and  intelli- 
gent beings,  the  inhabitants  of  other  worlds 
must  necessarily  be  considered  as  prosecuting 
the  study  of  useful  science  in  reference  to  all 
those  departments  of  nature  which  lie  open 
to   their   inspection,   and  that  they  exercise 
their  mental  faculties  in  such  pursuits  and 
investigations.     If  this  be  admitted,  then  we 
must  necessarily  conclude  that  they  use  all 
the  requisite  means  for  the  investigation  of 
truth,  and  for  progressing  in  knowledge.     If, 
for  example,  they  engage   in  the   study  of 
astronomy  (as  we  have  reason  to  believe  the 
inhabitants  of  all  worlds  do)  they  must  make 
,observations,   both    general    and   particular; 
and  in  order  to  do  so  with  accuracy  and  pre- 
cision, instniments  of  various  descriptions  are 
requisite,  and  the  management  of  these  re- 
quires the  use  of  hands,  or  some  bodily  parts 
answering  a  similar  purpose ;  for  none  of  the 
lower  animals  on  our  globe  that  are  deficient 
in  such  a  member  could  perform  the  r^pera- 
tions  of  art  which  man  ca:    perform  by  the 
use  of  his  hands.     If  a  horse  or  a  bear  were 
furnished  with  the  same  intellectual  faculties 
as  the  human  race,  and  still  retain  its  present 
organization,  it  could  make  little  or  no  pro- 
gress either  in  science  or  art,  without  mem- 
bers  corresponding   to   human   hands;    and 
therefore  we  may  confidently  conclude  that 
members  similar  or  analogous  to  these  are 
common  to  us  and  to  the  planetary  inhabit- ' 
ants.     The  study  of  astronomy  likewise  sup- 
poses an  acquaintance  with  geometry.     The 
truths  of  geometry  must  be  the  same  in  every 
region  of  the  universe,  and  perhaps  of  equal 
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utility  to  the  inhabitants  of  the  most  distant 
worlds  as  to  man  on  earth.  They  are  truths 
which  are  eternal  and  unchangeable,  and 
which  no  locaUty  or  circumstances  within  the 
limits  of  creation  can  possibly  alter  or  modify; 
and  therefore  must  be  recognized,  in  a  greater 
or  less  degree,  by  every  rational  being.  The 
Creator  himself  has  laid  the  foundation  of  this 
science,  for  he  presents  us  in  his  works  with 
geometrical  figures  of  various  descriptions, — 
with  circles,  squares,  parallelograms,  hexagons 
and  polygons — with  ellipses,  spheres,  sphe- 
roids, and  other  figures,  and  proposes  them, 
as  it  were,  to  our  study  and  contemplation. 
With  geometry,  arithmetic  and  other  sciences 
are  intimately  connected,  so  that  the  study  of 
the  one  supposes  that  of  the  other.  In  short, 
truth,  and  every  branch  of  knowledge  by 
which  the  mind  of  a  rational  being  can  be 
adorned,  nmst  be  substantially  the  same  in 
every  w^orld  throughout  the  amplitudes  of 
creation. 

Some  persons,  however,  may  be  disposed 
to  object,  that  the  inhabitants  of  other  worlds 
may  see  all  truths  intuitively,  and  that  they 
may  have  no  need  to  use  any  means,  as  we 
are  obliged  to  do,  to  acquire  and  to  make  pro- 
gress in  knowledge,  and  that  they  acquire  all 
their  knowledge  at  once  without  any  exer- 
tions,— opinions  which  have  been  frequently 
broached  by  divines,  in  reference  to  the  hap- 
piness of  the  future  world.  But  there  ap- 
pears no  foundation  for  such  opinions.  We 
have  reason  to  beheve  that  every  intellectual 
being  throughout  creation  exei^ts  its  powers 
for  the  acquisition  of  truth,  and  that  its  ad- 
^'ancement  in  knowledge  is  pi^ogressive  ;  for 
its  faculties  were  bestowed  for  the  very  pur- 
pose that  they  might  be  exerted  on  all  the 
diiFerent  objects  and  manifestations  of  the 
Divinity  within  its  reach ;  and  if  all  know- 
ledge were  intuitive  and  required  no  exertion 
of  the  mental  faculty,  the  individual  would 
be  reduced  to  something  like  a  mere  machine, 
and  would  be  deprived  of  the  pleasures  which 
arise  from  mental  research  and  investigation. 
There  must  likewise  be  ii]:frogress  in  know- 
ledge, aribiijg  from  the  consideration  of  the 
immensity  of  the  Divine  Being,  and  of  his 
works,  and  o^  the  limited  nature  of  finite  in- 
telligences. No  finite  being  can  ever  grasp 
the  incomprehensible  Divinity,  or  the  iramen- 
Bity  and  variety  of  his  operations  throughout 
boundless  space  ;  but  it  may  always  be  ad- 
vancing  to  a  more  comprehensive  view  of  the 
perfections  and  the  empire  of  the  Eternal, 
and  may  thus  go  on  from  one  degree  of  know- 
ledge to  another,  gradually  approximating 
towards  perfection  during  all  the  periods  of 
an  immortal  existence,  but  will  never  reach 
it ;  and  its  happiness  is  connected  with  this 
circumstance,  that  it  will  never  reach  perfec- 


tion, or  obtain  a  full  discovery  of  all  the 
glories  of  the  Divinity.  But  this  gradual 
progression  and  expansion  of  intellectual 
views  will  be  a  perennial  source  of  felicity  to 
all  virtuous  intelligences.  Whereas,  were 
the  whole  of  their  knowledge  acquired  at 
once,  or  after  a  short  period  of  duration, 
the  mind  would  flag,  mental  activity  would 
cease,  the  prospect  of  fiiture  knowledge  and 
enjoyment  would  be  cut  off,  and  misery  to  a 
certain  extent  would  talte  possession  of  the 
soul. 

In  fine,  although  there  are,  doubtless, 
marked  differences  between  the  planetary  in- 
habitants and  the  inhabitants  of  our  globe, 
and  although  the  natural  scenery  of  thosa 
worlds  may  be  considerably  different  from 
ours,  yet  it  is  not  improbable,  were  we  trans- 
ported to  those  abodes,  that  we  should  feel 
more  at  home  in  their  society  and  arrange- 
ments than  we  are  now  apt  to  imagine,  pro- 
vided we  were  once  made  acquainted  with 
their  language,  or  mode  of  communicating 
their  ideas.  For  there  are  certain  relations, 
sentiments,  dispositions,  and  virtues,  which 
must  be  common  to  intellectual  and  moral 
beiugs,  where-vr  existing  throughout  the  ma- 
terial universe.  In  respect  to  bodily  stature 
and  appearance,  we  might  be  apt  to  suspect 
that  there  would  be  mar.y  stiking  differences 
in  the  aspect  of  the  inhabitants  of  another 
planet,  and  that  strange  and  novel  forms  of 
corporeal  organization  would  every  where  be 
presented  to  view  ;  yet  it  is  just  as  probable 
that  in  such  a  world  we  should  contemplate 
beings  not  much  unlike  ourselves,  and  ani- 
mated by  similar  or  analogous  views,  senti- 
ments, and  feelings,  though  placed  in  cir- 
cumstances and  surrounded  with  a  scenery- 
very  different  from  those  of  our  sublunaiy 
region. 

Whether  we  may  ever  enjoy  an  intimate 
correspondence  with  beings  belonging  to  other 
worlds,  is  a  question  which  will  frequently 
obtrude  itself  on  a  contemplative  mind.  It  is 
evident  that,  in  our  present  state,  all  direct 
intercourse  with  other  worlds  is  impossible. 
The  law  of  gravitation,  which  unites  all  the 
worlds  in  the  universe  in  one  grand  system, 
separates  man  from  his  kindred  spirits  in  other 
planets,  and  interposes  an  impassaole  barrier 
to  his  excursions  to  distant  regions,  and  to 
his  correspondence  with  other  orders  of  intel- 
lectual beings.  But  in  the  present  riate  he 
is  only  in  the  infancy  of  his  being ;  he  is 
destined  to  a  future  and  eternal  state  of  exist- 
ence, where  the  range  of  his  faculties  and  his 
connexions  with  other  beings  will  be  indefi- 
nitely expanded.  "  A  wide  and  boundless 
prospect  lies  before  him,"  and  during  the  re- 
volutions of  an  interminable  duration,  he  will, 
doubtless,  be  brought  into  contact  and  corre^ 
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pondence  with  numerous  orders  of  kindred 
beings,  with  whom  he  may  be  permitted  to 
associate  on  terms  of  equahty  and  of  endear- 
ing friendship.  All  the  virtuous  intelligences 
throughout  creation  may  be  considered  as 
members  of  one  ^reat  family,  under  the  pe- 
cuhar  care  and  protection  of  the  Universal 
Pauent  ;  and  it  is  not  improbable,  that  it  is 
one  grand  design  of  the  Deity  to  promote  a 
regular  and  progressive  intercourse  among  the 
several  branches  of  his  intelligent  offspring, 
though  at  distant  intervals  and  in  divers  man- 
ners, and  after  the  lapse  of  long  periods  of 
duration. 

Such  an  intercourse  may  be  necessary,  in 
order  to  the  full  expansion  of  the  moral  and 
intellectual  faculties,  and  to  the  acquisition  of 
all  that  knowledge  which  relates  to  the  attri- 
butes of  the  Divinity,  and  the  physical  and 
moral  government  of  the  universe.  For  this 
purpose  it  may  be  necessary  that  branches  of 
the  universal  family  that  have  existed  in  dif- 
ferent periods  of  duration,  and  in  regions 
widely  separated  from  each  other,  should  be 
brought  into  mutual  association,  that  they 
may  communicate  to  each  other  the  results 
of  their  knowledge  and  experience,  the  diver- 
sity of  physical  and  moral  circumstances  in 
which  they  have  been  placed,  and  the  differ- 
ent arrangements  of  God's  moral  government 
to  which  they  have  been  respectively  sub- 
jected. Such  views  correspond  with  the 
representations  given  in  Scripture  in  reference 
to  the  heavenly  state.  The  spirits  of  "just 
men  made  perfect"  are  represented  as  joining 
the  society  of  "  an  innumerable  company  of 
angels,"  which  are  only  another  order  of  ra- 
tional beings ;  and  in.  the  visions  oi  celestial 
bliss,  recorded  in  the  book  of  Revelation,  both 
men  and  the  angelic  hosts  are  exhibited  as 
forming  one  society,  and  joining  in  unison  in 
celebrating  the  perfections  of  Him  who  sitteth 
on  the  throne  of  the  universe. 

But  should  the  laws  of  the  physical  sys- 
tem, and  the  immense  distances  which  inter- 
vene between  the  several  worlds,  prevent  such 
associations  as  I  have  now  supposed,  there 
maybe  another  economy,  superior  to  the  phy- 
sical, which  may  consist  with  the  most  exten- 
sive and  intimate  intercourse  of  all  rational 
and  virtuous  beings.  There  may  be  a  spirit- 
ual economy  established  in  the  universe,  of 
which  the  physical  structure  of  creation  is  the 
basis  or  platform,  or  the  introductory  scene  in 
which  rational  beings  are  trained  and  pre- 
pared for  being  members  of  the  higher  order 
Qf  this  celestial  or  intellectual  economy.  It 
appeau's  highly  probable  that  the  first  intro- 
duction of  every  rational  creature  into  exist- 
ence is  on  the  scene  of  a,  physical  economy. 
The  diversified  scenes  and  relations  of  the 
aiaterial  world  appear  to  be  necessary,  in  the 
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infancy  of  being,  to  form  a  subtratum  for 
thought,  or  to  afford  scope  for  the  exercise  of 
the  moral  and  intellectual  powers,  or  materiala 
on  which  these  powers  may  operate,  an^l  like- 
wise for  exhibiting  a  sensible  display  of  the 
character  and  perfections  of  the  Almighty. 
The  knowledge  which  may  thus  be  acq\hred 
of  the  scenes  and  relations  cf  the  universe, 
and  the  attributes  and  moral  government  of 
its  Omnipotent  Author,  in  the  course  of  my- 
riads of  ages,  must  be  great  and  extensive 
beyond  what  we  can  well  conceive.  This 
knowledge  and  experience  of  physical  objects 
and  relations  may  prepare  the  rational  soul 
for  entering  on  the  confines  of  a  higher  and 
nobler  economy,  where  i'mmaterial  scenes 
and  relations,  and  particularly  the  attributes 
of  Divinity,  abstractly  considered,  may  form 
the  chief  objects  of  research  and  contempla- 
tion. Under  such  a  state  of  economy,  we 
may  conceive  that  intellectual  beings,  to  what- 
ever portion  of  the  material  universe  they 
originally  belonged,  may  hold  the  most  inti- 
mate converse  with  one  another,  by  modes 
peculiar  to  that  economy,  and  which  are  be- 
yond the  conceptions  of  the  inhabitants  of  the 
physical  universe ;  so  that  distance  in  point 
of  space  shall  form  no  insuperable  carrier  to 
the  mutual  communication  of  sentiments  and 
emotions. 

On  grounds  similar  to  those  now  stated, 
we  might  conceive  it  as  not  altogether  impro- 
bable, that  the  spiritual  principle  which  ani- 
mates the  lower  orders  of  animated  nature, 
and  which  in  some  cases  bears  a  near  resem- 
blance to  the  reason  of  man,  may  be  suscep- 
tible of  indefinite  expansion  and  improvement 
by  being  connected  with  a  superior  oi-ganiza- 
tion,  and  that  such  beings  may  ultimately 
pass  through  various  gradations  of  rank  in 
the  physical  and  intellectual  economy,  till 
they  arrive  at  a  station  superior  to  that  of  the 
most  enlightened  and  improved  human 
beings.  But  as  we  are  now  bordering  on 
the  regions  of  doubt  and  uncertainty,  suflice 
it  to  say,  that  it  appears  highly  probable, 
from  a  consideration  of  the  Divine  benevo- 
lence, of  the  relations  which  subsist  throughout 
the  physical  and  intelligent  system,  and  of 
the  intimations  contained  in  the  records  of 
revelation,  that  virtuous  and  holy  intelli- 
gences, from  different  regions  of  the  material 
creation,  as  brethren  of  the  same  great  family, 
shall,  at  one  period  or  another,  hold  the  most 
intimate  converse  and  communion,  and  re- 
hearse to  each  other  their  mutual  history  and 
experience.  Such  intercourse  w  >uld  evi- 
dently enhance  that  felicity  which  it  is  the 
great  design  of  the  Creator  to  communicate, 
and  the  means  by  which  it  may  be  effected 
are  obviously  within  the  limits  of  infinite 
Wisdom  and  Omnipotence. 
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On  the  Moral  State  of  the  Inhabitants  of 
other  Worlds. 

The  moral  state  of  intellectual  beings  in 
other  worlds  is  a  subject  of  still  greater  inte- 
rest and  importance  than  their  physical  state 
and  constitution,  and  the  scenes  of  nature 
with  which  they  are  surrounded ;  for  on  the 
moral  temperament  of  such  beings,  and  the 
passions  and  affections  they  display,  will 
chiefly  depend  the  happiness  of  the  intelligent 
system  throughout  every  region  of  the  uni- 
verse. It  is  possible  to  suppose  a  region  of 
creation  furnished  with  every  thing  that  is 
grand,  beautiful  and  magnificent,  and  calcu- 
lated to  gratify  in  the  highest  degree  the 
senses  and  imagination,  and  yet  the  abode  of 
wretchedness  and  misery.  If  passions  and 
dispositions  similar  to  those  which  actuate  the 
most  vicious  and  depraved  class  of  mankind 
were  universally  to  prevail  in  any  world, 
however  beautiful  and  sublime  its  physical 
arrangements,  true  happiness  would  be  ba- 
nished from  its  society,  and  misery,  in  all  its 
diversified  ramifications,  would  be  found  per- 
vading its  abodes.  Even  the  tempers  and 
dispositions  which  are  frequently  exhibited  in 
polished  society,  and  by  some  men  who  call 
themselves  Christians  and  philosophers, — 
jealousy,  emulation,  envy,  pride,  revenge, 
selfishness,  and  such  hke, — were  they  to  reign 
uncontrolled  in  any  region,  would  soon  trans- 
form intellectual  beings  into  an  assemblage  of 
fiends,  and  banish  true  enjoyment  from  every 
department  of  the  social  system. 

If  these  sentiments  be  admitted,  it  will  fol- 
low, that  were  we  permitted  to  range  through 
any  of  the  planetary  worlds,  the  pleasures 
and  enjoyments  of  such  an  excursion  would 
chiefiy  depend  on  the  character  and  disposi- 
tions of  those  who  accompanied  us,  and  of 
the  inhabitants  of  the  planet  through  which 
we  roamed.  Were  we  to  be  treated  by  the 
inhabitants  of  another  world  in  the  same  way 
as  Mr.  Park  was  treated  by  the  Moors  when 
he  was  traversing  the  wilds  of  Africa,  or  as  a 
poor  wretched  foreigner  is  sometimes  treated 
in  our  own  country,  we  should  find  little  en- 
joyment amidst  all  the  beauties  and  novelties 
of  scenery  which  might  meet  our  eye  in  such 
a  world,  for  upon  the  affections  and  conduct 
of  intelligent  beings  towards  one  another 
must  depend  the  happiness  of  individuals,  and 
of  the  whole  social  system  throughout  every 
department  of  creation. 

It  is  probable  that  the  greater  part  of  the 
inhabitants  of  all  worlds  are  in  a  state  of  in- 
nocence, or,  in  other  words,  that  they  remain 
in  that  state  of  moral  rectitude  in  which  thej 
were  created;  for  we  may  assume  it  as  an 
axiom  that  e'ery  rational  being,  when  first 
ushered  intc  existence,  is  placed  in  a  state  of 
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innocence  or  moral  rectitude,  without  any 
natural  bias  to  moral  evil.  To  suppose  the 
contrary  would  be  to  admit  that  the  Divine 
Being,  who  is  possessed  of  perfect  holiness 
and  rectitude,  infuses  into  rational  beings  at 
their  creation  a  principle  of  sin,  or  a  tendency 
to  moral  evil,  which  would  be  inconsistent 
with  every  scriptural  view  we  can  take  of  the 
character  of  God.  Such  beings,  therefore,  so 
long  as  they  continue  in  their  primeval  recti- 
tude, are  in  a  state  of  happiness ;  and  every 
arrangement  of  the  Creator  in  relation  to 
them  must  be  conceived  as  having  a  direct 
tendency  to  promote  their  sensitive  and  in- 
tellectual enjoyment.  Moral  evil,  however, 
has  been  introduced  into  the  universe,  and 
we  know  by  experience  many  of  its  malignant 
and  miserable  effects.  For  any  thing  we 
know  to  the  contrary,  the  operation  of  this 
principle  mai/  be  felt  in  some  other  worlds 
besides  our  own,  though  we  have  reason  to 
believe,  from  a  consideration  of  Divine  good- 
ness, that  its  effects  are  not  very  extensive. 
Its  introduction  into  the  world  has  doubtless 
been  permitted  in  order  to  bring  about  a 
greater  good  to  the  universe  at  large  than 
could  have  been  accomplished  without  it,  in 
order  to  exhibit  to  the  intelligent  system  a 
display  of  the  miserable  and  extensive  effects 
which  necessarily  flow  from  a  violation  of  the 
original  moral  laws  given  forth  by  the  Crea- 
tor, and  to  demonstrate  the  indispensable 
necessity  of  a  universal  adherence  to  these 
laws,  in  order  to  secure  the  harmony  and  the 
happiness  of  the  intelligent  universe. 

In  conformity  to  the  axiom  stated  above, 
we  must  necessarily  suppose  that  rational  be- 
ings, wherever  existing,  were  created  in  per- 
fect moral  purity,  and  had  a  law  or  laws  im- 
pressed upon  their  minds  congenial  to  the 
holiness  of  the  Almighty  Creator,  and  cal- 
culated to  promote  the  moral  order  of  the 
intelligent  system,  and  consequently  the 
happiness  of  every  individual  belonging  to  it. 
Moral  order  consists  in  the  harmonious 
arrangement,  disposition,  and  conduct  of  in- 
telligent beings,  corresponding  to  the  relations 
in  which  they  stand  to  one  another  and  to 
their  Creator,  and  calculated  to  promote  their 
mutual  happiness.  Wherever  moral  order 
prevails,  every  being  holds  its  proper  station 
in  the  universe,  acts  according  to  the  nnture 
of  that  station,  uses  its  faculties  for  the  pur- 
pose for  which  they  were  originally  intended, 
displays  dispositions  and  emotions  towards 
fellow-creatures  and  the  Creator  correspond- 
ing to  the  respective  relations  in  which  they 
stand,  and  endeavours  to  promote  enjoyment 
among    all    surrounding   beings,*     For   the 

*  For  a  particular  illustration   of  vioral  order, 
the  reader  is  referred  to  "  The  Philosophy  of  Re- 
ligion," Preliminary  Definitions,  sect.  i. 
3  K  2  (^665) 
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pui*pose  of  securing  moral  order,  certain 
moral  laws  must  be  supposed  to  be  promul- 
gated by  the  Creator,  or  at  least  written  upon 
the  hearts  of  all  rational  beings,  as  principles 
of  action,  to  regulate  all  the  movements  of 
the  intelligent  system.  These  laws  must  be  suh- 
st^tntially  the  same  as  to  their  general  bearings 
th-  3ughout  all  the  worlds  in  the  universe. 

But,  it  may  be  asked,  what  are  those 
general  laws  to  which  I  allude,  and  ha^vc  they 
ever  been  promulgated  to  man  upon  earth "] 
I  answer,  they  have  actually  been  revealed  to 
the  inhabitants  of  our  globe  by  the  highest 
authority,  and  reason  can  demonstrate  their 
applicability  to  all  worlds.  They  are  these — • 
"  Thou  shalt  love  the  Lord  thy  God 
with  all  thy  heii  iit,  and  with  all  thy 

MII^D,  AKD  WITH  ALL  THY  STRENCrTH.     This 

is  the  first  and  great  commandment.  And 
the  second  is  like  unto  it:  Thou  shalt  love 

THY  NEIGHBOUR   AS   THYSELF."       TllCSe  laWS 

are  not  to  be  considered  as  confined  merely 
to  the  regulation  of  the  affections  and  actions 
of  human  beings,  but  to  every  individual  of 
the  moral  system,  wherever  existing ;  for  we 
cannot  for  a  moment  suppose  that  laws  di- 
rectly opposite  to  these  would  be  given  by  the 
Creator  to  any  class  of  intelligences.  It  would 
be  inconsistent  with  every  thing  we  know  of 
She  character  of  the  Divinity  to  imagine  that 
he  would  promulgate  to  any  class  of  beings 
such  laws  as  these  :- — *'Thou  shalt  hate  thy 
Creator,"  and  "  thou  shalt  hate  all  thy  fellow- 
creatures."  And  if  such  an  idea  would 
evidently  involve  in  it  a  glaring  inconsistency 
and  absurdity,  then  it  follows  that  the  very 
opposite  of  such  injunctions  must  be  the 
general  priiiciples  which  govern  the  inhabit- 
ants of  all  worlds  that  have  retained  their 
allegiance  to  their  Creator.  There  is  not  a 
single  being  possessed  of  a  rational  nature, 
either  in  the  planetary  system  to  which  we 
belong  or  to  any  other  system  throughout  the 
sidereal  heavens,  but  is  under  indispensable 
obligations  to  regulate  its  conduct  by  the  two 
general  laws  or  principles  to  which  we  have 
i"eferred,  and  to  yield  a  complete  and  unre- 
served obedience  to  all  that  is  included  in 
such  requisitions.  Wherever  such  obedience 
is  complete,  order,  harmony,  and  happiness 
are  the  natural  and  necessary  results;  but 
could  we  suppose  these  laws  reversed,  and 
the  inhabitants  of  any  worlds  to  act  on  prin- 
ciples directly  opposite,  a  scene  of  anarchy, 
confusion,  and  misery  would  ensue,  which 
would  completely  disorganize  the  social  sys- 
tem, and  render  existence  a  curse  rather  than 
a  blessing;  and  in  worlds  where  those  laws 
are  partially  violated,  as  in  the  world  in 
which  we  dwell,  disorder  and  misery  will  be 
the  result  in  proportion  to  the  frequency  and 
extent  of  their  violation. 


These  are  the  laws  by  which  not  only  niais 
on  earth,  but  all  "the  principalities  and 
powers  of  heaven,"  are  governed  and  directed, 
and  by  which  they  are  bound  to  regulate  alj 
their  thoughts,  affections,  and  conduct.  The 
lowest  orders  of  rational  existence  come  with- 
in the  range  of  these  universal  laws,  and  the 
highest  orders  of  the  seraphim  are  not  be- 
yond their  control.  As  the  law  of  gravitation 
extends  its  influence  throughout  all  the 
planetary  worlds,  and  even  to  the  remotest 
stars,  uniting  the  whole  in  one  harmonious 
system,  so  the  law  of  universal  love  diffuses 
its  influence  over  the  intelligent  universe, 
uniting  the  individuals  who  are  subject  to  its 
sway  in  one  harmonious  and  happy  associa- 
tion. Hence  it  follows,  that  were  we  com- 
pletely animated  by  this  noble  principle,  and 
were  we  permitted  to  visit  those  worlds  where 
it  reigns  supreme,  and  to  mingle  with  their 
inhabitants,  we  should  be  recognized  as  friends 
and  brethren,  and  participate  of  all  those 
pleasures  and  enjoyments  of  which  it  is  the 
source.  The  full  recognition,  then,  of  the 
laws  to  which  we  have  referred,  and  their 
complete  and  uninterrupted  influence  over 
the  moral  powers,  may  be  considered  as  quali- 
fying the  individual  for  being  a  citizen  of  the 
great  moral  universe,  and  for  associating  with 
all  holy  beings  throughout  the  wide  empire 
of  omnipotence,  should  he  ever  be  permitted, 
at  any  period  of  duration,  to  visit  other  worlds, 
and  mingle  with  other  orders  of  rational  in- 
telligences.* 

These  laws,  in  reference  to  the  inhabitants 
of  our  world,  diverge  into  numerous  ramifica- 
tions. The  precepts  of  the  moral  law,  or  the 
ten  commandments,  are  so  many  branches  ot 
moral  duty  flowing  from  these  first  principles . 
and  in  the  discourses  of  our  Saviour  and  the 
practical  parts  of  the  apostolic  epistles  they 
diverge  into  still  more  specific  and  minute- 
ramifications,  bearing  upon  all  the  diversified 
relations  of  life  and  the  various  circumstances 
connected  v/ith  moral  conduct.  But  all  the 
particular  rules  and  precepts  alluded  to  are 
resolvable  into  the  general  principles  or  affec- 
tions stated  above,  and  bear  the  same  rela- 
tions to  each  other  as  the  trunk  of  a  tree  to 
its  branches,  or  as  a  fountain  to  the  div(;rsified 
streams  which  it  sends  forth.  In  other  worlds 
relations  may  exist  different  from  those  which 
are  found  in  human  society,  and  consequently 
particular  precepts  different  from  ours  may 
form  a  part  of  their  moral  code,  while  certain 
relations  which  obtain  among  us  may  have 
no  place  among  other  orders  of  beings,  and 
of  course,  the  precepts  which  particularly 
bear  upon  such  relations  will  be  in  their  cir- 

*  For  more  particular  details  on  this  subject, 
the  reader  is  referred  to  "  The  Philosophy  of  ll©- 
ligion,"  particularly  chap.  ii.  sect.  vi. 
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curastances  altogether  unnecessary.  But  we 
may  rest  assured  that  all  the  particular  pre- 
cepts, applicable  to  whatever  circumstances 
and  relations  may  exist  in  other  regions  of 
creation,  will  be  founded  on  the  universal 
principles  to  which  we  have  adverted,  and  be 
completely  conformable  to  their  spirit,  and  to 
the  benevolent  designs  they  are  intended  to 
accomplish. 

In  all  those  worlds  where  the  love  of  God 
and  of  fellow-intelligences  reigns  supreme,  the 
inhabitants  may  be  conceived  to  make  rapid 
improvements  in  knowledge ;  for  the  malig- 
nant principles  and  passions  which  prevail 
among  men  have,  in  numerous  instances, 
been  the  means  of  retarding  the  progress  of 
useful  science  and  its  diffusion  throughout 
society.  But  where  love  in  all  its  emanations 
pervades  evf.ry  mind,  society  will  unite  and 
harmonize  in  the  prosecution  of  every  plan 
by  which  the  intellectual  faculty  may  be 
irradiated  and  happiness  diffused.  Besides, 
in  such  a  state  of  society,  truth  will  be  for 
ever   triumphant   and    falsehood    unknown. 


Every  fact  will  be  fairly  and  trul>  exhibited 
without  deception  or  the  least  tendency  to 
misrepresentation  or  exaggeration  There 
will  be  the  most  complete  reUance  on  personal 
evidence  in  regard  to  every  fact  and  circum- 
stance which  has  been  witnessed  by  any  in- 
dividuals ;  for  want  of  which  confidence  in 
our  world,  the  rational  inquirer  has  been  per- 
plexed by  the  jarring  statements  of  lying 
travellers  and  pretended  philosophers ;  erro- 
neous theories  have  been  framed,  the  mists  of 
falsehood  have  intercepted  the  light  of  truth, 
the  foundations  of  true  knowledge  under- 
mined, and  science  arrested  in  its  progress 
towards  perfection.  All  such  evils,  however, 
will  be  unknown  in  worlds  where  the  inhabit- 
ants have  arrived  at  moral  perfection. 

In  fine,  from  what  has  been  now  stated, 
we  may  conclude  that  the  spirit,  the  prlri' 
ciphy  and  essence  of  our  holy  religion,  as 
delineateu  in  the  Scriptures,  must  be  common 
to  all  tne  inhabitants  of  the  universe  who 
have  retained  their  primeval  rectitude  and 
innocence. 


CHAPTER  XIX. 

^  Summary  View  of  the  Universe. 


Having  in  the  preceding  pages  afforded  a 
few  sketches  in  reference  to  the  principal 
facts  connected  with  the  sidereal  heavens, 
which  constitute  the  most  extensive  portion 
of  creation  within  the  limits  of  our  know- 
ledge, it  may  not  be  inexpedient  to  take  a 
summary  view  of  the  range  of  objects  to  which 
our  attention  has  been  directed,  in  order  to 
direct  our  occasional  reflections  on  this  sub- 
ject, and  to  enable  us  to  form  an  approximate, 
though  faint  and  limited,  idea  of  that  universe 
over  which  Omnipotence  presides,  and  of  the 
perfections  of  its  adorable  Author. 

We  can  obtain  an  approximate  idea  of  the 
universe  only  by  commencing  a  train  of 
thought  at  those  objects  with  which  we  are 
more  immediately  conversant,  and  ascending 
gradually  to  objects  and  scenes  more  distant 
and  expansive.  We  are  partly  acquainted 
with  the  objects  which  constitute  the  land- 
scape around  us,  of  which  we  form  a  part, — 
the  hills,  the  plains,  the  lofty  mountains,  the 
forests,  the  rivers,  the  lakes,  and  the  portions 
of  the  ocean  that  lie  immediately  adjacent. 
But  all  the  range  of  objects  we  can  behold 
m  an  ordinary  landscape  forms  but  a  very 
small  and  inconsiderable  speck,  compared  with 
the  whole  of  the  mighty  continents  and  islands, 
the  vast  ranges  of  lofty  mountains,  and  the 
expansive  lakes,  seas,  and  oceans  which  con- 
stitute the  surface  of  the  terraqueous  globe. 


It  would  be  requisite  that  more  than  nine 
hundred  thousand  landscapes^  of  the  extent 
we  generally  behold  around  us,  should  be 
made  to  pass  in  review  before,  and  a  suflicient 
time  allowed  to  take  a  distinct  view  of  the 
objects  of  which  they  are  composed,  ere  we 
could  form  an  adequate  conception  of  the 
magnitude  and  the  immense  variety  of  objects 
on  the  whole  earth.  Were  only  twenty  mi- 
nutes allotted  for  the  contemplation  of  every 
landscape,  and  ten  hours  every  day,  it  would 
require  ninety  years  of  constant  observation 
before  all  the  prominent  objects  on  the  surface 
of  the  globe  could  thus  be  surveyed.  Were 
it  possible  to  take  a  distinct  mental  survey  of 
such  a  number  of  landscapes,  we  might  ac- 
quire a  tolerable  conception  of  the  amplitude 
of  our  globe,  and  it  would  serve  as  a  standard 
of  comparison  for  other  globes  which  far  ex- 
cel it  in  magnitude.  But  I  believe  very  few 
persons  are  capable  of  forming,  a/ o?ie  con- 
ception, a  full  and  comprehensive  idea  of  the 
superficial  extent  of  the  world  i.ii  which  we 
dwell,  whose  surface  contains  no  less  than 
one  hundred  and  ninety-seven  millions  of 
square  miles.  The  most  complete  conception 
we  can  form  must  indeed  fall  very  far  short 
of  the  reality. 

But  however  ample  and  correct  our  con- 
ceptions might  be,  and  howt^er  great  thia 
earth  might  appear  in  the  vvcw  of  ihe  frail 


Hosted  by  Google 


114 


SroEREAL  HEAVENS. 


beings  that  inhabit  it,  we  krow  that  it  is  only 
an  inconsiderable  ball,  when  compared  with 
fiome  of  the  planetary  bodies  belonging  to  our 
own  system.  One  of  these  bodies  would  contain 
within  its  dimensions  nine  hundred  globes  as 
large  as  this  earth, — another,  fourteen  hun- 
dred of  similar  globes  ;  and  were  five  hundred 
globes,  as  large  as  that  on  which  we  dwell, 
arranged  on  a  vast  plane,  the  outermost  ring 
of  the  planet  Saturn,  which  is  643,000  miles 
in  circumference,  would  inclose  them  all. 
Such  are  the  vast  dimensions  of  some  of  those 
bodies,  which  appear  only  hke  lucid  specks 
on  the  concave  surface  of  our  sky.  This 
earth,  however,  and  all  the  huge  planets,  satel- 
lites, and  comets,  comprised  within  the  range 
of  the  solar  system,  bear  a  very  small  propor- 
tion to  that  splendid  luminary  which  enlightens 
our  day.  The  sun  is  five  hundred  times 
larger  than  the  whole,  and  would  contain 
within  its  vast  circumference  thirteen  hun- 
dred thousand  globes  as  large  as  our  world, 
and  more  than  sixty  millions  of  globes  of  the 
size  of  the  moon.  To  contemplate  all  the 
variety  of  scenery  on  the  surface  of  this  lumi- 
nary, would  require  more  than  fifty-five 
thousand  years,  although  a  landscape  of  five 
thousand  square  miles  in  extent  were  to  pass 
before  our  eyes  every  hour.  Of  a  globe  of 
such  dimensions,  the  most  vigorous  imagina- 
tion, after  its  boldest  and  most  extensive  ex- 
cursions, can  form  no  adequate  conception. 
It  appears  a  kind  of  universe  in  itself;  and 
ten  thousands  of  years  would  be  requisite  be- 
fore human  beings,  with  their  present  faculties, 
could  thoroughly  investigate  and  explore  its 
vast  dimensions  and  its  hidden  wonders. 

But  great  as  the  sun  and  his  surrounding 
planets  are,  they  dwindle  into  a  point  when 
we  wing  our  flight  towards  the  starry  firma- 
ment. Before  we  could  arrive  at  the  nearest 
object  in  this  firmament,  we  behoved  to  pass 
over  a  space  at  least  twenty  billions  of  miles 
in  extent, — a  space  which  a  cannon  ball,  fly- 
ing with  its  utmost  velocity,  would  not  pass 
over  in  less  than  four  millions  of  years.  Here 
every  eye  in  a  clear  winter's  night  may  be- 
hold about  a  thousand  shining  orbs,  most  of 
them  emitting  their  splendours  from  spaces 
immeasurably  distant;  and  bodies  at  such 
distances  must  necessary  be  of  immense  mag- 
nitude. There  is  reason  to  believe  that  the 
least  twinkling  star  which  our  eyes  can  dis- 
cern is  not  less  than  the  sun  in  magnitude 
and  in  splendour,  and  that  many  of  them  are 
even  a  hundred  or  a  thousand  times  superior 
m  magnitude  to  that  stupendous  luminary. 
But  bodies  of  such  amazing  size  and  splendour 
cannot  be  supposed  to  have  been  created  in 
vain,  or  merely  to  difluse  a  useless  lustre  over 
the  wilds  of  immensity.  Such  an  idea  would 
oe  utterly  inconsistent  with  the  perfections  of 


the  Divinity,  and  all  that  we  know  of  his  cha« 
racter  from  the  revelations  of  his  word.  If 
this  earth  would  have  been  "  created  in  vain** 
had  it  not  been  inhabited,*  so  those  starry 
orbs,  or,  in  other  words,  those  magnificent 
suns  would  likewise  have  been  created  in 
vain,  if  retinues  of  worlds  and  myriads  of  intel- 
ligent beings  were  not  irradiated  and  cheered 
by  their  benign  influence. 

These  thousand  stars,  then,  which  the  un- 
assisted eye  can  perceive  in  the  canopy  of 
heaven,  may  be  considered  as  connected  with 
at  least  fifty  thousand  worlds ;  compared 
with  the  amount  of  whose  population  all  the 
inhabitants  of  our  globe  would  appear  only 
as  "  the  smallest  dust  of  the  balance."  Here 
the  imagination  might  expatiate  for  ages  of 
ages  in  surveying  this  portion  of  the  Creator's 
kingdom,  and  be  lost  in  contemplation  and 
wonder  at  the  vast  extent,  the  magnitude,  the 
magnificence,  and  the  immense  variety  of 
scenes,  objects,  and  movements  which  would 
meet  the  view  in  every  direction ;  for  here  we 
have  presented  to  the  mental  eye,  not  only 
single  suns  and  single  systems,  such  as  that 
to  which  we  belong,  but  suns  revolving  around 
suns,  and  systems  around  systems, — systems 
not  only  double,  but  treble,  quadruple,  and 
multiple,  all  in  complicated  but  harmonious 
motion,  performing  motions  more  rapid  than 
the  swiftest  planets  in  our  system,  though 
some  of  them  move  a  hundred  thousand  miles 
every  hour, — finishing  periods  of  revolution, 
some  in  30,  some  in  300,  and  some  in  1600 
years.  We  behold  suns  of  a  blue  or  green 
lustre  revolving  around  suns  of  a  white  or  a 
ruddy  colour,  and  both  of  them  illuminating 
with  contrasted  coloured  light  the  same  assem- 
blage of  worlds.  And  if  the  various  orders 
of  intelligences  connected  with  these  systems 
were  unveiled,  what  a  scene  of  grandeur, 
magnificence,  variety,  diversity  of  intellect, 
and  of  wonder  and  astonishment,  would  burst 
upon  the  view !  Here  we  might  be  apt  to 
imagine  that  the  whole  glories  of  the  Creator's 
empire  have  been  disclosed,  and  that  we  had 
now  a  prospect  of  universal  nature  in  all  its 
extent  and  grandeur. 

But  although  we  should  have  surveyed  the 
whole  of  this  magnificent  scene,  we  should 
still  find  ourselves  standing  only  on  the  out- 
skirts, or  the  extreme  verge  of  creation. 
What  if  all  the  stars  which  the  unassisted  eye 
can  discern  be  only  a  few  scattered  orbs  on 
the  outskirts  of  a  cluster  immensely  more  nu- 
merous 1  What  if  all  this  scene  of  grandeui 
be  only  as  a  small  lucid  speck  compared  with 
the  whole  extent  of  the  firmament]  There 
is  demonstrative  evidence  from  observation 
that  this  is  in  reality  the  case.  In  one  -ucid 
circle  in  the  heavens,  scarcely  perceptible  on  a 
*  Isaiah  xlv.  18. 
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cursory  view  (vf  the  firmament,  there  are  twen- 
ty thousand  times  more  stars  distinguishable 
by  the  telescope  than  what  the  naked  eye  can 
discern    throughout   the   visible    canopy   of 
heaven.     The  Milky  Way,  were  it  supposed 
to  contain  the  same  number  of  stars  through- 
out its  whole  extent  as  have  been  observed  in 
certain  portions  of  it,  would  comprise  no  less 
than  20,191,000  stars;  and  as  each  of  these 
stars   is  doubtless  a  sun,  if  we  suppose  only 
fifty  planets  or  worlds  connected  with   each, 
we  shall  have  no  less  than  1,009,550,000,  or 
more  than  a  thousand  millions  of  worlds  con- 
tained witiiin  the  space  occupied  by  this  lucid 
zone.     Here  an  idea  is  presented  which  com- 
pletely overpowers  the  human  faculties,  and 
at  which  the  boldest  imagination  must  shrink 
back  at  any  attempts  to  form  an  approximate 
conception.     A  thousand  miUions  of  worlds! 
We  may  state  such  a  fact  in  numbers  or  in 
words,  but  the  brightest  and  most  expansive 
human  intellect  must  utterly  fail  in  grasping 
all  that  is  comprehended  in  this  mighty  idea ; 
and  perhaps  intelligences  possessed  of  powers 
far  superior  to  those  of  man  are  inadequate  to 
form  even  an  approximate  conception  of  such 
9.  stupendous  scene.     Yet  this  scene,  magnifi- 
cent and  overpowering  as  it  is  to  limited  minds 
such  as  ours,  is  not  the  scene  of  the  universe ; 
it  is  only  a  comparatively  insignificant  speck 
in  the  map  of  creation,  which  beings   at  re- 
mote distances  may  be  unable  to  detect  in  the 
canopy  of  their  sky,  or  at  most  will  discern  it 
only  as  an  obscure  point  in  the  furthest   ex- 
tremities of  their  view,  as  we  distinguish  a 
faint  nebulous  star  through  our  best  telescopes. 
Ascending  fi'om  the  Milky  Way  to  the  still 
remoter  regions  of  space,  we  perceive  several 
thousands  of  dim  specks  of  light  which  power- 
ful telescopes  resolve   into  immense  clusters 
of  stars.     These  nebulas,  as  they  are  called, 
may  be  considered  as  so  many  milky  ways, 
and  some  of  them  are  supposed  even  to  "out- 
vie our  Milky  Way  in  grandeur."  Above  three 
thousand  of  these  nebulae  have  been  discovered; 
and  if  only  two  thousand  be  supposed  to  be 
resolvable  into  starry  groups,  and  to  be  as  rich 
in  stars  at  an   average   as  our  Milky  Way, 
then  we    are  presented  with  a  scene  which 
comprises  2000  times  20,191,000,  or  40,382,- 
000,000,  that  is,  more  than  forty  thousand 
millions  of  stars.     And  if  we  suppose,  as  for- 
merly, fifty  planetary  globes  to  be  connected 
with   each,  we   have   exhibited   before  us  a 
prospect  which   includes  2,019,100,000,000, 
or  two  billions,  nineteen  thousand  one  hun- 
dred millions  of  worlds.     Of  such  a  number 
of  bodies  we  can  form  no  distinct  conception, 
and  much  less  can  we  form  even  a  rude  or 
approximate  idea  of  the  grandeur  and  mag- 
nijicence  which  the  whole  of  such  a  scene 
must  display.     Were  we  to  suppose  each  of 


these  bodies  to  pass  in  review  before  us  every 
minute,  it  would  require  more  than  three  mil- 
lions, eight  hundred  and  forty  thousand  years 
of  unremitting  observation  before  the  whole 
could  be  contemplated  even  in  this  rapid  man- 
ner. Were  an  hour's  contemplation  allotted 
to  each,  it  would  require  two  hundred  and 
thirty  millions,  four  hundred  thousand  years 
till  all  the  series  passed  under  review ;  and 
were  we  to  suppose  an  intelligent  being  to 
remain  fifty  years  in  each  world  for  the  pur- 
pose of  taking  a  more  minute  survey  of  its  pe- 
culiar scenery  and  decorations,  100,955,000,- 
000,000,  or  a  hundred  billions,  nine  hundred 
and  fifty-five  thousand  millions  of  years  would 
elapse  before  such  a  survey  could  be  com- 
pleted ;  a  number  of  years  which  to  limited 
minds  seem  to  approximate  to  something  like 
eternity  itself. 

Still,  all  this  countless  assemblage  of  suns 
and  worlds  is  not  the  universe.     Although 
we  could  range  on  the  wings  of  a  seraph 
through  all  this  confluence  of  sidereal  systems, 
it  is  more  than  probable  that  we  should  find 
ourselves  standing  only  on  the  verge  of  crea- 
tion, and  that  a  boundless  prospect,  stretching 
towards  infinity  on  every  side,  would  still  be 
presented  to  view  ;  for  we  cannot  suppose  for 
a  moment  that  the  empire  of  Omnipotence 
terminates  at  the  boundaries  of  human  vision, 
even  when  assisted  by  the  most  powerful  in- 
struments.     Other   intelligences   may   have 
powers  of  vision  capable  of  penetrating  into 
space  a  hundred  times  further  than  ours  when 
assisted  with  all  the  improvements  of  art ;  but 
even  such  beings  cannot  be  supposed  to  have 
penetrated   io   the  uttermost   boundaries  of 
creation.     Man  in  future  ages,  by  the  im- 
provements of  optical   instruments,  may  be 
able  to  penetrate  much  further  into  the  re- 
mote regions  of  space  than   he  has  hitherto 
done,   and   may   descry   myriads   of  objects 
which  have  hitherto  remained  invisible  in  the 
unexplored    regions    of   immensity.      Ever 
since  the  invention  of  the  telescope,  one  dis- 
covery has  followed  another  in  almost  regular 
succession.     In   proportion   to   the  increase 
and  activity  of  astronomical  observers,  and 
the  improvement  of  the  instruments  of  observa- 
tion, the  more  remote  spaces  of  creation  have 
been  explored,  and  new  scenes  of  the  universe 
laid  open  to  human  contemplation.    And  who 
shall  set  boundaries  to  the  improvements  and 
discoveries  of  future  and   more  enlightened 
generations?     Before   the   invention  of  the 
telescope,  it  would  have  been  foofish  to  have 
asserted  that  no  more  stars  existed  than  those 
which  were  visible  to  the  naked  eye ;  and 
after  Galileo   had  discovered  with  his  first 
telescope  hundreds  of  stars  which  were  pre- 
viously unknown,  it  would  have  been  equally 
absurd  to  have  maintained  that  the  telescope 
(669) 
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would  never  be  further  improved,  and  that  no 
additional  stars  would  afterwards  be  dis- 
covered. It  would  be  a  position  equally  un- 
tenable to  maintain,  that  we  shall  never  be 
able  to  descry  objects  in  the  heavens  beyond 
the  boundaries  which  we  have  hitherto  ex- 
plored, since  science  has  only  lately  com- 
menced its  rapid  progress,  and  since  man  is 
iittle  more  than  just  beginning  to  employ  his 
powers  in  such  investigations. 

But  however  extensive  may  be  the  dis- 
coveries of  future  ages,  we  may  lay  it  down 
as  an  axiom,  that  neither  man  nor  any  other 
rank  of  finite  beings  will  ever  be  able  to  pene- 
trate to  the  further  boundaries  of  the  creation. 
It  would  be  presumptuous  to  suppose  that  a 
being  like  man, — whose  stature  is  compre- 
hended within  the  extent  of  two  yards,  who 
vanishes  from  the  sight  at  the  distance  of  a 
German  mile,  whose  whole  habitation  sinks 
into  an  invisible  point  at  the  distance  of 
Jupiter,  who  resides  on  one  of  the  smallest 
class  of  bodies  in  the  universe,  and  whose 
powers  of  vision  and  of  intellect  are  so  limited, 
— should  be  able  to  extend  his  views  to  the 
extreme  limits  of  the  empire  of  the  Eternal, 
and  to  descry  all  the  systems  which  are  dis- 
persed throughout  the  range  of  infinitude.  It 
is  more  reasonable  to  believe  that  ail  that  has 
yet  been  discovered  of  the  operations  of 
Omnipotence  that  lie  within  the  boundaries 
of  human  vision,  is  but  a  very  small  portion 
of  what  actually  exists  within  the  limits  of 
creation ;  that  the  two  billions  and  nineteen 
thousand  millions  of  worlds  which  we  have 
assumed  as  the  scene  of  the  visible  universe, 
are  only  as  a  single  star  to  the  whole  visible 
firmament,  or  even  as  a  single  grain  of  sand 
to  all  the  myriads  of  particles  which  cover  the 
sea-shores  and  the  bed  of  the  ocean,  when 
compared  with  what  lies  beyond  the  utmost 
range  of  mortal  vision  ;  for  who  can  set  bounds 
to  infinitude,  or  to  the  operations  of  Him 
whose  power  is  omnipotent,  "  whose  ways  are 
unsearchable,"  and  "  whose  understanding  is 
infinite  I"  All  that  we  have  yet  discovered 
of  creative  existence,  vast  and  magnificent  as 
it  appears,  may  be  only  a  small  comer  of 
some  mightier  scheme  which  stretches  through- 
out the  length  and  breadth  of  immensity, — 
of  which  the  highest  created  intellect  may 
have  only  a  few  faint  glimpses,  which  will  be 
gradually  opening  to  view  throughout  the 
revolutions  of  eternity,  and  which  will  never 
be  fully  explored  during  all  the  periods  of  an 
interminable  existence.  What  is  seen  and 
known  of  creation  may  be  as  nothing  com- 
pared with  what  is  unseen  and  unknown; 
sand  as  the  ages  of  eternity  roll  on,  the  em- 
pire of  the  Almighty  may  be  gradually  ex- 
panding in  its  extent,  and  receiving  new  addi- 
tions to  its  glory  and  magnificence. 
/670) 


Hence  we  may  conclude  that  there  is  m. 
created  being,  even  of  the  highest  order  of  in- 
telligences, that  will  ever  be  able  to  survey 
the  whole  scene  o^  the  universe.  0  f  course, 
man,  though  destined  to  immortality,  will 
never  acquire  a  complete  knowledge  of  the 
whole  range  of  tlie  Creator's  operations,  even 
during  the  endless  existence  which  lies  be« 
fore  him ;  for  his  faculties,  however  much  ex- 
panded in  that  state,  will  be  utterly  inadequate 
to  grasp  a  scene  so  boundless  and  august.  It 
will  be  a  part  of  his  hapj)iness  that  he  will 
never  be  able  to  comprehend  the  universe; 
for  at  every  period  of  his  future  existence  he 
will  still  behold  a  boundless  prospect  stretched 
out  before  him,  with  new  objects  continually 
rising  to  view,  in  the  contemplation  of  which, 
innumerable  ages  may  roll  away  without  the 
least  apprehension  of  ever  arriving  at  the 
termination  of  the  scene.  Were  a  superior 
intelligence  ever  to  arrive  at  such  a  point, 
from  that  moment  his  happiness  would  be 
diminished,  his  intellectual  powers  would 
lose  their  energy,  his  love  and  adorations  of 
the  Supreme  would  wax  faint  and  languid, 
and  he  would  feel  as  if  nothing  new  and 
transporting  were  to  be  added  to  his  enjoy- 
ments throughout  all  the  periods  of  his  future 
existence.  But  the  immensity  of  the  universe, 
and  the  boundless  nature  of  the  dominions  of 
"the  King  Eternal,"  will  for  ever  prevent 
any  such  effects  from  being  produced  in  the 
case  of  all  virtuous  and  holy  intelligences. 

Besides  the  numerous  bodies  to  which  we 
have  above  alluded,  there  are  several  othei 
objects  which  require  to  be  contemplated,  in 
order  to  amplify  our  views  of  the  visible  uni- 
verse. Those  nebulous  specks  in  the  remote 
regions  of  the  heavens  termed  planetary 
nehluse  have  never  yet  been  resolved  into 
stars,  and  are  in  all  probability  bodies  of  a 
different  nature  from  the  Milky  Way  and  other 
sidereal  systems.  Their  magnitude  is  astonish- 
ing, since  some  of  them  would  fill  a  cubical 
space  equal  to  the  diameter  of  the  orbit  of 
Uranus,  which  would  contain  24,000,000, 
000,000,000,000,000,000,000,  or  twenty-four 
thousand  quartillions  of  solid  miles ;  that  is, 
they  are  sixty-eight  thousand  millions  of  times 
larger  than  the  sun.  Such  bodies  present  to 
our  view  magnitudes  more  astonishing  than 
any  others  to  be  found  within  the  range  of 
the  visible  creation,  and  overwhelm  the  mind 
with  wonder  and  amazement  at  what  caii 
possibly  be  their  nature  and  destination, 
Several  other  nebulse  are  no  less  wonderfiil 
such  as  that  in  the  constellation  of  Orion 
which  even  surpasses  in  magnitude  the  di 
mensions  now  stated.  It  has  been  computed 
to  be  2,200,000,000,000,000,000,  or  two 
trillions,  two  hundred  thousand  billions  of 
times   larger   than    the  sun,  —  a  magnilud® 
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which  we  can  scarcely  suppose  within  the 
power  of  any  finite  being  to  grasp  oi  to  com- 
prehend. For  what  end  such  huge  masses 
of  matter  were  created  must  remain  a  mystery 
to  mortals  so  long  as  they  are  confined  to  this 
sublunary  scene.  Perhaps  they  are  intended 
to  give  us  a  glimpse  of  objects  and  arrange- 
ments in  the  Divine  economy  altogether  dif- 
ferent from  those  we  perceive  in  the  planetary 
system,  and  in  the  other  parts  of  the  sidereal 
heavens.  But  whatever  may  be  their  ulti- 
mate destination,  we  may  rest  assured  that 
they  serve  a  purpose  in  the  plan  of  the  Di- 
vine administration  worthy  of  their  magni- 
tude, and  of  the  perfections  of  Him  by  whom 
they  were  created.  They  were  brought  into 
existence  by  the  same  power  which  reared 
the  other  parts  of  creation  ;  and  as  power  is 
always  accompanied  with  wisdom  and  good- 
ness, they  must  have  an  ultimate  reference 
to  the  accommodation  and  happiness  of 
rational  beings,  under  an  economy,  perhaps 
widely  different  from  that  of  the  planetary 
and  other  systems. 

Having  taken  a  cursory  view  of  the  mag- 
nitudes of  the  numberless  bodies  scattered 
through  the  regions  of  space,  let  us  now  con- 
sider the  motions  which  are  incessantly  going 
forward  in  every  part  of  the  universe ;  for  all 
the  myriads  of  globes  and  systems  to  which 
we  have  alluded  are  in  rapid  and  perpetual 
motion ;  and  we  have  no  reason  to  believe 
that  there  is  a  single  quiescent  body  through- 
out the  immensity  of  creation.  We  have  here 
planets  revolving  around  suns,  planets  revolv- 
ing around  planets,  suns  performing  their 
revolutions  around  suns,  suns  revolving  around 
the  centres  of  sidereal  systems,  and,  in  all 
probability,  every  system  of  creation  revolving 
round  the  centre  and  Grand  Mover  of  the 
whole.  The  rate  of  these  motions,  in  every 
known  instance,  is  not  less  than  several 
thousands  of  miles  every  hour,  and  in  many 
instances,  thousands  of  miles  in  a  minute. 
The  motions  which  are  found  among  the 
planetary  globes  appear,  at  first  view,  alto- 
gether astonishing,  and  almost  to  exceed  be- 
lief, when  we  consider  the  enormous  size  of 
some  of  these  bodies.  That  a  globe  a  thou- 
sand times  larger  than  our  world  should  fly 
at  the  rate  of  thirty  thousand  miles  an  hour, 
and  carry  along  with  it  a  retinue  of  other 
mighty  globes  in  its  swift  career,  is  an  object 
that  may  well  strike  us  with  wonder  and 
amazement.  But  the  fixed  stars — though  to 
a  common  observer  they  appear  exactly  in 
the  same  positions  with  regard  to  each  other — 
are  found,  in  some  instances,  to  be  carried 
forward  with  motions  far  more  rapid  than 
even  the  bodies  of  the  planetary  system, 
though  their  magnitude  is  immensely  superior. 
We  have  already  seen  that  the  star  61  Cygni, 


whose  apparent  motion  is  five  seconds  annu- 
ally, and  consequently  imperceptible  to  a 
common  observer,  yet  at  the  distance  at  which 
the  star  is  known  to  be  placed,  this  motion  is 
equivalent  to  one  thousand  five  hundred  and 
fifty-two  millions  of  miles  in  a  year ;  four 
millions,  two  hundred  and  fifty-two  thousand 
miles  a  day,  and  one  hundred  and  seventy- 
seven  thousand  miles  an  hour.  Other  stars 
are  found  to  move  with  velocities  nearly 
similar,  as  ^t  Cassiopeia,  which  moves  above 
three  millions  of  miles  a  day,  which  is  at  the 
rate  of  two  thousand  one  hundred  and  sixty 
miles  every  minute.  These  are  motions  alto>- 
gether  incomprehensible  by  human  beings, 
especially  when  we  take  into  consideration 
the  enormous  magnitude  of  the  stars,  some 
of  which  may  be  a  thousand  times  larger  than 
all  the  planets  and  comets  belonging  to  our 
system.  They  display  the  amazhig  and  un- 
controllable   ENERGIES      OF     OMNIPOTENCE, 

and  afford  a  distinct  source  of  admiration  and 
astonishment  in  addition  to  all  the  other 
wonders  of  the  universe.  If,  then,  we  would 
endeavour  to  attain  a  comprehensive  idea  of 
the  motions  going  forward  throughout  the 
spaces  of  immensity,  we  must  not  only  con- 
ceive of  planets  revolving  around  luminous 
centres,  but  of  suns  revolving  around  suns, — 
of  suns  and  systems  revolving  around  the 
centres  of  the  nebul©  to  which  they  respect- 
ively belong, — of  all  the  systems  and  nebulae 
of  the  universe  revolving  in  immense  circum- 
ferences around  the  throne  of  the  Eternal,  the 
great  centre  of  all  worlds  and  beings, — of 
each  sun,  and  planet,  and  system,  notwith- 
standing, pursuing  a  course  of  its  own  in  dif- 
ferent directions,  and  in  numerous  instances 
acted  upon  by  different  forces, — in  short,  of 
the  ten  thousand  times  ten  thousands  of 
luminous  and  opaque  globes,  of  every  rank 
and  order,  within  the  circuit  of  creation, — all 
performing  their  rapid  but  harmonious  mo- 
tions throughout  every  region  of  space,  and 
without  intermission,  in  obedience  to  the  laws 
of  their  Creator. 

Again,  we  cannot  be  supposed  to  have  at- 
tained a  comprehensive  conception  of  the  uni- 
verse, without  taking  into  account  the  sensi 
tive  and  intellectual  beings  with  whicli  it  is 
replenished.  We  ought  never  to  consider  the 
numerous  orbs  revolving  throughout  infinite 
space  as  mere  masses  of  rude  matter,  arrar;  ged 
into  systems  merely  to  give  a  display  of  Al- 
mighty Power,  but  as  means  for  accomjthsh- 
ing  a  higher  and  nobler  end,— 'the  ditfusion 
of  happiness  among  countless  orders  jf  intelli- 
gent existence.  And  as  this  idea  must  ne- 
cessarily be  admitted,  what  a  countless  multi- 
tude of  percipient  beings  must  people  the  am- 
plitudes of  creation !  On  our  globe  there  are 
supported  at  least  800  millions  of  human  b# 
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ings ;  but  it  is  capable  of  supporting  twenty 
times  that  number,  or  sixteen  thousand  mil- 
lions, if  all  its  desolate  wastes  were  cultivated 
and  peopled.  Besides  man,  there  are  nume- 
rous orders  of  other  sensitive  beings ;  there 
are  at  least  500  species  of  quadrupeds,  4000 
species  of  birds,  3000  species  of  fish,  700  spe- 
cies of  reptiles,  50,000  species  of  insects  be- 
sides thousands  which  the  microscope  alone 
can  enable  us  to  perceive — at  least  sixty  thou- 
sand species  in  all.  If  every  species  contain 
about  500  millions  of  individuals,  then  there 
will  be  no  less  than  30,000,000,000,000,  or 
thirty  billions  of  individuals  belonging  to  all 
the  different  classes  of  sensitive  existence  on 
the  surface  of  our  globe. 

If  this  earth,  then,  which  ranks  among  the 
smaller  globes  of  our  system,  contain  such  an 
immense  number  of  living  beings,  what  must 
be  the  number  of  sentient  and  intellectual 
existence  in  all  the  worlds  to  which  we  have 
alluded  !  We  assumed,  on  certain  data,  that 
2,019,1000,000,000,  or  two  billions  of  worlds, 
may  exist  within  the  bounds  of  the  visible 
universe ;  and,  although  no  more  beings 
should  exist  in  each  world,  at  an  average,  than 
on  our  globe,  there  would  be  the  following  num- 
ber of  living  inhabitants  in  these  worlds,  60,- 
573,000,000,000,000,000,000,000;  that  is,  six- 
ty quartillions,  five  hundred  and  seventy-three 
thousand  trillions,  a  number  which  transcends 
human  conception.  Among  such  a  number 
of  beings,  what  a  variety  of  orders  may  exist, 
from  the  archangel  and  the  seraph  to  the  worm 
and  the  microscopic  animalculum !  What  a 
diversity  of  ranks  in  the  intellectual  scale, 
from  the  point  of  the  human  faculties  to  the 
highest  order  of  created  beings,  maybe  found 
throughout  this  immensity  of  existence !  Some, 
perhaps,  invested  with  faculties  as  far  surpass- 
ing those  of  man  as  man  surpasses  in  intellec- 
tual energy  the  worms  of  the  dust,  and  still  ap- 
proximating nearer  and  nearer  to  the  Deity. 
What  a  variety  may  exist  among  them  in  the 
form,  organization,  senses,  and  the  movements 
of  their  corporeal  vehicles !  What  a  wonder- 
ful and  interesting  scene  would  their  history 
disclose,  were  the  whole  series  of  events  in 
the  Divine  administration  towards  them  laid 
open  to  our  view ! — the  different  periods  in 
duration  at  which  they  were  brought  into  ex- 
istence ;  the  special  laws  of  social  and  moral 
order  peculiar  to  each  class  of  intelligences ; 
the  modes  of  improving  the  intellect,  and  the 
progress  they  have  made  in  universal  know- 
ledge;  the  scenes  of  glory  or  of  terror  through 
which  any  particular  classes  of  beings  might 
have  passed;  the  changes  and  revolutions 
that  may  await  them ;  and  the  final  destina- 
tion to  which  they  are  appointed.  These  and 
numerous  other  circumstances  connected  with 
the  moral  and  intellectual  universe  open  to 
(672) 


view  a  source  of  knowledge,  and  a  subject  of 
sublime  investigation,  which  superior  intellects 
might  prosecute  without  intermission,  with 
increasing  admiration  and  rapture,  and  never 
arrive  at  the  termination  of  their  pursuits  dur- 
ing all  the  periods  of  an  endless  existence. 

Such  is  a  summary  view  of  the  universe,  in 
so  far  as  its  scenes  He  open  to  our  knowledge 
and  investigation.  The  idea  it  presents  is 
altogether  overpowering  to  the  human  facul- 
ties, but  it  is  nothing  else  than  what  we  should 
naturally  expect,  when  we  consider  that  the 
Being  who  formed  it  is  self-existent  and  eter- 
nal; possessed  of  infinite  wisdom,  almighty 
power,  and  boundless  goodness ;  and  fills  the 
infinity  of  space  with  his  presence.  It  is  like 
himself,  boundless,  and  incomprehensible  by 
finite  minds ;  but  exhibits  to  €very  order  of 
iotelligent  beings  a  sensible  display  of  "  His 
Eternal  Power  and  Godhead."  Without  the 
existence  of  such  a  universe,  the  infinite  at- 
tributes of  the  Almighty  could  not  be  fully 
recognized  and  appreciated  by  his  intelligent 
offspring.  But  here  we  behold,  as  in  a  mir- 
ror, the  invisible  perfections  of  the  Divinity, 
"  whom  no  man  hath  seen  or  can  see,"  adum- 
brated, as  it  were,  and  rendered  visible,  in 
every  part  of  creation,  to  the  eyes  of  unnum- 
bered intelligences ;  for  there  is  no  point  of 
space  in  which  a  rational  being  could  be 
placed,  in  which  he  would  not  find  himself 
surrounded  with  sensible  evidences  and  dis- 
plays of  the  operations  of  an  all-wise,  an  all- 
poweiful,  and  incomprehensible  Deity.  "  He 
has  not  left  himself  without  a  witness"  to  his 
existence,  and  his  incessant  energies,  in  any 
parts  of  his  dominions,  or  to  any  order  of  his 
creatures,  wherever  existing.  "If  we  should 
ascend  to  heaven,  he  is  there."  If  we  should 
descend  to  the  lower  regions,  he  is  there  also 
to  be  seen  in  his  operations. — "  If  we  take  the 
wings  of  the  morning,"  and  fly  along  with 
the  sun  from  east  to  west,  and  continue  our 
course  without  intermission  through  regions 
of  space  invisible  to  mortal  eye,  "  even  there 
his  hand  would  lead  us,  and  his  right  hand 
uphold  us."  "  Darkness,"  unfolds  the  gran- 
deur of  his  operations  and  the  glories  of  his 
nature,  as  well  as  the  "  light"  of  the  orb  of 
day.  Though,  on  the  wings  of  a  seraph  wc 
could  fly  in  every  direction  through  boundless 
space,  we  should  every  where  find  ourselves 
encompassed  with  his  immensity,  and  with 
the  manifestations  of  his  presence  and  agency. 
Of  such  a  Being,  and  of  the  universe  he  has 
formed,  we  may  exclaim  in  the  language  of 
an  inspired  writer — -<*  O  the  depth  of  the  riches 
both  of  the  wisdom  and  of  the  knowledge  of 
God  !  How  unsearchable  are  his  operations, 
and  his  ways  past  finding  out !" 

Of  this  universe  we  can  only  form  an  ap- 
proximate ide^  by  comparing  one  small  po? 
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tlon  of  it  with  another,  and  by  allowing  the 
mind  to  dwell  for  a  considerable  time  on  every 
scene  we  contemplate.  We  must  first  en- 
deavour to  acquire  a  comprehensive  concep- 
tion of  the  magnitude  of  the  globe  on  which 
we  dwell,  and  the  numerous  diversity  of  ob- 
jects it  contains ;  we  must  next  stretch  our 
view  to  some  of  the  planetary  globes,  which 
are  a  thousand  times  greater  in  magnitude ; 
and  to  such  an  orb  as  the  sun,  which  fills  a 
space  thirteen  hundred  thousand  times  more 
expansive.  Ranging  through  the  whole  of 
the  planetary  system,  we  must  fix  our  atten- 
tion on  every  particulai  scene  and  object, 
imagine  ourselves  traversing  the  hills,  and 
plains,  and  immense  regions  of  Jupiter, 
and  surveying  the  expansive  rings  of  Saturn 
in  all  their  vast  dimensions  and  rapid  motions, 
till  we  have  obtained  the  most  ample  idea 
which  the  mind  can  possibly  grasp  of  the  ex- 
tent and  grandeur  of  the  planetary  system. 
Leaving  this  vast  system,  and  proceeding 
through  boundless  space  till  all  its  planets 
have  entirely  disappeared,  and  its  sun  has 
dwindled  to  the  size  of  a,  small  twinkling  star, 
we  must  next  survey  the  thousand  stars  that 
deck  the  visible  firmament,  every  one  of  which 
must  be  considered  as  a  svn,  accompanied 
with  a  system  of  planets  no  less  spacious  and 
august  than  ours.  Continuing  our  course 
through  depths  of  space  immeasurable  by  hu- 
man art,  we  must  penetrate  into  the  centre  of 
the  Milky  Way,  where  we  are  surrounded  by 
suns,  not  only  in  thousands,  but  in  millions. 
Here  the  imagination  must  be  left  for  a  length 
of  time,  to  expatiate  in  this  amazing  and  mag- 
nificent scene,  and  try  if  it  can  form  any  faint 
idea  of  twenty  millions  of  suns,  surrounded 
with  a  thousand  millions  of  planets.  Suppose 
one  of  these  bodies  to  pass  before  the  eye  or 
the  imagination  every  minute,  it  would  re- 
quire 1900  years  before  the  whole  could  pass 
in  review,  and  each  produce  a  distinct  impres- 
sion as  a  separate  object. 

In  a  scene  like  this,  the  boldest  imagina- 
tion is  overpowered  and  bewildered,  amidst 
number  and  magnitude,  and  feels  utterly  in- 
competent to  grasp  the  ten  thousandth  part 
of  the  overwhelming  idea  presented  before  it. 
Winging  our  flight  from  the  Milky  Way,  over 
unknown  and  immeasurable  regions,  regions 
where  infinitude  appears  opening  upon  us  in 
ftwful  grandeur,  we  approach  some  of  those 
immense  starry  clusters  called  Nekul^, 
every  one  of  which  may  be  considered  as 
another  milky  way,  with  its  ten  thousands 
and  millions  of  suns.  Here  the  imagination 
must  make  a  solemn  pause,  and  take  a  wider 
stretch,  and  summon  up  all  its  powers,  and 
force,  and  vigour ;  for  here  we  have  not 
merely  one  milky  way,  with  its  miUions  of 
•tars,  to  contemplate,  but  thousands.  If  the 
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immense  splendour  and  amplitude  of  one 
milky  way  overwhelms  us  with  amazement, 
and  with  an  emotion  almost  approaching  to 
terror,  what  an  overpowering  eifect  should 
two  thousand  of  such  scenes,  which  have 
already  been  discovered,  produce  upon  minds 
so  feeble  and  limited  as  ours  !  Such  a  scena 
not  only  displays  to  us,  beyond  every  other, 
the  incomprehensible  energies  of  Omnipo' 
tence^  but  seems  to  intimate  that  there  arc 
created  beings  existing  in  the  universe,  en- 
dowed with  powers  of  intelligence  capable  of 
forming  a  much  more  approximate  idea  of 
such  objects  than  beings  such  as  man,  who 
may  be  considered  as  standing  near  the  lowest 
point  of  the  scale  of  intellectual  existence. 
These  "  thrones  and  dominions,  principalitiea 
and  powers  of  Heaven,"  may  be  able  to  form 
a  comprehensive  conception  of  such  a  scene 
as  the  Milky  W"ay,  which  baffles  the  utmost 
efforts  of  the  human  faculties. 

Soaring  beyond  all  these  objects,  we  behold, 
as  it  were,  a  new  universe  in  the  immense 
magnitude  of  the  planetary  and  other  nebulse, 
where  separate  stars  have  never  been  per- 
ceived; and  besides  all  these,  there  may  be 
thousands  and  ten  thousands,  and  millions  of 
opaque  globes  of  prodigious  size,  existing 
throughout  every  region  of  the  universe,  and 
even  in  that  portion  of  it  which  is  within  the 
limits  of  our  inspection,  the  faintness  of  whose 
light  prevents  it  from  ever  reaching  our  eyes. 
But,  far  beyond  all  such  objects  as  those  we 
have  been  contemplating,  a  boundless  region 
exists,  of  which  no  human  eye  has  yet  caught 
a  glimpse,  and  which  no  finite  intelligence 
has  ever  explored.  What  scenes  of  power, 
of  goodness,  of  grandeur,  and  magnificence, 
may  be  displayed  within  this  unapproachable 
and  infinite  expanse,  neither  men  nor  angels 
can  describe,  nor  form  the  most  rude  concep- 
tion. But  we  may  rest  assured  that  it  is  not 
an  empty  void;  but  displays  the  attributes  of 
the  Deity  in  a  manner  no  less  admirable  and 
glorious,  and  perhaps  much  more  so,  than  all 
the  scenes  of  creation  within  the  range  of  our 
vision.  Here,  undoubtedly,  is  that  splendid 
region  so  frequently  alluded  to  in  the  Scrip- 
tures, designated  by  the  emphatic  name, 
*'  The  Heaven  of  Heavens,"  evidently  im- 
porting that  it  is  the  most  glorious  and  mag- 
nificent department  of  creation.  Countles« 
myriads  of  beings,  standing  at  the  highest 
point  of  the  scale  of  intellect,  and  invested- 
with  faculties  of  which  we  have  no  concep-- 
tion,  must  inhabit  those  regions ;  for  we  are 
positively  informed  that  "  hosts  of  intelligent', 
beings  reside  in  such  abodes,  and  that  "  thes0= 
hosts  of  the  heaven  of  heavens  worship  God.**" 
But  here  our  contemplations  must  terminate^ 
Here  imagination  must  drop  its  wing,  since  it' 
can  penet'-'ite  no  further  into  the  domiiAli?nji 
3  L  (073^ 
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of  Him  who  sits  on  the  throne  of  immensity. 
Overwliehned  with  a  view  of  the  magnificence 
9f  the  universe,  and  of  tlie  perfections  of  its 
Almighty  Author,  we  can  only  fall  prostrate 
in  deep  humility  and  adoration,  and  exclaim, 
"  Great  and  marvellous  are  thy  works,  Lord 
God  Almighty  !  Thou  art  worthy  to  receive 
g-lory,  and  honour,  and  power;  for  thou  hast 
created  all  worlds,  and  for  thy  pleasure  they 
are  and  were  created." 

I  shall  conclude  this  subject  with  the  fol- 
lowing remarks  : 

L  All  the  vast  systems  to  which  we  have 
alluded  are  the  workmanship  of  an  Infinite 
and  Eternal  Being,  and  display  the  grandeur 
of  his  perfections.  It  is  impossible  that  such 
an  amazing  universe,  arranged  with  such  ex- 
quisite order,  and  all  the  bodies  it  contains 
moving  with  such  regular  and  rapid  motions, 
could  have  formed  itself,  or  been  produced  by 
the  fortuitous  concourse  of  atoms.  The  very 
surmise  that  such'  a  thing  was  possible  is  one 
of  the  wildest  hallucinations  that  ever  entered 
the  human  mind.  It  is  a  first  principle  con- 
nected with  the  constitution  of  every  intel- 
lectual nature,  and  without  the  admission  of 
which  there  can  be  no  reasoning,  that  there 
is  "  a  connexion  between  cause  and  effect," 
and  that  "every  effect  must  have  a  corres- 
ponding cause  adequate  to  its  production." 
The  universe  is  an  effect,  the  most  sublime 
and  glorious  which  the  human  mind  can  con- 
template, and  the  natural  and  necessary  con- 
elusion  which  it  almost  instinctively  draws  is, 
that  it  is  the  production  of  an  Eternal,  Intel- 
%ent,  and  Almighty  Being.  This  is  a  con- 
clusion which  has  been  deduced  by  men  of 
all  nations,  and  in  every  period  of  the  world. 
*'  There  is  no  nation  or  people,"  says  Cicero, 
"  so  barbarous  and  ignorant  as  not  to  acknow- 
ledge a  powerful  and  Supreme  Divinity." 

It  is  as  natural  for  the  human  understand- 
ing, in  its  original  and  unbiassed  state,  when 
contemplating  the  frame  of  the  universe,  to 
infer  the  existence  of  a  Deity,  as  it  is  the  pro- 
perty of  the  eye  to  distinguish  light  and 
colours,  and  of  the  ear  to  distinguish  sounds. 
The  principle  from  which  this  conclusion  is 
deduced  is  exactly  the  same  as  that  by  which, 
from  the  contemplation  of  a  building,  we  infer 
a  builder,  and  from  the  elegance  and  utility 
of  every  part  of  the  structure,  we  conclude 
that  he  was  a  wise  and  skilful  architect;  or 
that  by  which,  from  an  inspection  of  a  clock 
or  watch,  or  any  other  piece  of  useful  ma- 
chinery, we  infer  not  only  the  existence,  but 
the  qualities  and  attributes,  of  the  contriver 
and  artificer.  The  man  who  is  incapable  of 
-at  once  deducing  such  conclusions  ought  to 
tbe  regarded  as  destitute  of  the  reasoning 
'faculty  ;  and  if  we  thus  necessarily  infer  the 
t<»U8e  from  the  effect  in  the  case  of  human 


art,  can  we  for  a  moment  hesitate  to  ascribs 
the  production  of  this  amazing  universe  whicft 
surrounds  us,  to  a  Being  of  infinite  know- 
ledge, wisdom,  and  power,  adequate  to  bring 
into  existence  such  an  immense  and  wonder- 
ful machine,  and  to  preserve  it  in  harmony, 
from  age  to  age,  amidst  all  its  diversified  and 
complicated  movements  1  That  ever  a  doub^ 
was  entertained  on  this  subject  is  a  plain 
proof  that  man  has  lost,  in  part,  that  light  of 
reason  and  intelligence  with  which  he  was 
originally  endued,  or  that  he  is  sometimes 
urged  on  by  depraved  passions  and  a  pride  of 
singularity  to  utter  sentiments  which  he  does 
not  sincerely  believe.  As  Cicero  long  ago 
declared — "  He  who  thinks  that  the  admirable 
order  of  the  celestial  orbs,  and  their  constancy 
and  regularity,  on  which  the  conservation  and 
good  of  all  things  depend,  to  be  void  of  a  mind 
that  governs  them,  he  himself  deserves  to  be 
accounted  void  of  a  mind."  It  is  "  the  fool'^ 
alone,  in  the  strictest  sense  of  the  word,  what- 
ever may  be  his  pretended  learning,  who 
dares  to  declare  "  there  is  no  God." 

And  as  the  universe  demonstrates  the  ex- 
iste?ice,  so  it  displays  the  attributes  of  the 
Eternal.  The  manifestation  of  himself  to 
numberless  orders  of  intelligent  beings  must 
have  been  the  great  end  intended  in  bringing 
the  universe  into  existence.  This  manifesta- 
tion is  made  chiefly  in  actions — in  actions 
which  display  greatness,  wisdom,  and  good- 
ness, beyond  all  bounds.  His  greatness  ap- 
pears from  the  immensity  oi'poiver  which  the 
universe  exhibits.  The  power  necessary  to 
move  a  single  planet  in  its  course  far  tran- 
scends human  conception.  What,  then,  must 
be  the  energy  and  extent  of  that  power  which 
set  in  motion  and  still  upholds  all  the  planets, 
worlds,  and  systems  dispersed  throughout  the 
spaces  of  infinitude !  The  highest  created 
intelligence  must  be  utterly  overwhelmed  and 
confounded  when  it  attempts  to  contemplate 
or  to  grasp  an  idea  of  omnipotence.  His 
knowledge,  wisdom,  and  unceasing  agency 
are  no  less  conspicuous  in  the  arrangement 
and  direction  of  every  thing  that  exists  in 
heaven  and  on  earth.  As  his  presence  per- 
vades all  space,  so  his  agency  is  displayed  in 
the  minutest  movement  of  eveiy  part  of  the 
vast  whole.  This  great  and  incomprehensi 
ble  Being  moves  every  atom,  expands  every 
leaf  of  the  forest,  decks  every  flower,  conveys 
the  sap  through  the  ramifications  of  every 
tree,  conducts  every  particle  of  vapour  to  its 
appointed  place,  directs  every  ray  of  light 
from  the  sun  and  stars,  every  breath  of  wind, 
every  flash  of  lightning,  every  movement  of 
the  meanest  worm,  and  every  motion  of  the 
smallest  microscopic  animalculum;  while  at 
the  same  time  he  supports  the  planets  in  thei? 
courses,  guides   the   comet   in   its  eccentrk 
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career,  regulates  the  movements  of  millions 
of  resplendent  systems,  and  presides  in  sove- 
reign authority  over  unnumbered  hosts  of  in- 
telligent existence;  directing  all  the  myste- 
rious powers  of  knowledge,  virtue,  and  moral 
action  to  subserve  the  purposes  of  his  will, 
and  accomplish  the  ends  of  his  moral  govern- 
ment. In  every  department  of  this  universe, 
likewise,  his  goodness  is  displayed  to  unnum^ 
bered  orders  of  beings,  sentient  and  intellec- 
tual; for  all  the  powers  of  intelligence  and 
action  possessed  by  every  creature  in  heaven 
and  on  earth,  from  the  archangel  to  the  worm, 
and  all  the  happiness  they  now  or  ever  will 
enjoy,  are  derived  from  him  as  the  uncreated 
source  of  all  felicity. 

Under  this  glorious  and  stupendous  Being 
we  live  and  move ;  our  comforts  and  enjoy- 
ments, while  passing  through  this  transitory 
scene,  are  wholly  in  his  hands,  and  all  our 
prospects  of  enjoyment  beyond  the  range  of 
our  earthly  career  are  dependent  on  his  mercy 
and  favour.  His  omnipotent  arm  supports 
us  every  moment;  every  breath  we  draw, 
every  pulse  that  beats  within  us,  every  mus- 
cular power  we  exert,  every  sound  that  strikes 
our  ears,  and  every  ray  of  light  that  enters 
our  eye-balls,  is  dependent  on  his  sovereign 
will.  All  that  we  hope  for  beyond  the  limits 
of  time  and  throughout  the  revolution  of  eter- 
nity depends  upon  his  pov/er,  his  wisdom,  his 
benevolence  and  his  promises.  Were  he  to 
withhold  the  powers  and  agencies  under  which 
we  now  live  and  act,  we  could  neither  think 
nor  speak,  hear  nor  see,  feel  nor  move ;  the 
whole  assemblage  of  living  beings  in  our 
world  would  be  changed  into  immovable 
statues,  and  this  earth  transformed  into  a  bar- 
ren waste  and  an  eternal  solitude.  To  the 
service  of  this  glorious  Being  all  the  powers 
and  faculties  with  which  he  has  endowed  us 
ought  to  be  unreservedly  consecrated.  As 
his  highest  glory  and  blessedness  consist  in 
bestowing  benefits  on  his  intelligent  offspring, 
so  we  ought  to  be  imitators  of  him  in  his 
boundless  beneficence,  by  endeavouring  to 
communicate  happiness  to  all  around  us.  "  To 
do  good,  and  to  communicate,  forget  not;  for 
with  such  sg.crifices  God  is  well  pleased."  To 
him,  as  the  "Father  of  our  spirits  and  the 
former  of  our  bodies,"  is  due  the  highest  de- 
gree of  our  love  and  gratitude;  on  him  we 
ought  to  rely  for  every  blessing,  and  humbly 
resign  ourselves  to  his  disposal  under  every 
event;  for  **  all  things  are  of  God,"  and  all 
are  conducted  with  supreme  and  unerring 
wisdom  and  goodness  to  an  end  immortal  and 
divine. 

2,  The  immensity  and  magnificence  of  the 
universe  and  the  attributes  of  Deity  it  dis- 
plays are  considerations  which  ought  to  be; 
taken  into  account  in  all  our  views  of  religion. 


There  is  a  class  of  men  who,  in  prosecuting 
scientific  pursuits,  wish  to  discard  every  thing 
that  has  a  bearing  on  religion  when  deduced 
from  the  investigations  of  science,  and  can 
scarcely  refrain  from  a  sneer,  when  the  ar- 
rangements in  the  economy  of  nature  are 
traced  to  the  agency  of  their  All-wise  and  Om- 
nipotent Creator;  as  if  the  objects  which 
science  professes  to  investigate  had  no  relation 
to  the  views  we  ought  to  entertain  of  the  Di- 
vinity, and  ought  never  to  be  traced  to  their 
great  first  cause.  On  the  other  hand,  there 
are  many  professed  religionists  who,  from 
mistaken  notions  of  piety,  would  set  aside  the 
study  of  the  works  of  God,  as  havmg  no  con- 
nexion whatever  with  the  exercises  of  piety 
and  the  business  of  religion,  and  as  even  inju- 
rious to  their  interests.  Both  these  classes  of 
men  verge  towards  extremes  which  are  equal- 
ly inconsistent  and  dangerous.  The  amazing 
fact,  that  creation  consists  of  a  countless  num- 
ber of  magnificent  systems  and  worlds  beyond 
the  comprehension  of  finite  minds,  ought  not 
thus  to  be  recklessly  set  aside  in  our  views  of 
God  and  of  religion;  for  they  are  all  the 
workmanship  of  oxe  BEi:?rG,  and  they  are 
connected  together  as  parts  of  one  grand  sys- 
tem, of  which  the  God  we  profess  to  worship 
is  the  supreme  and  universal  governor.  They 
present  to  the  view  of  all  intelligences  the 
most  glorious  displays  of  his  character  and  per- 
fections, and  consequently  demand  from  us  a 
corresponding  sentiment  of  admiration  and 
reverence,  and  a  corresponding  tribute  of  ho- 
mage and  adoration.  Such  enlarged  pros- 
pects of  the  universe  are  therefore  available 
for  the  loftiest  purposes  of  religion  and  piety, 
and  ought  to  enter  as  an  element  into  all  our 
views  of  the  administration  of  the  Almighty, 
and  of  that  worship  and  obedience  he  requires 
from  his  rational  offspring,  unless  we  would 
be  contented  to  render  him  a  degree  of  homage 
far  inferior  to  that  which  the  manifestation  of 
his  attributes  demands. 

God  is  known  only  by  the  manifestations 
which  he  makes  of  his  character  and  perfec- 
tions. T^e  highest  created  intelligences  can 
know  nothing  more  of  the  Divinity  than  what 
is  derived  from  the  boundless  universe  he  has 
presented  to  their  view,  the  dispensations  of 
his  providence  to  certain  orders  of  beings,  and 
the  special  revelations  he  may  occasionally 
vouchsafe,  on  certain  emergencies,  to  particu- 
lar worlds.  Had  man  continued  in  primeval 
innocence,  the  contemplation  of  the  vast  crea- 
tion around  him,  with  all  its  diversified  won- 
ders and  beneficent  tendencies,  would  have 
led  him  to  form  correct  views  of  the  attributes 
of  his  Almighty  Maker,  and  of  the  moral  laws 
by  which  his  conduct  should  be  regulated : 
but  it  does  not  follow,  that  because  the  study 
of  nature  is  now  of  itself  an  insufficient  gaido 
(675) 
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to  the  knowledge  of  the  Creator  and  the  en- 
joyment of  eternal  felicity,  such  studies  are 
either  to  be  thrown  aside,  or  considered  as  of 
no  importance  in  a  religious  point  of  view. 
To  overlook  the  astonishing  scene  of  the  uni- 
verse, or  to  view  it  with  indifference,  is  vir- 
tually to  ''  disregard  the  works  of  Jehovah, 
and  to  refuse  to  consider  the  operations  of  his 
hands."  It  is  a  violation  of  Christian  duty, 
and  impUes  a  reflection  on  the  character  of 
the  Deity,  for  any  one  to  imagine  that  he  has 
nothing  to  do  with  God  considered  as  mani- 
fested iii  the  immensity  in  his  works;  for  his 
word  is  pointed  and  expHcit  in  directing  the 
mind  to  such  contemplations.  "  Hearken  un- 
to this ;  stand  still,  and  consider  the  wonder- 
ful works  of  God."  "  Lift  up  thine  eyes  on 
high,  and  behold  who  hath  created  these  orbs." 
"  Remember  that  thou  magnify  his  works 
which  men  behold."  "  Great  and  marvellous 
are  thy  works.  Lord  God  Almighty !  Thy 
saints  shall  speak  of  the  glory  of  thy  kingdom 
and  talk  of  thy  power,  to  make  known  to  the 
sons  of  men  thy  mighty  operations  and  the 
glorious  majesty  of  thy  kingdom." 

3.  The  Christian  revelation,  throughout  all 
its  departments,  is  not  only  consistent  with 
the  views  we  have  taken  of  the  universe,  but 
affords  direct  evidence  of  the  magnificence  of 
creation,  and  of  the  myriads  of  beings  with 
which  it  is  peopled.  Of  this  position  we  have 
exhibited  some  proofs  in  the  remarks  and  illus- 
trations contained  in  Chapter  XVIL,  which 
show  at  the  same  time  the  harmony  which 
subsists  between  the  discoveries  of  revelation 


and  the  discoveries  which  have  been  made  in 
the  system  of  nature.  There  is  no  other  sys^ 
tem  of  religion  or  pretended  revelation  that 
was  ever  propagated  in  the  world  to  which 
such  a  characteristic  belongs.  If  we  examine 
the  Mahomcdan  Koran,  the  Shasters  of  Bra- 
mah,  the  system  of  Confucius,  the  mythology 
of  the  Greeks  and  Romans,  and  every  other 
Pagan  code  of  religion,  we  shall  find  inter- 
spersed throughout  the  whole  of  them  nume- 
rous sentiments,  opinions,  and  pretended  facts 
at  utter  variance  with  the  true  system  of  na- 
ture, and  to  what  are  known  to  be  the  esta- 
blished laws  of  the  universe.  This  is  strikingly 
exemplified  in  the  extravagant  stories  and  de- 
scriptions contained  in  the  pretended  revela- 
tions of  Mahomet,  and  the  absurd  notions  re- 
specting the  creation  contained  in  the  sacred 
books  of  the  Hindoos,  which  assert  that  the 
universe  consists  of  seven  heavens  and  seven 
worlds,  which  are  all  at  a  future  period  to  be 
absorbed  into  God  ;  with  many  other  absurdi- 
ties. In  opposition  to  all  such  foolish  and  ab- 
surd opinions,  the  inspired  writings,  when 
properly  understood,  and  rationally  interpreted 
according  to  the  rules  of  just  criticism,  are 
uniformly  found  to  be  perfectly  consistent  with 
the  discoveries  of  science,  and  the  facts  which 
are  found  to  exist  in  the  system  of  the  uni- 
verse; and  this  correspondence  and  har- 
mony ought  to  be  considered  as  a  strong  pre- 
sumptive evidence  that  the  revelations  of 
Scripture  and  the  scenes  of  the  material  uni- 
verse proceed  from  the  same  All- wise  and 
Omnipotent  Author. 


CHAPTER  XX. 


On  Comets, 


As  this  class  of  the  celestial  bodies  forms  a 
part  of  the  solar  system,  it  might  have  been 
more  appropriate  to  have  introduced  the  subject 
into  our  volume  entitled,  "  Celestial  Scenery," 
which  has  for  its  principal  object  a  description 
of  the  bodies  connected  with  inat  system; 
but  as  that  work  swelled  to  a  greater  size  than 
was  at  first  foreseen,  it  was  judged  expedient 
to  postpone  the  consideration  of  comets  to  the 
present  volume.  As  our  knowledge  of  these 
bodies,  however,  is  very  limited,  and  no  dis- 
coveries have  yet  been  made  which  might  lead 
us  to  form  a  decisive  opinion  of  their  nature 
and  destination,  I  shall  content  myself  with 
giving  a  brief  detail  of  some  of  the  leading 
fects  which  have  been  ascertained  respecting 
Uiem. 

The  word  comet  literally  signifies  a  hairy 
tiari  because  such  bodies  are  generally  ac- 
companied with  a  nebulosity,  or  train,  which 
(676) 


has  the  appearance  of  luminous  hair.  The 
luminous  point  near  the  centre  of  a  comet, 
which  is  the  most  briUiant,  is  called  the  nu^ 
cleus.  The  haze  or  nebulosity  which  sur- 
rounds the  nucleus  is  called  the  hair,  and 
sometimes  the  envelope  ;  and  the  nucleus  and 
hair  combined  constitute  what  is  usually 
termed  the  head  of  the  comet.  The  lumi- 
nous train,  extending  sometimes  to  a  great 
distance  from  the  head,  is  called  the  tail  of  the 
comet.  These  bodies  have  occasionally  ap- 
peared in  the  heavens  in  all  ages.  The  an- 
cients were  divided  in  their  opinion  respect- 
ing them ;  some  considering  them  as  wander- 
ing stars ;  others,  as  meteors  kindled  in  the 
atmosphere  of  the  earth,  subsisting  for  a  time, 
and  then  dissipated ;  and  others  viewed  them 
as  prodigies  indicating  wars,  famines,  inun- 
dations, or  pestilences.  Aristotle,  who  be- 
lieved that  the  heavens  were  incorruptible  and 
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michangeable,  maintained  that  comets  were  made  its  appearance  towards  the  close  of  the 
generated  when  they  first  made  their  appear-  year  1680,  and  which  was  particularly  ob- 
ance,  and  were  destroyed  when  they  ceased  served  by  most  of  the  astronomers  of  Europe, 
to  be  visible,  and  consequently  that  they  could  This  comet,  according  to  the  accounts  given 
not  be  reckoned  to  belong  to  the  heavenly  bo-  by  the  astronomers  of  that  period,  appeared 
dies,  but  were  only  meteors  or  exhalations  to  descend  from  the  distant  regions  of  spac« 
raised  into  the  upper  regions  of  the  air,  where  with  a  prodigious  velocity,  almost  perpen- 
they  blazed  for  a  while,  and  disappeared  when  dicular  to  the  sun,  and  ascended  again  in  the 
the  matter  of  which  they  were  formed  was  same  manner  from  that  luminary  with  a  velo- 
consumed.  And  as  the  opinions  of  this  an-  city  retarded  as  it  had  before  been  accelerated, 
cient  sage  had  a  powerful  influence  on  the  It  was  observed,  particularly  at  Paris  and 
philosophers  and  astronomers  of  later  times,—  Greenwich,  by  Cassini  and  Flamstead,  by 
as  his  assertions  were  frequently  regarded  as  whom  it  was  seen  in  the  morning  from  the 
little  short  of  demonstrations, — few  persons  4th  to  the  25th  of  November,  1680,  in  its 
had  the  boldness  and  independency  of  mind  to  descent  towards  the  sun ;  and  after  it  had 
call  in  question  the  positions  he  maintained  passed  its  perihelion,*  in  the  evening,  from 
on  any  subject  discussed  in  his  writings.  the  12th  of  December  to  the  9tli  of  March, 

It  was  not  before  the  time  of  the  celebrated  1681.  The  many  exact  observations  made 
astronomer,  Tycho  Brahe,  that  the  nature  of  on  this  comet  enabled  Sir  I.  Newton  to  dis- 
comets  began  to  be  a  little  understood,  and  cover  that  so  much  of  its  orbit  as  could  be 
that  they  were  considered  as  moving  in  the  traced  by  the  motion  of  the  comet,  while  it 
planetary  regions.  This  astronomer  observed  was  visible,  was,  as  to  sense,  a  parabola,  hav- 
with  great  diligence  the  famous  comet  which  ing  the  sun  in  its  focus,  and  that  it  was  one 
appeared  in  1577;  and,  from  many  accurate  and  the  same  comet  that  was  seen  all  Ihat 
observations  during  the  time  of  its  appearance,  time.  This  comet  was  remarkable  for  its 
found  that  it  had  no  sensible  diurnal  parallax,  very  near  approach  to  the  sun.  At  its 
and  therefore  was  not  only  far  above  the  limits  perihelion,  it  was  not  above  a  sixth  part  of 
of  our  atmosphere,  but  beyond  the  orbit  of  the  the  sun's  diameter  from  its  surface;  that  is, 
moon  itself.  Its  motions  were  likewise  particu-  about  146,000  miles  from  the  surface  of  that 
larly  observed  by  Hagecius,  at  Prague,  in  Bohe-  luminary,  and  584,000  from  its  centre.  Ac- 
mia,  at  the  same  time  that  they  were  observed  by  cording  to  Sir  Isaac  Newton,  the  velocity  of 
Tycho,  at  Uraniburg.  These  two  places  dif-  this  comet  when  nearest  the  sun  was  880,000 
fer  six  degrees  in  latitude,  and  are  nearly  un-  miles  an  hour.  On  taking  its  perihelion  dis- 
der  the  same  meridian,  and  both  measured  tance,  as  given  by  M.  Pingre,  Mr.  Squire 
the  distance  of  the  comet  from  the  same  star,  found,  by  two  different  calculations,  that  its 
which  was  in  the  same  verticle  circle  with  the  velocity  in  its  perihelion  was  no  less  than 
comet ;  yet  both  observers  found  their  dis-  1 ,240,000  miles  an  hour !  This  velocity  was 
tancos  the  same,  and  consequently  they  both  so  great  that,  if  continued,  it  would  have 
viewed  the  comet  in  the  same  point  of  the  carried  it  through  124  degrees  in  an  hour; 
heavens,  which  could  not  have  happened  un-  but  its  actual  hourly  motion  during  that  in- 
less  the  comet  had  been  in  a  higher  region  terval,  before  and  after  it  passed  the  perihelion, 
than  the  moon.  After  Tycho,  Kepler  had  an  was  81  degrees,  47  minutes.  At  this  period, 
opportunity  of  making  observations  on  the  the  diameter  of  the  sun,  as  seen  from  the 
comets  which  appeared  in  1607  and  1618,  comet,  must  have  subtended  an  angle  of  more 
and  from  all  his  observations  he  deduced  this  than  a  hundred  degrees,  which  must  nearly 
conclusion,  "  that  comets  move  freely  through  have  filled  its  whole  hemisphere, 
the  planetary  orbs."  From  this  period  comets  From  Dr.  Halley's  determination  of  its 
began  to  be  more  accurately  observed,  and  to  orbit,  it  appears  that  when  in  its  aphelion,  or 
be  considered  as  constituent  parts  of  the  solar  greatest  distance  from  the  sun,  it  cannot  be 
system ;  and  at  length  the  illustrious  Newton  less  than  13,000,000,000,  or  thirteen  thousand 
demonstrated  that  their  motions  are  performed  millions  of  miles  distant  from  that  luminary; 
in  long  ellipses,  having  the  sun  in  one  of  their  that  is,  seven  times  the  distance  of  Uranus, 
foci.  According  to  the  same  astronomer,  this  comet. 

Before  proceeding  to  inquire  into  the  na-  in  passing  through  its  southern  node,  came 
ture  and  physical  constitution  of  these  bodies,  within  the  length  of  the  sun's  semi-diameter 
I  shall  present  the  reader  with  of  the  orbit  of  the  earth,  that  is,  within  44  0,000 

A  1    '  jy  1   .  1     rri     1  •  ,  jy  .r  .  miles;  and  he  remarks,  "had  the  earth  been 

A  oriej  sketch  oj  the  history  oj  the  most  re- 


markable  Comets  which  have  appeared  in 
modern  times. 

One  of  the  most  remarkable  comets  which 
liave  appeared  in  modern  times  is  that  which 


*  The  perihelion  is  that  point  in  the  orbit  of  any 
planet  or  comet  which  is  nearest  to  the  sun.  It  is 
also  called  the  lower  apsis.  The  aphelion  is  that 
point  in  the  orbit  whicii  is  furthest  from  the  sun ; 
called,  also,  the  higher  apsis. 
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then  in  tLat  part  of  its  orbit  nearest  that  node 
of  the  comet,  their  mutual  gravitation  must 
have  caused  a  change  in  the  plane  of  the 
earth's  orbit,  and  in  the  length  of  our  year; 
and  if  so  large  a  body  with  so  rapid  a  motion 
were  to  strike  the  earth,  a  thing  by  no  means 
impossible,. the  shock  might  reduce  this  beauti- 
ful frame  to  its  original  chaos."  Modern  ob- 
servations, however,  render  such  deductions 
somewhat  improbable.  The  period  of  this 
comet  is  supposed  to  be  about  575  years.  It 
is  conjectured  that  it  is  the  same  comet  which 
appeared  in  1106,  in  the  reign  of  Henry  I., 
that  was  seen  during  the  consulate  of  I,iam- 
padius  and  Orestes,  about  the  year  631,  and 
in  the  forty -fourth  year  before  Christ,  in  which 
year  Julius  CiBsarwas  murdered.  Its  nucleus 
was  computed  to  be  about  ten  times  as  large 
as  the  moon.  Its  tail  extended  over  a  space 
of  seventy  degrees  in  extent. 

This  is  the  comet,  to  the  near  approach  of 
which  to  the  earth,  Mr.  Whiston  attributed 
the  universal  deluge  in  the  time  of  Noah. 
His  opinion  was,  that  the  earth,  passing 
through  the  atmosphere  of  the  comet,  attracted 
from  it  a  great  part  of  the  water  of  the  flood ; 
that  the  nearness  of  the  comet  raised  a  great 
tide  in  the  subterranean  waters ;  that  this 
could  not  be  done  without  making  fissures 
or  cracks  in  the  outer  crust  of  the  earth ;  that 
through  these  fissures  the  subterraneous  waters 
were  forced ;  that  ^\ong  with  the  water  much 
slime  or  mud  would  rise,  which,  after  the 
subsiding  of  the  water  partly  into  the  fissures 
and  partly  hito  the  lower  parts  of  the  earth  to 
form  the  sea,  would  cover  over  to  a  consider- 
able depth  the  antediluvian  earth ;  and  thus 
he  accounts  for  trees  and  bones  of  animals 
being  found  at  very  great  depths  in  the  earth. 
The  same  comet,  he  supposed,  when  coming 
near  the  earth  after  being  heated  to  an  im- 
mense degree  in  its  perihelion,  would  be  the 
instrumental  cause  of  that  great  catastrophe, 
the  general  conflagration.  Modern  geological 
researches,  however,  render  all  such  hypo- 
theses utterly  untenable. 

2.  Another  comet  which  has  obtained  a 
certain  degree  oi  celebrity  is  that  which  ap- 
peared in  1682,  and  is  usually  distinguished 
by  the  name  of  Halley^s  comet.  This  comet 
appeared  with  considerable  splendour,  and 
exhibited  a  tail  thirty  degrees  in  length.  On 
calculating  its  elements  from  its  perihelion 
passage.  Dr.  Halley  was  led  to  conclude  that 
it  was  identical  with  the  great  comets  which 
appeared  in  1456,  1531,  and  1607,  whose 
elements  he  had  also  ascertained.  The  in- 
tervals between  these  periods  being  about 
seventy-five  or  seventy-six  years,  he  was  led 
to  conclude  that  this  was  the  period  of  the 
revolution  of  the  comet,  and  ventured  to  pre- 
dict that  it  would  again  return  about  the  latter 
(678) 


part  of  the  year  1758.  As  this  was  ihe  ht&i 
comet  whose  return  had  been  predicted,  whcK 
the  time  of  its  expected  appearance  approached, 
astronomers  became  anxious  to  ascertain 
whether  the  attraction  of  the  larger  planets, 
Jupiter  and  Saturn,  might  not  interfere  with 
its  orbitual  motion,  and  prevent  it  from  arriv- 
ing at  its  perihelion  so  soon  as  the  time  pre- 
dicted. Clairaut,  an  eminent  French  mathe- 
matician, after  many  intricate  and  laborious 
calculations  in  reference  to  the  subject,  con- 
cluded that  the  attraction  of  Saturn  would 
lengthen  the  period  100  days,  and  the  action 
of  Jupiter  518,  making  in  all  618  days,  by 
which  the  expected  return  would  happen 
later  than  if  no  such  influence  had  taken 
place;  so  that  instead  of  the  period  being  74 
years,  323  days,  it  ought  to  be  76  years,  211 
days  ;  and  as  the  comet  passed  its  perihelion 
on  September  14,  1682,  it  ought  to  reach  the 
same  point  on  April  13,  1769.  These  cal- 
culations were  read  before  the  Academy  of 
Sciences,  on  the  14th  of  November,  1 758  ; 
but  Clairaut  gave  notice  that,  being  pressed 
for  time,  he  had  neglected  in  his  calculations 
small  values,  which  collectively  might  amount 
to  about  thirty  days  in  the  seventy-six  years. 
These  predictions  were  accordingly  verified, 
for  the  comet  appeared  about  the  end  of  De- 
cember, 1758,  and  arrived  at  its  perihelion  on 
the  13th  of  March,  1759,  only  thirty  days  be- 
fore the  time  fixed  by  the  calculations  of 
Clairaut,  who,  upon  repeating  the  process  by 
which  he  had  arrived  at  the  result,  reduced 
this  error  to  nineteen  days.  The  same  comet 
again  made  its  appearance,  according  to  pre- 
diction, in  1835,  of  which  a  particular  account 
will  be  given  in  the  sequel. 

3.  Another  remarkable  comet  made  its  ap- 
pearance in  1744,  which  excited  a  consider- 
able degree  of  attention.  It  was  first  seen  at 
Lausanne,  in  Switzerland,  December  13, 
1 743 ;  from  that  period  it  increased  in  bright- 
ness and  magnitude  as  it  approached  nearer 
the  sun.  On  the  evening  of  January  23, 
1744,  it  appeared  exceedingly  bright  and  dis- 
tinct, and  the  diameter  of  its  nucleus  was 
nearly  equal  to  that  of  Jupiter.  Its  tail  then 
extended  above  16  degrees  from  its  body,  and 
was  supposed  to  be  about  23  millions  of  miles 
in  length.  On  the  11th  of  February,  the 
nucleus,  which  had  before  been  always  round, 
appeared  oblong  in  the  direction  of  the  tail^ 
and  seemed  divided  into  two  parts  by  a  black 
stroke  in  the  middle.  One  of  the  parts  had  a 
sort  of  beard,  brighter  than  the  tail;  this 
beard  was  surrounded  by  two  unequal  dark 
strokes,  that  separated  the  beard  fi'om  the  haii 
of  the  comet ;  these  odd  phenomena  disap- 
peared the  next  day,  and  nothing  was  seen 
but  irregular  obscure  spaces  like  smoke  in 
the  middle  of  the  tail,  and  the  head  resumed 
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Its  natural  form.  On  the  15th  of  February, 
the  tail  was  divided  into  two  branches,  the 
eastern  about  8  degrees  long,  the  western  24. 
On  the  23d  the  tail  began  to  be  bent.  It 
showed  no  tail  till  it  was  as  near  the  sun  as 
the  orbit  of  Mars,  and  it  increased  in  length 
as  it  approached  nearer  that  luminary.  At 
its  greatest  length,  it  was  computed  to  equal 
a  third  pas-t  of  the  distance  of  the  earth  from 
the  sun,*  This  was  one  of  the  most  brilliant 
comets  that  had  appeared  since  that  of  1680. 
Its  tail  was  visible  for  a  long  time  after  its 
body  was  hid  under  the  horizon :  it  extended 
20  or  30  degrees  above  the  horizon,  two  hours 
before  sunrise. 

4.  In  the  month  of  June,  1770,  Messier 
discovered  a  comet,  the  motions  of  which  ap- 
pear to  be  involved  in  a  considerable  degree 
of  mystery.  The  comet  continued  visible  for 
a  long  time.  Lexell  ascertained,  from  ob- 
servation, that  it  described  an  ellipse  around 
the  sun,  of  which  the  greater  axis  was  only 
three  times  the  diameter  of  the  earth's  orbit, 
which  corresponds  with  a  revolution  of  5^ 
years.  It  was  therefore  expected  that  it 
would  again  frequently  make  its  appearance ; 
but  it  has  never  since  been  visible,  although 
it  made  a  pretty  brilliant  appearance  in  1770. 
The  National  Institute  of  France,  not  man}'' 
years  ago,  requested  M.  Burckhardt  to  -epeat 
all  the  calculations  with  the  utmost  cart  ;  and 
the  result  of  bis  labour  has  been  a  complete 
confirmation  of  the  elements  obtained  by 
Lexell.  What  has  become  of  this  comet  it 
is  difficult  to  conjecture.  Its  aphelion,  or 
greatest  distance  from  the  sun,  was  reckoned 
to  be  not  far  beyond  the  orbit  of  Jupiter,  and 
that  it  approached  as  near  to  the  earth  as  the 
moon,  and  ought  to  have  appeared  twelve 
times  since  the  year  1770.  M.  Arago  at- 
tempts to  solve  the  difficulty  by  affirming  that 
Its  orbit  was  then  totally  dilferent  from  that 

rhich.  it  has  since  pursued ;  that  its  passage 
CO  the  point  of  perihelion  in  1776,  when  it 
was  expected,  took  place  by  day,  and  before 
the  following  return,  the  form  of  the  orbit  was 
so  altered  that  had  the  comet  been  visible  from 
the  earth,  it  would  not  have  been  recognized; 
that  before  1767,  during  the  whole  progress 
of  its  revolutions,  its  shortest  distance  from 
the  sun  was  199,000,000  leagues,  and  that 
after  1779,  the  minimum  distance  became 
131,000,000  leagues,  which  was  still  too  far 
removed  for  the  comet  to  be  perceptible  from 
the  earth.  Sir  David  Brewster  attempts  to 
account  for  its  disappearance  by  supposing 
that  it  must  have  been  attracted  by  one  of  the 
planets  whose  orbit  it  crossed,  and  must  have 
imparted  to  it  its  nebulous  mass ;  and  that  it 
is  probable  the  comet  passed  near  Ceres  and 
Pallas,  and  imparted  to  them  those  immense 

*  Memoirs  of  the  Academy  of  Sciences  for  1744, 


atmospheres  which  distinguish  them  from  all 
the  other  planets.  Whether  any  of  these 
opinions  be  tenable  and  sufficient  to  solve  the 
difficulty,  is  left  entirely  with  the  reader  to 
determine. 

5.  Another  comet,  which  has  engaged  the 
particular  attention  of  astronomers  during  the 
last  twenty  years,  is  distinguished  from  all 
preceding  comets  by  the  shortness  of  its  pe- 
riodic revolution.  It  is  usually  denominated 
Encke's  comets  so  called  from  Professor 
Encke,  of  Berlin,  who  first  ascertained  its  pe- 
riodical return.  It  was  discovered  at  Mar- 
seilles, on  the  26th  November,  1818,  by  M. 
Pons,  and  its  parabolic  elements  were  pre- 
sented to  the  Board  of  Longitude,  at  Paris, 
by  M.  Bouvard,  on  the  13th  of  January,  1819. 
It  was  immediately  remarked  that  the  result 
of  Bouvard's  calculations  was  too  similar  to 
the  elements  of  a  comet  which  appeared  in 
1805,  not  to  consider  that  and  the  one  of  1818 
as  the  same  body  ;  and  M.  Encke  soon  after 
established,  by  incontestable  calculations,  that 
this  comet  took  only  about  1200  days,  or  three 
years  and  three-tenths,  to  travel  through  the 
whole  extent  of  its  elHptic  orbit.  This  was 
considered  as  a  very  extraordinary  result,  as 
an  opinion  had  previously  prevailed  that  the 
period  of  a  revolution  of  a  comet  must  iieces- 
sarily  be  long.  It  now  appears  that  this 
comet  was  first  seen  by  Messier  and  Mechain 
in  1786;  afterwards  by  Miss  Herschel  in 
1795;  and  its  subsequent  returns  were  ob- 
served by  different  astronomers  in  1805  and 
1819,  all  of  whom,  at  those  periods,  supposed 
that  the  four  comets  were  four  different  bodies. 
The  elements  of  this  comet,  and  the  short 
period  of  its  revolution,  are  now  incontrover- 
tibly  established ;  for  its  reappearance  in  the 
southern  hemisphere  in  June,  1822,  took 
place  very  nearly  in  the  positions  previously 
calculated.  The  agreement  was  not  less  re- 
markable in  1825;  and  in  1828,  the  third 
period  of  its  announced  return,  it  occupied  the 
places  assigned  to  il  by  Encke  the  year  pre- 
ceding. It  likewiJs'e  appeared  in  1832,  1835, 
and  1838. 

This  comet  is  very  small ;  its  light  is  feeble ; 
it  has  no  tail ;  it  is  invisible  to  the  naked  eye, 
except  in  very  favourable  circumstances,  but 
may  be  seen  with  a  small  magnifying  power. 
It  revolves  in  an  elliptical  orbit  of  considerable 
eccentricity,  having  an  inclination  to  the  plane 
of  the  elliptic  of  13|  degrees.  On  comparing 
the  intervals  between  the  successive  perihe- 
lion passages  of  this  comet,  a  singular  fact 
has  been  elicited,  namely,  that  its  periods  are 
continually  diminishing,  and  its  mean  dis- 
tance from  the  sun  shortening  by  slow  bat 
regular  degrees.  This  is  supposed  by  M. 
Encke  to  be  produced  by  a  resistance  expe- 
rienced by  the  comet  from  a  very  rare  ethe- 
(67i^) 


Hosted  by  Google 


156 


SIDEREAL  HEAVENS. 


Teal  medium  pervading  the  regions  through 
which  it  moves ;  since  such  resistance,  by 
diminishing  its  actual  velocity,  would  diminish 
also  its  centrifugal  force,  and  thus  give  the 
sun  more  power  over  it  to  draw  it  nearer.  It 
is  therefore  the  opinion  of  Sir  J.  Herschel, 
that  "  it  will  probably  fall  ultimately  into  the 
sun,  should  it  not  first  be  dissipated  altogether, 
a  thing  no  way  improbable,  when  the  light- 
ness of  its  materials  is  considered,  and  which 
seems  authorized  by  the  observed  fact  of  its 
having  been  less  and  less  conspicuous  at  each 
reap[>8arance."  The  acceleration  of  this 
comet  is  about  two  days  in  each  revolution; 
and  the  frequent  opportunities  of  observation 
which  will  occur,  in  consequence  of  the  short- 
ness of  its  period,  may  lead  to  new  and  inte- 
resting conclusions  in  relation  to  the  nature  of 
these  bodies. 

6.  Besides  the  above,  another  periodical 
comet  has  lately  been  discovered,  which  is 
distinguished  by  the  name  of  BiekCs  and 
sometimes  Gambarfs  comet.  This  comet 
was  perceived  at  Johanisberg,  on  the  27th  Feb, 
1826,  by  M.  Biela ;  and  by  M.  Gambart,  at 
Marseilles,  ten  days  afterwards.  Gambart, 
without  delay,  calculated  its  parabolic  ele- 
ments from  his  own  observations,  and  by  in- 
specting a  general  table  of  comets,  he  recog- 
nized that  it  vv^as  not  its  first  appearance,  but 
that  it  had  been  already  observed  in  1 789. 
and  1795.  Messrs.  Clausen  and  Gambart 
undertook  the  computation  of  the  comet's  re- 
volution, and  found,  each  of  them  nearly  at 
the  same  time,  that  the  new  comet  made  its 
entire  revolution  round  the  sun  in  a  period  of 
about  seven  years.  It  was  afterwards  found, 
more  accurately,  to  be  2460  days,  or  nearly 
6|  years.  M.  Damoiseau  calculated  the  per- 
turbations of  this  comet,  and  predicted  that  it 
would  cross  the  plane  of  the  earth's  orbit  on 
the  29th  of  October,  1832,  a  little  before 
midnight^  at  a  point  about  18,480  miles 
within  the  orbit  of  the  earth.  According  to 
this  prediction,  the  comet  actually  made  its 
appearance  in  1832  about  the  time  now  spe- 
cified. Its  next  appearance  was  calculated  to 
happen  in  1839 ;  and  it  was  reckoned  that  it 
would  arrive  at  its  perihelion  on  the  23d  July 
of  that  year. 

The  predicted  appearance  of  this  comet  in 
1832  seems  to  have  produced  considerable 
alarm,  particularly  in  France.  Some  German 
journalists  predicted  that  it  would  cross  the 
earth's  orbit  near  the  point  at  which  the  earth 
would  be  at  the  time,  and  cause  the  destruc- 
tion of  our  globe.  Such  was  the  degree  of 
alarm  excited  on  this  occasion,  that  M. 
G  *  *  *,  a  Professor  in  Paris,  put  the  ques- 
tion to  the  Academy  of  Sciences,  whether  it 
did  not  feel  itself  bound  in  duty  to  refute,  as 
speedik  as  possible,  this  assertion.  "  Popular 
(680) 


terrors,"  he  observed,  "  are  productive  of  9&fi 
ous  consequences.  Several  members  of  tac* 
Academy  may  still  remember  the  accidents 
and  disorders  which  followed  a  similar  throat, 
imprudently  communicated  to  the  At  ademy 
by  M.  de  Lalande,  in  May,  1773.  Persons 
of  weak  mind  died  of  fright,  and  women  mis- 
carried. There  were  not  wanthig  people  who 
knew  too  well  the  art  of  turning  to  rheir  ad- 
vantage the  alarm  inspired  by  the  approach- 
ing comet,  and  places  in  paradise  were  sold 
at  a  very  high  rate.  The  announcement  of 
the  comet  of  1832  may  produce  sinnlar  effects, 
unless  the  authority  of  the  Academy  apply  a 
prompt  remedy ;  and  this  salutary  interven- 
tion is  at  this  moment  implored  by  many  be- 
nevolent persons."  It  was  supposed  by  some, 
that  if  any  disturbing  cause  should  delay  the 
arrival  of  the  comet  for  one  month,  the  earth 
must  pass  directly  through  its  head. 

In  order  to  dispel  such  fears,  and  to  illus- 
trate the  nature  of  these  bodies,  M.  Arago 
published  an  excellent  and  popular  treatise 
on  comets  in  the  "  Annuaire^'  of  1832.  He 
showed  that  the  result  of  the  calculation  was, 
that  the  passage  of  the  comet  ought  to  pro- 
ceed a  little  within  our  orbit,  and  at  a  dis- 
tance from  that  curve,  which  is  equal  io  four 
terrestrial  radii  and  two-thii^ds,  or  about 
37,000  miles;  that  on  the  29th  October, 
1 832,  a  portion  of  the  earths  orbit  might  be 
included  within  the  nebulosity  of  the  comet ; 
but  that  the  earth  would  not  arrive  ai  the 
same  point  of  its  orbit  till  the  morning  of  the 
30th  November,  or  more  than  a  month  after- 
wards ;  and  consequently  that  the  earth  would 
be  more  than  twenty  millions  of  French 
leagues  (or  fifty  millions  of  British  miles) 
distant  from  the  comet.  He  adds,  that  "  if 
the  comet,  instead  of  crossing  the  plane  of  the 
ecliptic  on  the  29th  October,  had  not  arrived 
there  till  the  morning  of  the  30th  November, 
it  would  have  undoubtedly  mingled  its  atmo- 
sphere  with  ours,  and  perhaps  even  have 
struck  us  !"  The  earth  is  considered  in  more 
danger,  if  danger  there  be,  from  this  comet 
and  that  of  Encke  than  from  any  other. 
Encke's  comet  crosses  the  orbit  of  the  earth 
sixty  times  in  the  course  of  a  century,  and 
there  is  certainly  a  possibility  that  it  might 
come  into  collision  with  the  earth,  but  the 
probability  of  its  doing  so  is  very  small ;  and, 
besides,  this  comet  and  that  of  Gambart  are 
so  extremely  rare,  that  little  danger  is  to  be 
apprehended,  even  although  a  contact  were 
to  take  place.  Gambart's  is  a  small,  insigni- 
ficant comet,  without  a  tail,  or  any  appear- 
ance whatever  of  a  solid  nucleus,  and  is  nol 
distinguishable  by  the  naked  eye. 

7.  The  Comet  of  1807.  This  was  the  first 
comet  on  which  I  had  an  opportunity  of 
making  observations.     My  first  observation 
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was  on  the  e-vening  of  October  the  8th,  1807, 
a  little  after  sunset,  when  it  appeared  ia  a 
north-westerly  direction,  not  far  distant  from 
Arcturus,  which  was  then  only  a  little  above 
the  horizon.     To  thp  naked  eye  it  appeared 
somewhat   like  a  dim  nebulous  star  of  the 
second  magnitude,  Ti\ith  a  beam  of  light  on 
one  side  of  it.     Through  a  telescope,  its  tail 
presented  a  pretty  brilliant  appearance,  and 
occupied  a  space  of  considerably  more  than  a 
degree  in  length.     The  coma  seemed  to  have 
a  roundish,  but  dim  and  undefined  appear- 
ance,  and  appeared   more    indistinct   as  the 
magnifying    power     was    increased.     When 
viewed  with  an  achromatic  telescope  of  thirty- 
one  inches  focal  distance,  and  a  power  of 
thirty,  it  presented  a  very  distinct  and  beauti- 
iiil  appearance,  and  the  nucleus,  coma,  and 
tail,  nearly  filled  the  field  of  view.     When  a 
power  of  sixty  was  applied,  it  was  much  more 
indistinct  than  with  the  former  power,  and  in 
all  the    subsequent    observations   the    lower 
power  was  generally  preferred.   In  the  course 
of  five  or  six  weeks,  or  about  the  middle  of 
November,  it  disappeared  to  the  naked  eye. 
I  traced  it  with  the  telescope,  as  often  as  the 
weather  would  permit,  for  two  or  three  months 
after  it  had  become  invisible  to  the  unassisted 
sight,  and  found  that  its  apparent  motion  was 
pretty    rapid,    and    towards    the    north-east 
About  the  middle  of  January,  1808,  at  eleven 
p.  M.,  it  appeared  in  a  direction  north-east  by 
north ;  and  at  this  time  it  appeared  through 
the  telescope  like  a  small  nebulous  star,  or 
like  those   species  of  comets  called  bearded 
comets,  having  no  trace  of  any  thing  similar 
to  a  tail.     The  last  time  I  saw  it  was  about 
the  end  of  January,  when  it  was  still  distinctly 
visible,    like    a   nebulous    star;    but    cloudy 
weather  for  nearly  a  fortnight  prevented  any 
further   observations,  and   I   saw  it  no   more. 
On  the  evening  in  which  I  had  the  last  peep 
of  it,  I  detected  another  comet  within  eight 
or  ten  degrees  of  it,  which  appeared  like  a 
star  of  the  third  magnitude,  and  exhibited  a 
pretty  brilliant  appearance  through  the  tele- 
scope.    It  had  no  tail,  like  the  former  comet, 
but  appeared  surrounded  with  radiant  hairs 
like  the  glory  which  painters  represent  around 
the  head  of  our  Saviour.     It  continued  visible 
for  several  weeks ;  but  I  have  not  seen  any 
particula!  notices  of  this  second  comet,  or  any 
special  observations  on  it,  which  have  been 
recorded  by  astronomers. 

This  comet  appears  to  have  been  first  no- 
ticed by  Herschel  and  Schroeter  about  the  4th 
of  October,  1807,  who  continued  their  obser- 
vations upon  it  for  several  months.  Accord- 
ing to  Schroeter's  observations  and  estimates, 
the  diameter  of  the  nucleus  of  this  comet  was 
about  4600  miles,  or  nearly  the  size  of  the 
planet  Mars,  and  appeared  to  be  of  consider- 
S6 


able  density;  the  diameter  of  its  coma,  120,000 
miles,  but  liable  at  different  times,  to  varia- 
tions of  increase  and  decrease  ;  and  its  rate 
of  motion,  at  certain 'periods,  1,333,380  miles 
a  day,  or  55,557  miles  an  hour.  Its  tail  was 
divided  in  a  very  unusual  manner  iuto  two 
separate  branches;  the  north  side  continued 
much  brighter  and  better  defined  than  the 
other,  and  was  also  invariably  convex,  while 
the  other  side  was  concave.  But  what  was 
deemed  most  remarkable  was  the  variation  in 
length  and  the  coruscations  of  the  tail.  Some- 
thing like  coruscation  had  been  observed  by 
the  naked  eye  in  the  case  of  preceding  comets, 
and  such  phenomena  appear  to  have  been 
confirmed  by  the  observations  of  Schroeter. 
In  less  than  one  second,  streamers  shot  forth 
to  two  and  a  half  degrees  in  length  ;  they  as 
rapidly  disappeared  and  issued  out  again, 
sometimes  in  proportions  and  interrupted  like 
our  northern  lights.  Afterwards  the  tail  va- 
ried both  in  length  and  breadth,  and  in  some 
of  the  observations,  the  streamers  shot  from 
the  whole  expanded  end  of  the  tail,  sometimes 
here,  and  sometimes  there,  in  an  instant,  two 
and  a  half  degrees  long,  so  that  within  a  sin- 
gle second  they  must  have  shot  out  a  distajice 
of  4,600,000  miles.  Their  light  was  also 
sometimes  whiter  and  clearer  at  the  eaU  thaii 
at  the  base,  as  is  occasionally  seen  in  the 
northern  lights.  Some  have  objected  to  the 
extreme  rapidity  of  the  streamers  as  here 
stated,  but  the  fact  of  coruscations  having  been 
seen  appears  to  be  confirmed  by  the  observa» 
tions  of  this  celebrated  and  accurate  observer. 
The  observations  of  Herschel  on  this  comet 
differ  in  some  respects  from  those  of  Schroeter, 
particularly  in  the  estimate  he  makes  of  the 
size  of  the  nucleus,  which  he  reckons  to  be 
considerably  smaller  than  what  has  been 
stated  above. 

Fig.  78  is  a  view  of  this  comet  as  seen  on 
the  night  of  October  2 1st  by  Schroeter.  Fig. 
79  is  a  view  of  the  same  comet  as  seen  by 
Bessel,  October  22d,  at  eight  in  the  evening ; 
both  which  exhibit  its  divided  tail. 

8.  The  most  remarkable  comet  which  has 
appeared  in  modern  times,  since  that  of  1680, 
was  the  comet  of  \Sl\,  About  the  beginning 
of  September  in  that  year,  about  eight  or  nine 
in  the  evening,  as  I  was  taking  a  random 
sweep  with  my  telescope  over  the  north-west- 
ern quarter  of  the  heavens,  an  uncommon 
object  appeared  to  pass  rapidly  across  the  field 
of  view,  which  on  examination  appeared  to  be 
a  splendid  comet.  Not  having  heard  of  the 
appearance  of  any  such  body  at  that  time,  I 
was  led  to  imagine  that  I  had  fortunately  got 
the  first  peep  of  this  illustrious  stranger;  but 
I  afterwards  learned  from  the  public  prints 
that  it  liad  been  seen  a  day  or  two  before  by 
Mr.  Noitch,  in  the  neighbourhood  of  Keisc^ 
(681) 
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who  appears  to  have  been  the  first  that  ob- 
served it   in  this  country.     This  comet  ap- 


Eij.  78. 


surements,  which  gave  1'  49''  as  the  mean 
angular  diameter  of  the  body ;  that  this  great 
body  was  in  all  probability  chiefly  fluid,  though 
its  central  parts  might  consist  of  denser  sub- 
Btances ;  and  that  there  was  reason  to  believe 
that  it  shone  with  its  own  native  light.  The 
coma  was  extremely  rarefied  in  comparison 
with  the  nucleus,  resembling  a  very  faint 
whitish  light,  scattered  in  separate  portions. 
It  was  divided  into  two ;  one  immediately  en- 
compassing the  nucleus,  the  other  of  a  more 
faint  and  grayish  light,  sweepnig  round  it  at 
a  distance,  and  forming  the  double  tail  which 
the  comet  presented.  The  train,  or  head  veil, 
m  he  terms  it,  swept  around  the  nucleus,  at  a 
(682) 


peared  with  peculiar  splendour,,  and  was  vim. 
ble,  even  to  the  naked  eye,  for  more  than 
'     three  months   in   suc- 
cession,    and     excited 
universal  attention.    It 
afforded  to  astronomers 
more  oppoitunities  for 
observation  of  its  physi- 
cal aspect  and  con stlt a- 
tion,  and  for  detcsrmin- 
ingthe  elements  oi'  its 
orbit,  than  almost  any 
other  comet  that    had 
previously      appeared. 
The  two  celebrated  ob- 
servers,  Hersdiel  and 
Schroeter,    made    nu- 
merous  and   very  par- 
ticular observations  on 
^g  the     phenomena    and 
motions  of  this  comet, 
which  were  continued 
every  clear  evening  for 
the  space  of  nearly  five 
months.  Some  of  "these 
observations,        along 
with  the  remarks  and 
deductions     connected 
with     them,    are     ex- 
tremely interesting  to 
the    astronomical    ob- 
server ;    but  my   limits 
will     permit     only    a 
gQ  statement  of  the  gene- 
ral results. 

Some  of  the  results 
deduced  by  Schroeter 
are    the    following : — 
That  the  central  globe 
of  light,   or    what  he 
calls   the  nucleus,  was 
gj  60,000  mJles  in  diam- 
eter, or  nearly  six  and  a 
half  times  the  diameter 
of  the  earth,  which  he 
deduced  from  the  mean 
of  twenty-seven    mea* 
distance  equal  to  its  breadth,  and  appeared  as 
unconnected  as  the  ring  of  Saturn  w)tn  its 
body,  and  which  sometimes  appeared  daiker 
than  the  open  sky.  The  diameter  of  this  cxte« 
rior  part  of  the  head  was  34'  1 5'',  or  about  947,- 
000  miles,  which  is  larger  than  the  diameter  of 
the  sun,  and  which  he  thinks  nnist  have  formed 
a  hollow  cone  around  the  nucleus,  and  which 
he  thought  indicated  a  force  of  a  repulsive  na- 
ture residing  in  the  nucleus.     Between  the 
4th  and  6th  of  December  a  great  revolution 
took   place;    the    rarefied   nebulous   matter, 
which  had  for  three  months  been  so  unusually 
repelled   from  the  nucleus   on  every  side,  to 
a  distance  of  about  one-fifth  of  the  diameter 
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of  the  head,  or  190,000  milb's,  was  again 
attracted  to  it,  affording  an  incontrovertible 
proof  of  physical  action  upon  a  great  scale, 
arising  doubtless  from  the  same  causes  which 
produce  the  other  phenomena  of  nature.  The 
double  tail  of  this  comet  was  exceeding  faint 
compared  with  the  nucleus  and  coma.  On 
the  23d  of  October,  it  extended  fully  eighteen 
degrees,  notwithstanding  its  oblique  position, 
the  angle  at  the  sun  being  then  61°  23^;  at 
the  earth,  69°  ;  and  at  the  comet,  49°  3/. 
Had  it  been  viewed  at  right  angles,  it  would 
have  subtended  an  angle  of  36°  36'',  equiva- 
lent to  more  than  60,000,000  of  miles,  which 
is  more  than  half  the  distance  from  the 
earth  to  tiie  sun.  Coruscation,  similar  to 
those  which  appeared  in  the  tail  of  the  comet 
of  1807,  were  likewise  perceived,  particularly 
on  October  the  16th,  when  a  small  tail  instan- 
taneously appeared,  then  vanished,  and  reap- 
peared, which  was  in  length  equal  to  three 
times  the  diameter  of  the  comet's  head,  or 
2,373,000  miles.  Other  displays  of  the  same 
kind  took  place  on  the  7th  of  November  and 
the  18th  of  December.  These  facts,  of  the 
reality  of  which  Schroeter  entertained  not  the 
least  doubt,  must  be  considered  as  very  curious 
and  extraordinary  phenomena.* 

Herschel's  observations  nearly  agree  with 
those  ol'  Schroeter,  excepting  that  he  estimates 
the  diameter  of  the   nucleus  as  very    much 

*  Having  referred,  on  various  occasions,  to  the 
observations  of  that  indefatigable  astronomer, 
Schroeter,  of  Lilienthal,  it  may  not  be  uninterest- 
ing to  some  readers  to  insert  the  account  of  the 
losses  he  sustained  by  the  burning  and  plunder  of 
his  observatory,  as  expressed  in  his  own  pathetic 
language  : 

*'  Ai  length,  after  the  most  touching  afllictions 
of  mortality,  I  once  more  awake  in  my  temple 
consecrated  to  the  Eternal  Oodliead,  and  am  again 
able,  after  a  total  derangement  of  my  affairs,  to 
edit  these  collections  concerning  the  great  comet 
of  1811.  Through  the  most  barbarous  fury,  in  con- 
sequence of  an  equally  barbarous  decision,  the 
whole  innocent  soft  vale  of  JJlies  [the  significa- 
tion of  the  name  of  Lilienthal,  where  his  obser- 
vatory was  situated]  was  burnt  to  the  ground, 
without  any  prev4ous  examination.  They  like- 
wise burnt  down  the  royal  government  buildings. 
1  lost  my  whole  movable  property,  and,  what 
was  most  sensibly  felt  by  me,  amongst  it,  with  a 
considerable  loss  alsotolhe  booksellers  of  Eu- 
rope, the  sole  copy  of  the  whole  of  my  works  and 
writings  deposited  in  tlie  government  house. 
Even  my  obs(;rvatory  preserved  by  Providence 
from  the  fire,  Avas  a  few  days  afterwards  broken 
into,  plundered,  and  shamefully  thrown  into  con- 
fusion by  demolishing  the  clocks,  breaking  off  the 
finders  from  the  instruments,  and  carrying  off  the 
smaller  instruments.  Previously,  indeed,  having 
been  removed  from  my  post,  my  income  had  gra-* 
dually  become  so  very  straitened,  I  was  obliged 
to  forego  all  but  the  most  necessary  outlays,  and 
to  give  myself  up  to  a  scientific  slumber.  Under 
the  endurance  of  these  troubles  all  my  scientific 
patrons  and  friends  will  doubtless,  as  far  as  pos- 
sible, excuse  me,  if  through  melancholy,  and  on 
account  of  the  extraordinary  hiu'h  rate  of  postage, 
I  have  been  compelled  to  put  out  of  sight  so  many 
obligations  of  courtesy  ;   for  to  the  present  time 


smaller  than  what  is  stated  above.  He  esti- 
mates the  greatest  length  of  the  tail,  as  seen 
on  the  15th  of  October,  to  have  been  100,- 
000,000,  or  a  hundred  millions  of  miles,  which 
consequently  extended  over  a  space  larger 
than  that  which  intervenes  between  the  earth 
and  the  sun ;  and  its  breadth^  as  deduced 
from  the  observations  of  October  the  12th, 
nearly  fifteen  millions  of  miles.  He  calculated 
its  distance  when  nearest  to  the  earth  to  be 
about  113  millions  of  miles.  He  concluded 
that  the  solid  matter  of  the  comet  was  spheri- 
cal, that  it  shone  in  part  by  its  own  native 
light,  and  that  it  probably  had  a  rotation  round 
its  axis.  From  the  most  accurate  observations 
of  the  motion  of  this  comet,  its  period  of 
revolution  has  been  calculated  to  exceed  3000 
years.  Bessel  computes  it  at  33S3  years ; 
and  several  other  astronomers  conceive  its 
period  to  be  considerably  longer,  even  exceed- 
ing 4000  years. 

9.  Reappearance  of  HuUey^s  Comet  in 
1835.  The  return  of  this  comet  was  calcu- 
lated by  Messrs.  Damoiseau  and  Pontecoulant; 
the  former  of  whom  calculated  its  return  to 
the  perihelion  on  the  4th,  and  the  latter  on 
the  7th  of  November,  1835,  and  it  actually 
arrived  at  that  point  only  a  few  days  after 
these  periods,  namely,  on  the  lOth  of  Novem- 
ber. It  was  first  seen  on  the  continent  in  the 
month  of  August  that  year,  but  does  not  ap- 
pear to  have  been  noticed  in  the  northern 
parts  of  Britain  till  more  than  a  month  after- 
wards. Its  expected  reappearance  excited 
universal  attention  throughout  Europe.  Soon 
after  the  middle  of  September,  as  I  was  taking 
a  sweep  with  a  two-leet  telescope  over  the 
north-eastern  quarter  of  the  heavens,  near  the. 
point  where  I  expected  its  appearance,  I  hap- 
pened to  fix  my  eye  on  this  long-expected  visi- 
ter, which  appeared  very  small  and  obscure. 
I  immediately  directed  an  excellent  three  and 
a  half  feet  achromatic  telescope,  with  a  diago- 
nal eye-piece,  magnifying  about  thirty-four 
times,  to  the  comet,  when  it  was  distinctly 
seen,  and  appeared  of  a  considerable  diameter, 
but  still  somewhat  hazy  and  obscure.  I  after- 
wards applied  a  power  of  forty -five,  and 
another  of  niriety-five  ;  but  it  was  seen  most 
distinctly  with  the  lower  power.  With  ninety- 
five  it  appeared  extremely  obscure,  and  nearly 
of  the  apparent  size  of  the  moon.f  There 
appeared  at  this  time  nothing  like  a  tail,  but 

every  thing  is  so  straitened  with  me  that  my  ob- 
servatory, from  want  of  time  and  heavy  expenses 
is  for  the  most  part  a  confusion. 

"JOH    HlERONYM,  SCHROETEH.*' 

^''  Lilienthal^  Jan.  22,  1815." 

Schroeter  did  not  long  survive  the  calamity  al- 
luded to  above.  He  diod  on  the  29th  of  August, 
1816,  in  the  71st  year  of  his  age. 

i-  In  viewing  comets,  telescopes  with  large  aper- 
tm-es  and  comparatively  low  magnifying  powers 
should  generally  be  used,  as  the  faint  light  ernil^ 
(6S3) 
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the  central  part  was  much  more  luminous 
than  the  other  portions  of  the  comet,  and  pre- 
sented something  like  the  appearance  of  a  star 
of  the  third  or  fourth  magnitude  surrounded 
with  a  haze.  In  some  of  the  views  I  took  of 
this  ohject,  the  luminous  part  or  nucleus  ap- 
peared to  be  considerably  nearer  one  side  than 
another.  At  this  period,  and  for  a  week  or 
ten  days  afterwards,  the  comet  was  altogether 
invisible  to  the  naked  eye.  Many  subsequent 
observations  were  made,  and  published  in  the 
provincial  newspapers,  but  which  my  present 
limits  prevent  me  from  inserting. 

After  the  comet  became  visible  to  the  naked 
eye,  the  tail  began  to  appear,  and  increased  in 
length  as  it  approached  its  perihelion,  and  at 
its  utmost  extent  was  estimated  to  be  above 
thirty  degrees  in  length.  On  the  13th  of  Oc- 
tober, according  to  the  observations  of  Arago, 
a  luminous  sector  was  visible  in  its  head  ;  on 
the  day  following,  the  sector  had  disappeared, 
and  a  more  brilhant  one  and  of  greater  longi- 
tudinal extent  was  formed  in  another  place. 
This  second  sector  was  observed  on  the  17th, 
when  it  appeared  less  bright;  and  on  the  18th 
its  weakness  had  decidedly  increased.  The 
comet  was  concealed  till  the  21st,  but  on  that 
■day  three  distinct  sectors  were  visible  in  the 
nebulosity.  On  the  23d,  all  traces  of  these 
sectors  had  disappeared,  the  nucleus,  which 
had  previously  been  brilliant  and  well-defined, 
having  become  so  large  and  diffuse  that  the 
observer  could  scarcely  believe  in  the  reality 
of  such  a  sudden  and  important  alteration,  till 
he  satisfied  himself  that  the  appearance  was 
not  occasioned  by  the  moisture  on  the  glasses 
of  his  instrument.  It  appears,  likewise,  that 
one  of  these  luminous  fans  or  sectors  was  ob- 
served by  Sir  J.  Herschel,  at  the  Cape  of 
Good  Hope,  after  the  comet  had  passed  its 
perihelion.  The  nebulosity  of  this  comet  ap- 
pears to  have  increased  in  magnitude  as  it  ap- 
proached the  sun,  but  its  changes  were  some- 
times unaccountably  rapid.  On  one  occa- 
sion it  was  observed  to  become  obscure  and 
enlarged  in  the  course  of  a  few  hours,  though 
a  little  before,  its  nucleus  was  clear  and  well- 
defined.  On  the  1 1th  of  October,  the  Rev.  T. 
W.  Webb,  and  two  other  observers,  observed 
coruscations  in  the  tail.  On  that  evening, 
at  7'^  30',  the  tail  was  very  conspicuous,  ex- 
tending between  x  and  y  Draconis,  and  evi- 
dently fluctuated,  or  rather  coruscated,  in 
length,  being  occasionally  short,  and  then 
stretching  in  the  twinkling  of  an  eye  to  its  full 
extent,  which  was  at  least  equal  to  ten  de- 
grees. Its  changes  were  extremely  similar  to 
the  kindling  and  fading  of  a  very  faint  streamer 
3f  the  Aurora  Borealis. 

led  by  comets,  wlielher  it  be  inherent  or  reflected, 
will  not  permit  the   use  of  so   high  magnifying 
p^>wers  as  rnay  be  applied  to  the  planets. 
(684) 


*<  The  influence  ot  the  ethereal  medium  cm 
the  motion  of  Halley's  comet  will  bo  known 
after  another  revolution,  and  future  astrono- 
mers will  learn,  by  the  accuracy  of  its  returns, 
whether  it  has  met  with  any  unknown  cause 
of  disturbance  in  its  distant  journey.  Undis- 
covered planets  beyond  the  visible  boundary 
of  our  system  may  change  its  path  and  the 
period  of  its  revolution,  and  thus  may  hidirectly 
reveal  to  us  their  existence,  and  even  their 
physical  nature  and  orbit.  The  secrets  of  the 
yet  more  distant  heavens  may  be  disclosed  to 
future  generations  by  comets  which  penetrate 
still  further  into  space,  such  as  that  of  1763, 
which,  if  any  faith  may  be  placed  in  the  com- 
putation, goes  nearly  43  times  further  from 
the  sun  than  Halley's  does,  and  shows  that 
the  sun's  attraction  is  powerful  enough  at  the 
distance  of  144,600  millions  of  miles  to  recall 
the  comet  to  its  perihelion.  The  periods  of 
some  comets  are  said  to  be  many  thousand 
years,  and  even  the  average  time  of  the  revolu- 
tion of  comets  generally  is  about  a  thousand 
years;  which  proves  that  the  sun's  gravitating 
force  extends  very  far.  La  Place  estimates  that 
the  solar  attraction  is  felt  throughout  a  sphere 
whose  radius  is  a  hundred  milhons  of  times 
greater  than  the  distance  of  the  earth  from  th© 
sun."  "  The  orbit  of  Halley's  comet  is  four 
times  longer  than  it  is  broad;  its  length  is 
about  3420  millions  of  miles,  about  36  times 
the  mean  distance  of  the  earth  from  the  sun. 
At  its  perihelion  it  comes  within  57  millions 
of  miles  of  the  sun,  and  at  its  aphelion  it  is 
60  times  more  distant.  On  account  of  this 
extensive  range,  it  must  experience  3C0O  times 
more  light  when  nearest  to  the  sun  than  in 
the  most  remote  point  of  its  orbit.  In  the 
one  position  the  sun  will  seem  to  be  four  times 
larger  than  he  appears  to  us,  and  at  the  other 
he  will  not  be  apparently  larger  than  a  star.* 

The  appearance  of  this  comet,  so  near  the 
time  predicted  by  astronomers,  and  in  positions 
so  nearly  agreeing  with  those  which  Vi'ere  pre- 
viously calculated,  is  a  clear  proof  of  the  as- 
tonishing accuracy  which  has  been  introduced 
into  astronomical  calculations,  and  of  the 
Boundness  of  those  principles  on  which  the 
astronomy  of  comets  is  founded.  It  likewise 
shows,  that  comets,  in  general,  are  'permanent 
bodies  connected  with  the  solar  system,  and 
that  no  very  considerable  change  in  their  con- 


*  Mrs.  Somerville's  "  Connexion  of  the  Physi- 
cal Sciences,"  a  work  which,  lliough  written  in 
a  popular  style,  would  do  lionour  to  the  first  i)hi- 
losophers  of  Europe.  Of  this  lady's  profound 
matliematical  work  on  the  "  iMechanisni  of  the 
Heavens,"  the  Edinburg  Heviewers  remark — "It 
is  unquestionably  one  of  the  most  remarkable 
works  that  female  intellect  ever  produced  in  any 
age  or  co\intry  ;  and  with  respect  to  the  present 
day,  we  hazard  little  in  saying,  that  Mrs.  Some/ 
ville  is  the  only  individual  of  her  sex  in  the  world 
who  could  have  written  it." 
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stitutivJii  takes  place  while  traversing  the  dis- 
tant pans  of  their  Orbits.* 

From  the  preceding  historical  sketches  and 
descriptions,  the  reader  will  learn  something 
of  the  general  phenomena  of  comets ;  and  I 
shall  now  briefly  inquire  into  the  opinions 
which  have  been  formed  respecting  the 

PHYSICAL    CONSTITUTION    OF    COMETS. 

On  this  subject  our  knowledge  is  very  im- 
perfect; in  fact,  we  may  be  said  to  know 
little  or  nothing  of  the  ph3''sical  construction 
of  those  mysterious  bodies,  or  of  tlie  nature 
of  the  substances  of  which  they  are  composed. 
In  regard  to  the  nebubsity  of  comets,  where 
there  appears  no  nucleus,  it  has  been  con- 
jectured to  be  composed  of  something  analo- 
gous to  globular  masses  of  vapour,  slightly 
condensed  towards  the  centre,  and  shining 
either  by  inherent  light  or  by  the  reflected 
rays  of  the  sun.  When  there  is  a  nucleus  in 
the  centre  of  a  comet,  it  seldom  happens  that 
the  nebulosity  extends  to  it  with  a  gradually 
increasing  intensity.  On  the  contrary,  the 
parts  of  the  nebulosity  near  the  nucleus  are 
but  slightly  luminous,  and  seem  to  be  ex- 
tremely rarefied  and  transparent.  At  some 
distance  from  their  centre,  their  shining 
quality  is  suddenly  increased,  so  that  it  looks 
like  a  ring  of  invariable  size  resting  in  equi- 
librium around  the  centre.  Sometimes  two, 
and  even  three  of  these  concentric  rings  have 
been  perceived  separated  by  intervals;  but 
what  appears  to  be  a  ring  must  in  reality  be 
a  spherical  coverings  an  idea  of  which  may 
be  formed  by  imagining,  in  our  atmosphere, 
at  three  different  heights,  three  continued 
layers  of  clouds  entirely  covering  the  globe. 
The  matter  of  the  nebulosity  is  so  rare  and 
transparent  that  the  smallest  stars  may  fre- 
quently be  seen  through  it. 

As  to  the  nucleus,  it  is  generally  con- 
sidered as  the  sohd  or  densest  part  of  the 
comet.  The  nuclei  of  comets  are  sometimes 
very  similar  to  the  disks  of  planets,  both  in 
form  and  brightness.  They  are  generally 
small  compared  with  the  whole  size  of  the 
comet ;  but  in  some  cases  they  are  of  con- 
siderable magnitude,  as  we  have  already 
stated  in  respect  to  the  comets  of  1807  and 
1811.  Some  suppose  that  the  nuclei  of  comets 

*  The  most  particular  observations  on  Halley's 
comet,  during  its  appearance  in  1835,  which  I  have 
seen,  are  those  which  were  made  by  the  Rev.  T. 
W.  Webb,  of  Tretire,  near  Ross,  an  account  of 
which,  with  deductions  and  remarks,  was  read  to 
the  Worcestershire  Natural  History  Society. 
The  observations  were  made  with  an  excellent 
achromatic  telescope  by  Tulley,  of  5  feet  6  in- 
ches focal  length,  and  4  7-10  inches  aperture. 
Through  the  kitidness  of  this  gentleman  I  was  fa- 
voured with  a  manuscript  copy  af  these  observa- 
tions, and  would  have  availed  myself  of  many  of 
ais  judicious  remarks,  had  my  limits  permitted. 


are  transparent,  as  well  as  their  nebulosities, 
and  allege  as  a  proof  that  stars  have  been 
seen  through  a  nucleus.  Thus,  Montaigne  is 
said  to  have  seen  a  star  of  the  sixth  magni- 
tude through  the  nucleus  of  a  small  comet, 
and  Olbers  saw  a  star  of  the  seventh  magni- 
tude, although  it  was  covered  by  a  comet,  and 
without  its  light  being  rendered  less  powerful , 
but  the  accuracy  of  such  observations  has 
been  called  in  question.  On  the  other  hand, 
it  has  been  concluded  that  the  nucleus  of  a 
comet  has  on  several  occasions  eclipsed  a  star 
which  was  in  the  same  line  of  vis  ion. 
Messier,  when  observing  the  small  comet  of 
1 774,  perceived  a  star  which  was  eclipsed  by 
the  opaque  body  of  a  comet,  or  at  least,  all 
the  circumstances  attending  it  led  to  that 
conclusion.  On  the  28th  of  Nov.  1828,  at 
10^  30'  P.M.,  M.  Wartmann,  at  Geneva,  per- 
ceived a  star  of  the  eighth  magnitude  com- 
pletely eclipsed  by  Encke's  comet.  Comets 
have  likewise  been  observed  to  transit  the 
disk  of  the  sun  like  dark  spots.  M.  Gambart, 
of  Marseilles,  calculated  that  a  comet  which 
he  had  observed  would  pass  across  the  sun  on 
the  morning  of  the  18th  of  November,  1826, 
and  both  he  and  M.  Flaucerques  were  success- 
ful in  obtaining  a  sight  of  it  during  its  transit. 
Mr.  Capel  Llofft,  on  the  6th  June,  1818,  at 
11  A.M.,  saw  a  body  passing  over  the  sun^s 
disk,  which  appears  to  have  been  a  comet, 
It  was  likewise  seen  on  the  same  day  by  Mr. 
Acton,  at  2''  30',  considerably  advanced  be- 
yond the  point  in  which  it  was  seen  at  1 1 
A.M.,  and  its  progress  over  the  disk  seems  to 
have  exceeded  that  of  Venus  in  transit. 
These  observations  seem  evidently  to  indicate 
that  some  comets  at  least  have  nuclei  com- 
posed of  solid  and  opaque  materials.  From 
all  the  observations  in  relation  to  this  point, 
collected  by  M.  Arago,  he  deduces  the  follow- 
ing conclusions:  1.  That  there  exist  some 
comets  destitute  of  the  nucleus.  2.  That 
there  are  other  comets,  the  nuclei  of  which 
are  transparent.  3.  That  there  are  also 
comets,  which  are  more  brilliant  than  the 
planets,  the  nuclei  of  which  are  probably  solid 
and  opaque. 

In  respect  to  the  tail,  or  luminous  train 
which  generally  accompanies  comets,  it  is 
found  that  it  is  generally  in  opposition  to  the 
sun,  or  on  the  prolongation  cf  the  line  vi^liich 
would  join  the  sun  and  the  nucleus.  But 
this  is  not  always  the  case.  Sometimes  the 
direction  of  the  tail  has  been  found  at  right 
angles  with  this  line;  and  in  some  extra* 
ordinary  instances,  the  tails  of  comets  have 
been  observed  to  point  directly  towards  the 
sun.  This  was  the  case  with  a  comet  that 
appeared  in  1824,  which  for  about  eight  dayf 
exhibited  an  additional  luminous  train  in 
opposition  to  that  which  assumed  the  ordinary 
3  M  (686) 
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direction.  This  anomalous  tail,  according  to 
Olbers,  was  7°  long,  while  the  other  was 
only  3^*^,  and  it  was  bright  enough  to  be  seen 
with  an  opera-glass.  In  general,  however,  it 
is  found  that  the  tail  inclines  constantly  to- 
wards the  region  last  quitted  by  the  comet,  as 
if  in  its  progress  through  an  ethereal  medium, 
the  matter  forming  it  experienced  more  re- 
sistance than  that  of  the  nucleus.  The  tail 
is  generally  enlarged  in  proportion  to  its  dis- 
tance from  the  head  of  the  comet,  and  in  cer- 
tain cases  it  is  divided  into  several  branches, 
as  already  noticed  of  the  comet  of  1807. 
Some  have  supposed  that  the  divided  tail  is 
nothing  more  than  a  perspective  representa- 
tion of  the  sides  of  a  great  hollow  cone  ;  but 
there  are  certain  observations  which  seem  to 
prove  that,  in  some  cases,  they  have  a  sepa- 
rate existence  as  independent  branches.  The 
most  remarkable  instance  of  a  divided  tail 
was  in  the  comet  of  1744.  On  the  6th  and 
7th  of  March,  there  were  six  branches  in  the 
tail,  each  of  them  about  4°  in  breadth,  and 
from  30°  to  40°  long.  Their  edges  were 
pretty  well  defined  and  tolerably  bright ;  their 
middle  emitted  but  a  feeble  light,  and  the  in- 
tervening spaces  were  as  dark  as  the  rest  of 
the  firmament.  The  tails  of  c(^mets,  as  al- 
ready noticed,  sometimes  cover  an  immense 
space  in  the  heavens.  The  comet  of  1G80 
had  a  tail  which  extended  to  68°,  that  of  1811 
to  23°,  and  that  of  1769  to  97°  in  length ;  so 
that  some  of  these  tails  must  have  reached 
from  the  zenith  to  the  horizon.  The  length 
of  the  tail  of  the  comet  of  1680,  estimated  in 
miles,  was  112,750,000;  that  of  1769,  44,- 
000,000  ;  and  that  of  1744,  8,250,000  miles. 
A  body  moving  at  the  rate  of  20  miles  every 
hour  would  not  pass  over  the  space  occupied 
by  the  tail  of  the  comet  of  1 680  in  less  than 
643  years.  It  has  been  supposed  by  some 
astronomers  that  certain  changes  in  the  ap- 
pearance of  the  tails  of  comets  arise  from  the 
rotation  of  the  cometary  body  ;  as  some  comets 
have  been  supposed  to  rotate  about  an  axis 
passing  through  the  centre  of  the  tail,  such 
as  that  of  1825,  which  was  concluded  from 
certain  appearances,  to  perform  its  rotation 
in  20  hours,  30  minutes. 

As  to  the  nature  of  the  immense  tails  of 
comets,  their  origin,  or  the  substances  of  which 
they  are  composed,  we  are  entirely  ignorant, 
and  it  would  be  wasting  time  to  enter  into 
any  speculation  on  this  subject,  as  nothing 
could  be  presented  to  the  view  of  the  reader 
but  vague  conjectures,  gratuitous  hypotheses, 
and  unfounded  theories, 

MISCELLAN^EOUS    REMARKS    ON"    COMETS. 

1.   Wfiether  comets  shine  with  their  own 
native  lights  or  derive  their  light  from  the 
sun  .'—-This  is  a  question  about  which  there 
{QSQ) 


have  been  different  opinions,  and  at  the  pre 
sent  moment  it  may  be  considered  as  still  uk 
determined,  though  the  probability  is,  that  in 
general,  they  derive  their  light  from  the  same 
source  as  the  planets.     It  appears  to  have 
been  the  opinion  of  both  Schroeter  and  Her- 
schel,  that  the  comet  of  1811  shone  by  in- 
herent light ;  and  the  rapid  variations  which 
have  been  observed  in  the  brightness  of  the 
nucleus,  and  the  coruscations  of  the  tail,  are 
considered  by  some   as  inexplicable   on  any 
other  hypothesis.      It  is    likewise  supponed 
that  certain  phenomena  which  have  been  ob» 
served  in  the  case  of  faint  and  rarefied  comets 
tend  to  corroborate  the  same  position.     For 
example.  Sir  J.  Herschel,  on  September  23, 
1832,  saw  a  small  group  of  stars  of  the  16th 
and   17th  magnitude  through  the  comet  of 
Biela.     Though  this  group  could  have  been 
effaced  by  the  most  trifling  fog,  yet  they  were 
visible  through  a  thickness  of  more  than  50,- 
000  miles  of  cometary  matter ;  and  therefore 
it  is  supposed  scarcely  credible  that  so  trans- 
parent a  material,  affording  a  free  passage  to 
the  light  of  such  minute  stars,  could  be  capa- 
ble of  arresting  and  reflecting  to  us  the  solar 
rays.     On  the  other  hand,  it  has  been  ob- 
jected to  this  opinion,  that  comets  have  ap- 
peared as  dark  spots  on  the  disk  of  the  sun ; 
that  their  light  exhibits  traces  of  polarization  ; 
and  that  they  have  been  occasionally  observed 
to  exhibit  phases.     M.  Arago  remarks,  that 
"  on  the  very  day  that  any  comet  shall  ap- 
pear with  a  distinct  phase,  all  doubts  on  this 
subject  will    have  ceased."     But   it   is  con- 
sidered doubtful  whether  any  decided  phase 
has  yet  bepn  perceived,  although  some  ob- 
servers were  led,  from  certain  phenomena,  to 
infer  that  something  like  a  phase  was  pre- 
sented  to   their  view.     It   is  found   that  all 
direct  light  constantly  divides  itself  into  two 
points  of  the  same  intensity  when  it  traverses 
a  crystal  possessing  the  power  of  double  re- 
fraction ;  reflected  light  gives,  on  the  contrary, 
in  certain  portions  of  the  crystal  through  which 
it  is  made  to  pass,  two  images  of  unequal  in- 
tensity, provided  the  angle,  of  reflection  is  not 
90°  ;  in  other  words,  it  is  polarized  in  the 
act  of  reflection.    On  this  principle,  M.  Arago 
pointed  out  a  phometrical  method  of  deter- 
mining whether  comets   borrow  their   light 
from  the  sun,  or  are  luminous  in  themselves. 
On  the  23d  of  October,  1835,  having  applied 
his   new   apparatus    to    the    observation   of 
Halley's    comet,   he    immediately   saw   two 
images  presenting  the  complementary  colours, 
one  of  them  red,  the  other  green.     By  turn- 
ing  the  instrument  half  round,  the  red  image 
became  green,  and  vice  versa.    He  conclude(] 
therefore  that  the  light  of  the  comet,  at  leasi 
the  whole  of  it,  is  not  composed  of  rays  pos- 
sessing the  property  of  direct  light,  but  con- 
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gists  of  that  which  is  polarized  or  reflected 
specularly  :  that  is,  of  light  derived  from  the 
sun.  These  experiments  were  repeated  with 
the  same  result  by  thre?  other  observers  in 
the  Observatory  of  Paris. 

2.  It  appears  to  be  a  remarkable  fact  in  re- 
spect to  comets,  that  the  real  diameter  oj  *he 
nehidosity  increases  proportionably  as  the 
comet  BECOMES  DISTANT  from,  the  sun. 
Hevelius  appears  to  have  been  the  first  who 
made  this  observation ;  but  it  seems  to  have 
been  overlooked,  and  even  an  opposite  posi- 
tion maintained.  As  the  tails  of  comets  in- 
crease in  length  as  they  approach  their  peri- 
helia, so  it  was  generally  considered  that  the 
nebulosities  followed  the  same  law ;  but  the 
observations  which  have  lately  been  made  on 
Biela's  comet  have  confirmed  the  observations 
of  Hevehus.  On  the  28th  of  October,  1828, 
this  comet  was  found  to  be  nearly  three  times 
further  from  the  sun  than  on  the  24th  of  De- 
cember, or  in  the  proportion  of  1.4617,  to 
0.5419,  yet  in  October  its  diameter  was  about 
twenty-six  times  greater  than  in  December, 
or  in  the  proportion  of  79.4  to  3.1 ;  that  is,  its 
sohd  contents  on  the  28th  of  October  were 
16,800  times  greater  than  on  the  24th  of  De- 
cember, and  the  smallest  size  of  the  comet 
corresponded  to  its  least  distance  from  the 
sun.  M.  Valz,  of  Nimes,  and  Sir  John  Her- 
8chel  have  attempted  to  account  for  this  cir- 
cumstance on  very  different  principles,  but 
neither  hypothesis  appears  to  be  satisfactory. 

.3.  Whether  a  comet  may  ever  come  in 
contact  vjith  the  earthy  and  produce,  a  con- 
cussion?— As  comets  move  in  orbits  which 
form  extremely  elongated  ellipses;  as  they 
move  in  all  imaginable  directions;  as  they 
kaverse  almost  every  part  of  the  solar  system 
in  returning  from  the  furthest  verge  of  their 
excursions ;  as  they  penetrate  within  the  inte- 
rior of  the  planetary  orbits — even  within  the 
orbit  of  Mercury,  and  cross  the  orbits  of  the 
earth  and  the  other  planets,  it  is  not  impos- 
sible that  a  comet  may  come  in  contact  with 
our  globe.  An  apprehension  of  such  an  event 
produced  a  considerable  degree  of  alarm  on 
the  Continent  at  different  periods,  particularly 
in  1773  and  1832,  as  formerly  stated.  But 
when  we  consider  the  immense  cubical  space 
occupied  by  the  planetary  system  in  which 
the  comets  move,  and  compare  it  with  the 
small  capacities  of  these  bodies ;  and  when  we 
take  into  view  certain  mathematical  calcula- 
tions in  reference  to  the  subject,  the  probabi- 
lity of  a  shock  from  a  comet  is  extremely 
small.  "L*^t  u«  suppose,"  says  Arago,  "a 
comet  of  which  we  only  know  that  at  its  pe- 
rihelion it  is  nearer  the  sun  than  we  are,  and 
that  its  diameter  is  one-fourth  of  that  of  the 
earth,  the  calculation  of  probabilities  shows 
that  of  281,000,000  of  chances  there  is  only 


one  unfavourable,  there  exists  but  one  which 
can  produce  a  colhsion  between  the  two 
bodies.  As  for  the  nebulosity,  in  its  most 
general  dimensions,  the  unfavourable  chances 
will  be  from  ten  to  twenty  in  the  same  num- 
ber of  two  hundred  and  eighty-one  millions. 
Admitting  then,  for  a  moment,  that  the  comets 
which  may  strike  the  earth  with  their  nuclei 
would  annihilate  the  whole  human  race,  then 
the  danger  of  death  to  each  individual  result- 
ing from  the  appearance  of  an  unknoum 
comet,  would  be  exactly  equal  to  the  risk  he 
would  run  if  in  an  urn  there  was  only  one 
single  white  ball  of  a  total  number  of  281,- 
000,000  balls,  and  that  his  condemnation  to 
death  would  be  the  inevitable  consequence  of 
the  white  ball  being  produced  at  the  first 
drawing." 

When  we  consider  that  a  Wise  and  Al- 
mighty Ruler  superintends  and  directs  the 
movements  of  all  the  great  bodies  in  the  uni- 
verse, and  the  erratic  motions  of  comets  among 
the  rest ;  and  that  no  event  can  befall  our 
world  without  his  sovereign  permission  and 
appointment,  we  may  repose  ourselves  in  per- 
fect security  that  no  catastrophe  from  the  im- 
pulse of  celestial  agents  shall  ever  take  place 
but  in  unison  with  his  will,  and  for  the  ac- 
complishment of  the  plans  of  his  universal 
providence.  At  the  same  time,  the  possi- 
bility of  a  shock  fi:om  a  large  comet  shows  us 
that  this  earth  and  all  its  inhabitants  are  de- 
pendent for  their  present  existence  and  com- 
forts on  the  will  of  an  Almighty  Agent,  "in 
whom  we  live,  and  move,  and  have  our  being;" 
and  that  were  it  conformable  to  his  allwise 
and  eternal  designs,  he  could  easily  disarrange 
the  structure  of  our  globe,  and  reduce  its  in- 
habitants either  to  misery  or  to  complete 
destruction;  and  that,  too,  without  altering  a 
single  physical  law  which  now  operates 
throughout  the  universe. 

If  we  recognize  the  Scriptures  as  a  revela- 
tion from  God,  we  may  rest  assured  that  no 
danger  from  such  a  cause  can  happen  to  our 
world  for  ages  yet  to  come  ;  for  there  are 
many  important  predictions  contained  in  re- 
velation which  have  not  yet  received  their 
accomplishment,  and  must  be  fulfilled  before 
any  fatal  catastrophe  can  happen  to  our 
globe.  It  is  predicted  that  the  Jews  shall  be 
brought  into  the  Christian  church  "with  the 
fulness  of  the  Gentiles," — that  "  the  idols  of 
the  nations  shall  be  abolished," — that  "wars 
shall  cease  to  the  ends  of  the  earth," — that 
the  kingdom  of  Messiah  shall  extend  over  all 
nations,— that  "  the  knowledge  of  Jehovah 
shall  cover  the  earth,  and  that  all  shall  know 
him  firom  the  least  to  the  greatest,"— -that 
"  the  earth  shall  yield  its  increase,"  and  ita 
desolate  wastes  be  cultivated  arid  mhabited,— - 
that  moral  order  shall  prevail,  and  "  righteous^ 
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ness  and  praise  spring  forth  before  all  the 
nations," — and  that  this  happy  era  of  the 
world  shall  centinue  during  a  lapse  of  ages. 
These  events  have  not  yet  been  accomplished, 
though  at  the  present  moment  they  appear 
either  in  a  state  of  commencement  or  of  pro- 
gression ;  but  they  cannot  be  supposed  to  be 
fully  realized  till  after  a  lapse  of  centuries. 
The  believer  in  Divine  revelation,  tlierefore, 
has  the  fullest  assurance  that,  whatever  di- 
rections comets  may  take  in  their  motions 
towards  the  centre  of  oui  system,  none  of 
them  shall  be  permitted  to  impinge  upon  our 
globe,  or  to  effect  its  destruction,  for  at  least  a 
thousand  years  to  come,  or  till  the  above  and 
other  predictions  be  completely  accomplished. 
4.  Another  question  occurs  on  this  sub- 
ject— namely,  wkether  any  comets  have  ever 
fallen  into  the  sun  ? — It  was  the  opinion  of 
Sir  Isaac  Newton  that  one  purpose  for  which 
comets  are  destined  is,  to  recruit  the  sun 
with  fresh  fuel,  and  repair  the  great  consump- 
tion of  his  light  by  the  streams  continually 
emitted  every  way  from  that  luminary ;  and 
that  such  comets  as  come  very  near  the  sun 
in  their  perihelions  meet  every  time  with  so 
much  resistance  from  his  atmosphere  as  to 
abate  their  projectile  force ;  by  the  constant 
diminution  of  which,  the  centripetal  power, 
or  gravitation  towards  the  sun,  would  be  so 
increased  as  to  make  them  fall  into  his  body. 
On  a  similar  principle,  Arago  supposes  that 
the  comet  of  1680,  which  approached  so  near 
the  body  of  the  sun,  must  have  passed  nearer 
to  his  surface  at  that  time  than  at  its  preced- 
ing apparitions ;  that  the  decrease  in  the 
dimensions  of  the  oi-bit  will  continue  on  each 
succeeding  return  to  its  point  of  perihelion ; 
and  that  "  it  will  terminate  its  career  by  fall- 
ing upon  the  sunr  But  he  acknowledges 
that,  "  from  our  ignorance  of  the  densities  of 
the  various  strata  of  the  sun's  atmosphere,  of 
that  of  the  comet  of  1680,  and  of  the  time  of 
its  revolution,  it  will  be  impossible  to  calculate 
after  how  many  ages  this  extraordinary  event 
is  to  happen ;"  and  he  likewise  admits  that 
"  the  annals  of  astronomy  do  not  afford  any 
reason  to  suppose  the  previous  occurrence  of 
such  an  event  since  the  origin  of  historical 
record ;"  so  that  we  have  no  direct  evidence 
that  such  an  event  has  ever  taken  place,  or 
that  it  ever  will.  We  know  too  little  of  the 
physical  constitution  of  the  sun,  and  of  the 
nature  of  comets,  to  be  able  to  assert  that  the 
falling  of  a  comet  into  the  sun  would  actually 
recruit  the  luminous  matter  of  which  his 
outer  surface  is  composed ;  for  we  have  rea- 
son to  believe  that  there  is  little  or  no  ana- 
logy between  the  mode  in  which  we  supply 
our  fires  by  means  of  fagots,  and  that  by 
«rhich  the  solar  light  is  recruited  and  pre- 
ierved  in  its  pristine  vigour ;  and  besides,  it 
(688) 


is  found  that  bodies,  particularly  in  certain 
electric  states,  may  be  rendered  lummous 
without  the  addition  of  any  extraneous  body 
to  their  substances. 

OF  THE  INFLUENCE  OF  COMETS  ON  THE 
EARTH. 

In  former  times  the  appearance  of  comets 
was  supposed  to  be  the  forerunner  of  wars, 
revolutions,  famine,  pestilence,  the  deaths  of 
great  men,  earthquakes,  inundations  and 
other  calamities.  When  the  splendid  comet 
of  1456  appeared,  (supposed  to  be  the  same 
as  Hal  ley's  comet,)  its  tail  extended  at  one 
time  over  more  than  60  degrees.  Three  days 
before  its  perihelion,  its  nucleus  was  as  bright 
as  a  fixed  star,  its  tail  of  the  colour  of  gold, 
and  it  appears  to  have  exhibited  coruscations* 
Pope  Calixtus,  believing  it  to  be  at  once  the 
sign  and  instrument  of  Divine  wrath,  was  so 
frightened  at  its  appearance  that  he  ordered 
public  prayers  to  be  offered  up  in  every  town, 
and  the  bells  to  be  tolled  at  the  noon  of  each 
day,  to  warn  the  people  to  supplicate  the 
mercy  of  Heaven.  He  at  the  same  time  ex- 
communicated both  the  comet  and  the  Turks, 
whose  arms  had  lately  proved  victorious 
against  the  Christians,  and  established  the 
custom,  which  still  exists  in  Catholic  coun- 
tries, of  ringing  the  church  bells  at  noon.  In 
modern  times,  certain  natural  effects  have 
likewise  been  attributed  to  the  influence  of 
comets ;  such  as  tempests,  hurricanes,  volca«> 
nic  eruptions,  cold  or  hot  seasons,  overflow- 
ings of  rivers,  fogs,  dense  clouds  of  flies  or 
locusts,  the  plague,  the  dysentery,  the  cholera, 
and  other  disorders. 

Mr.  T.  Forster,  a  respectable  writer  on  na- 
tural science,  author  of  "  Researches  about 
Atmospherical  Phenomena,"  &c.,  published 
in  1829  a  work  on  the  "Atmospherical 
Causes  of  Epidemic  Diseases,"  in  which  he 
maintains  that  the  most  unhealthy  periods 
are  those  during  which  some  great  comet  has 
been  seen ;  that  the  appearance  of  these 
bodies  has  been  accompanied  by  earthquakes, 
eruptions  of  volcanoes,  and  atmospheric  com- 
motions ;  and  that  no  comet  has  been  seen 
during  seasons  of  healthiness.  For  example, 
in  the  year  1665  a  comet  made  its  appear- 
ance, and  soon  afler  its  disappearance,  the 
city  of  London  was  ravaged  by  the  plague. 
In  1680  one  of  the  most  splendid  comets 
which  have  been  observed  in  modern  times 
made  its  appearance.  The  atmospheric  effect 
produced  by  its  influence,  according  to  Mr. 
Forster,  was  "  a  cold  winter,  followed  by  a 
dry  and  hot  summer,"  and  "  meteors  in  Ger- 
many." As  the  influence  of  comets  on  our 
globe  and  its  atmosphere  (if  such  an  influ- 
ence exists  must  have  a  respect  to  the  whole 
earth,  and  not  merely  to  any  particTiiar  poj» 
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Hon  of  it,  we  might  ask,  in  reference  to  the 
first  example,  v/hy  did  not  the  comet  of  1665 
produce  a  similar  effect  in  Amsterdam,  Vien- 
na, Paris  and  Madrid,  and  in  the  princips! 
cities  of  Asia,  Africa,  and  America  1  But  of 
such  effects  we  never  had  the  least  intimation. 
In  respect  to  the  second  example,  we  are 
warranted  to  inquire,  whether  the  cold  wintef 
was  followed  by  a  hot  summer  in  every  other 
climate  of  the  earth  1  whether  meteors  were 
as  common  in  Other  countries  as  in  Germany  I 
and  whether  the  comet  produced  opposite 
effects,  at  one  time  congealing  the  pools  and 
rivers,  and  at  another  scorching  the  earth 
with  heaf?  If  such  questions  cannot  be 
satisfactorily  answered,  we  are  not  warranted 
in  attributing  such  effects  to  the  influence  of 
comets. 

We  err  egregiously,  in  this  as  well  as  in 
many  other  respects,  when  we  infer,  from  two 
contemporaneous  events,  that  the  one  is  either 
the  sign  or  the  cause  of  the  other.  It  is  on 
a  principle  of  this  kind  that  some  persons  are 
led  to  attribute  the  events  to  which  we  have 
alluded  to  the  influence  of  comets.  Because 
an  inundation,  a  war,  a  political  convulsion, 
or  a  volcardc  eruption  has  taken  place  at  the 
time  of  the  approach  of  a  comet  to  this  part 
of  our  system,  therefore  they  conclude  that 
there  must  be  a  certain  connexion  between 
such  events,  and  that  the  one  is  the  cause, 
and  the  other  the  effect ;  while  the  two  events, 
in  point  of  fact,  may  not  have  the  slightest 
relation  to  each  other,  except  their  casual  oc- 
currence at  the  same  period.  We  might,  on 
the  same  g:ounds,  infer  that  the  rising  of  the 
star  Siriu^  iiiong  with  the  sun,  which  an- 
nounced to  the  Egyptians  the  rise  of  the  Nile, 
was  the  cause  of  the  annual  overflowing  of 
that  river.  Before  we  can  identify  any  event 
with  the  influence  of  a  comet,  we  must  not 
confine  our  views  to  an  event  or  two  in  our 
immediate  neighbourhood,  but  must  endeavour 
to  ascertain  whether  similar  events  or  phe- 
nomena have  happened  on  every  part  of  the 
earth  at  the  same  period.  As  comets,  either 
large  or  small,  either  visible  to  the  naked  eye 
or  through  a  telescope,  make  their  appearance 
at  an  average  almost  every  year,  and  as  epi- 
demics, political  commotions,  earthquakes,  hur- 
ricanes and  similar  events  are  always  to  be 
found  occurring  in  some  particular  portions 
of  the  globe,  we  should  never  be  at  a  loss  for 
a  physical  cause  to  account  for  every  thing  that 
happens  here  below,  if  comets  are  to  be  sup- 
posed to  have  such  an  influence  over  terres- 
trial affairs.  Whatever  takes  place  in  any 
country  of  an  uncommon  nature  might  then 
be  attributed  to  a  comet  which  is  either  ap- 
proaching the  centre  of  our  system  or  reced- 
ing from  it 

It  is  remarkable  that  the  announcement  of 
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a  comet  has  generally  been  received  with 
melancholy  anticipations,  and  the  effects  at- 
tributed to  its  influence  have  uniformly  been 
of  a  calamitous  nature.  But  why  should  it 
not  be  the  precursor  of  prosperous  events — of 
peace,  plenty,  social  tranquillity,  and  genij^ 
seasons — as  well  as  of  w^ars,  famines,  revo 
lutions,  cold  winters,  and  parched  summers  \ 
It  seems  something  like  a  reflection  on  the  gene- 
ral benevolence  of  the  Deity  to  imagine  that  he 
has  created  such  a  vast  number  of  bodies,  and 
directed  their  course  through  every  part  of 
the  planetary  regions,  chiefly  for  the  purpose 
of  "shaking  from  their  horrid  hair"  wars, 
famines,  and  pestilence;  for  if  they  produce 
such  effects  upon  the  earth,  we  might  with 
equal  reason  believe  that  they  produce  similar 
effects  on  the  other  planets  o^  our  system  as 
they  pass  along  in  their  course  towards  the 
sun ;  and  this  would  lead  us  to  infer  that  the 
inhabitants  of  all  the  planetary  orbs  are  liable 
to  the  same  disasters  and  calamities  as  the  in- 
habitants of  the  earth,  a  position  which  seema 
scarcely  consistent  with  the  boundless  benevo- 
lence of  the  Divine  mind. 

But  although  I  do  not  admit  the  conclusions 
and  the  cometary  influences  to  which  I  have 
alluded,  I  am  far  from  asserting  that  comets 
have  no  influence  whatever  over  our  globe  or 
its  surrounding  atmosphere.  The  universe  is 
one  great  whole,  and  all  its  parts,  however  re- 
mote, must  be  supposed  to  have  a  certain  re- 
lation to  one  another ;  and  they  may  produce 
an  influence,  however  small  and  imperceptible, 
on  each  other  at  the  greatest  distances.  The 
remotest  star  perceptible  to  the  eye  may  pro- 
duce a  certain  physical  influence  on  our  globe, 
though  so  small  and  insensible  as  to  be  beyond 
the  limits  of  the  nicest  calculation ;  and  there- 
fore comets  which  sometimes  approach  pretty 
near  the  earth  may  produce  a  certain  sensible 
effect  upon  our  globe,  particularly  should  a 
portion  oi  their  immense  tails  at  any  time 
sweep  along  the  higher  regions  of  our  atmo- 
sphere. But  what  special  influence  or  effects 
they  may  produce  on  the  physical  economy 
of  our  terrestrial  system  it  is  impossible  foi 
us  in  the  mean  time  distinctly  to  ascertain, 
from  our  ignorance  of  the  constitution  of  those 
mysterious  bodies,  and  of  the  substances  of 
which  they  are  composed.  While  too  much 
has  doubtless  been  attributed  to  the  influence 
of  comets,  it  would  be  verging  to  an  opposite 
extreme  to  maintain  that  they  can  produce  no 
effect  at  all  on  our  earth  and  atmosphere. 
We  know  that  certain  celestial  bodies  produce 
a  powerful  influence  on  our  globe.  The  moon, 
in  conjunction  with  the  solar  influence,  rules 
the  ocean  and  perpetuates  the  regular  returns 
of  ebb  and  flow.  Its  light  not  only  cheers 
our  winter  nights,  but  produces  a  variety  of 
other  infliuences  both  on  the  human  constitu- 
3  M  2  (689> 
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lion,  the  atmosphere,  and  on  the  productions 
of  the  earth  ;  and  tiiere  may  be  many  clTects 
prodi^ced  by  its  agency  "with  which  we  are  as 
yet  unacquainted.*  The  sun  not  only  diffuses 
liglit  over  every  region  of  the  earth  for  the 
purpose  of  vision,  but  rays  or  emanations-  in- 
visible to  our  sight  proceed  from  his  body, 
Vi'hich  promote  evaporation,  the  grovi^th  Oi 
vegetables,  and  the  various  degrees  of  tempe- 
rature which  prevail  throughout  the  globe. 
These  emanations  are  likewise  found  to  pro- 
duce c(^rtaiii  chemical  effects,  to  dissolve  cer- 
tain combinations  of  oxygen,  and  to  give  po- 
larity to  the  magnetic  needle  ;  and  many  other 
effects  of  which  we  are  ignorant,  may  after- 
wards be  found  to  proceed  from  those  invisible 
irradiations.  The  larger  planets,  Jupiter  and 
Saturn,  and  those  which  are  nearest  to  us,  as 
Venus  and  Mars,  may  Ukev/ise  produce  cer- 
tain .  effects  on  our  globe,  both  in  virtue  of 
their  attractive  powder  and  of  the  peculiar  na- 
ture of  the  reflected  rays  they  transmit  to 
the  regions  we  occupy. 

We  cannot  therefore  but  conclude,  that 
comets  may  exert  a, peculiar  influence  on  our 
terrestrial  system  in  addition  to  that  of  other 
celestial  bodies,  and  diffeient  from  it,  particu- 
larly those  whose  bulk  and  masses  are  consi- 
derable, and  which  approach  nearest  to  the 
earth.  Their  light,  whether  iiative  or  reflected, 
appears  to  be  peculiar,  and  the  margin- of 
their   immense  tails   may  occasionally  graze 

*  It  is  stated  by  Mr.  Martin,  in  his  *'Pescyi|j. 
tion  of  Iho  Western  Isles,"  th;n  "  peat  dug  in  the 
increase  of  the  moon  coniinues  moist  and  never 
burns  clear,  while  thecontrary  is  observed  of  that 
cut  in  the  decrease;  and  that  earthen  dykes 
thrown  up  in  the  latter  season,  are  alone  found  to 
possess  stability."  It  is  also  slated  as  a  fact,  that 
if  an  animal  fresh  killed  be  exposed  to  ihe  mooii's 
rays,  it  will  in  a  few  hours  become  putrid,  while 
another  animal,  only  a  few  feel  distant,  protected 
from  their  influence,  will  not  be  in  the  least  af- 
fected ;  that  fruits  exposed  to  nioonligbt  have 
been  known  to  ripen  much  more  readily  ;  that 
plants  bleached  in  the  dark  recover  their  colour 
from  the  beams  of  a  full  moon  ;  and  that  in  South 
America,  trees  cut  at  the  full  moon  split  almost 
immediately,  as  if  torn  asunder  by  !:reat  external 
force.  Fish  are  said  to  be  rapidly  decomposed  in 
the  West  Indies  when  taken  by  moonlight," — 
Webh''s  jMS.  Treatise  on  Comets.  Unless  such 
allejred  facts  can  be  disproved,  we  must  admit 
that  the  Moon  may  have  a  certain  influence  in 
such  cases,  though  we  may  be  unable  to  explain 
the  mode  by  which  it  is  effected.  In  Carne's 
"Letters  from  the  East,"  we  are  told,  that  "the 
'effect  of  the  moonlight  on  the  eyes  in  eastern 
eountries;ls  singularly  injurious,  'i  he  natives  tell 
,you  always  to  cover  your  eyes  when  you  sleep  in 
the  open  air.  The  moon  here  really  strikes  .or 
affects  the  sight,  when  you  sleep  exposed  to  it, 
much  more  than  the  sun  ;  a  fact  of  which  I  had  a 
very  unpleasant  proof  one  night,  and  took  care  to 
guard  against  it  afterwards.  Indeed,  the  sight 
of  a  person  who  should  sleep  with  his  face  ex- 
posed to  the  moon  at  night  would  soon  be  utterly 
impaired  or  destroyed."  This  circumstance 
Btrikingly  illustrates  the  expression  of  the  Psalm- 
ist—"The  sun  shall  not  strike  or  smite  thee  by 
da.y.,j;4t«r  the  moon  by  night.^' 
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our  atmosphere  when  we  are  not  aware  of  i% 
and  may  produce  a  peculiar  effect  different 
from  that  produced  by  the  other  bodies  of  our 
system;  but  what  that  special  effect  is  has 
not  hitherto  been  determined ;  for  the  meie 
coincidences  of  certain  events  with  the  ap- 
pearance of  comets  cannot  be  supposed  to  be 
owing  to  their  peculiar  influence,  unless:  such 
events  are  found  uniformly  to  happen  on  the 
apparition  of  a  comet,  and  that  too  through- 
out a  great  portion  of  the  earth.  This  subject 
is  worthy  of  some  attention  ;  and  perhaps 
future  observers  by  more  accurate  observatioiia 
than  have  hitherto  been  made,  may  throw 
some  light  on  an  influence  which  on  the  one 
hand  has  been  perhaps  too  rashly  set  aside, 
and  on  the  other  carried  to  a  pilch  of  ex- 
travagance beyond  the  line  of  sober  reason 
and  observation. 

Let  it  not  be  supposed  that,  in  admitting 
that  comets  may  have  an  influence  on  our 
globe,  I  mean  to  give  the  least  countenance 
to  foolish  superstitions,  or  to  the  absurdities  of 
astrology,  since  all  that  I  would  be  disposed 
to  admit  in  the  present  case  is  purely  a  physi- 
cal mHi-ience:;  an  iniluence  which  may  exist^ 
although  we  have  not  yet  been  able  to  discri- 
minate its  specifix?  effects.  The  most  eminent 
philosophers  have  been  disposed  to  admit  such 
an  inilnence.  Sir  Isaac  Newton  supposed 
that  '^  the  atmospheres  and  tails  of  comets  may 
supply  the  planets  with  moisture,  which  is 
continually  wasting  by.  the  growing  of  vege- 
tables out  of  water  and  turning  into  earth;" 
and ,  that  from  the  same  source  may  be  de- 
rived "  the  purest  part  of  our  air,  which  is 
requisite  for  the  existence  of  living  beings." 
These  opinions,  indeed,  cannot  be  proved,  and 
they  are  evidently,  untenable  ;  but  they  show 
that  that  great  philosopher  admitted  the  in- 
fluence of  comets.  M.  Arago,  although  he 
scouts  the  vulgar  idea  of  comets  being  the 
cause  of  most  calamitous  events,  yet  he  ad- 
mits that,  "not  only  cometary  matter  may 
fall  into  our  atmosphere,  but  that  this  phe- 
nomenon is  of  a  nature  to  occur  frequently, 
and:  may  possibly  produce  those  epidemic 
diseases  which  have  been  attributed  to  it." 

A  variety  of  questions  has  been  started  re« 
spefcting  cometary  action  and  influence,  be» 
sides  those  to  which  we  have  now  alluded. 
It  has  been  a  question  whether  we  ought  to 
have  recourse  to  the  action  of  a  comet  to  ac- 
count for  the  rigor  of  ihC:  climate  of  North 
-America  ?  It  is  found  that  in  the  northern 
regions  of  America,  the  climate  in  the  same 
latitude  is  much  colder  than  in  Europe.  To 
account  for  this,  Dr.  Halley  supposed  that  a 
comet  had  formerly  struck  the  earth  obliquely, 
and  changed  the  position  of  its  axis  of  rota- 
tion. In  consequence  of  that  event,  the  North 
Pole,  which  had  been  originally  very  near  to 
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Hudson's  Bay,  was  changed  to  a  more  east- 
erly position ;  but  the  countries  which  it 
abandoned  had  been  so  long  a  time  and  so 
deeply  frozen,  that  vestiges  still  remain  of  its 
ancient  polar  rigor,  and  that  a  long  series  of 
years  would  be  required  for  the  solar  action  to 
impart  to  the  northern  parts  of  the  new  conti- 
nent the  climate  of  their  present  geographi- 
cal position.  But  we  have  no  proof  that  a 
comet  has  ever  struck  the  earth,  or  that  its 
concussion  would  have  the  effect  to  change 
the  direction  of  the  terrestrial  axis.  Besides, 
it  is  well  known  that  the  Asiatic  coast  is 
equally  cold  in  the  same  latitudes  as  the  At- 
lantic shores  of  North  America. 

It  has  likewise  been  a  subject  of  inquiry, 
whether  the  depression  of  the  soil  of  a  ^reat 
part  of  Asia  has  been  produced  by  the  shock 
of  a  comet;  and  whether  Siberia  ever  expe- 
rienced a  sudden  change  by  a  similar  event  t 
This  latter  inquiry  has  been  suggested  by  the 
circumstance  of  the  bones  of  elephants,  rhino- 
ceroses, and  other  animals  peculiar  to  the 
torrid  zone,  having  been  found  embedded  in 
the  strata  of  that  country,  which  has  led  to 
the  supposition  that  Siberia  was,  at  some  re- 
mote period,  comprised  within  the  tropics. 
But  there  is  no  proof,  nor  even  probabilit)'", 
that  the  action  of  a  comet  was  concerned  in 
either  case.  It  has  also  been  supposed  that 
the  small  planets,  Vesta,  Juno,  Ceres,  and 
Pallas,  the  supposed  fragments  of  a  large 
planet,  may  have  been  broken  to  pieces  by 
the  shock  of  a  comet.  The  circumstance  that 
two  of  these  planets,  Ceres  and  Pallas,  are 
encompassed  with  an  atmosphere  of  great 
density  and  elevation,  has  been  brought  for- 
ward as  a  presumptive  proof  of  the  reality  of 
such  a  concussion,  and  that  the  cometary 
atmosphere,  not  being  liable  to  destruction  by 
the  percussion,  was  imparted  to  these  planets. 
But  when  we  consider  the  very  small  density 
of  comets,  it  appears  not  at  all  probable  that 
even  a  direct  concussion  from  such  a  body 
would  have  produced  such  an  effect,  although 
it  might  have  caused  a  considerable  derange- 
ment of  the  physical  constitution  of  the 
planet.  Besides,  this  hypothesis  does  not 
account  for  the  remarkable  fact  that  Vesta  and 
Juno  exhibit  no  traces  of  an  atmosphere 
which,  in  consistency  with  the  supposition, 
ought  to  have  been  imparted  to  them  by  the 
comet,  as  well  as  to  Ceres  and  Pallas.  On 
the  whole,  we  have  no  direct  or  satisfactory 
proofs  that  comets  have  ever  come  in  direct . 
contact  with  our  globe,  or  that  they  have  pro- 
duced any  considerable  derangements  through- 
out the  planetary  system ;  and  whatever  spe- 
cific influence  they  may  produce  on  our  earth 
and  atmosphere  must  be  deduced  from  future 
obseryations.: 


O^    THE    IXHABITABILITY    OF    COMETS. 

Some  philosophers  have  been  disposed  to 
doubt  whether  the  constitution  of  comets  be 
at  all  fitted  for  the  abode  of  rational  beings, 
especially  when  we  take  into  consideration 
the  extremes  of  heat  and  cold  to  which  they 
would  be  subjected  in  their  long  and  exten- 
sive career.  Mr.  Winston  supposed  that  on 
this  account  they  could  not  be  the  abodes  of 
happiness,  and  therefore  was  led  to  believe 
that  they  were  the  places  of  punishment  for 
the  wicked,  who  were  alternately  wheeled 
into  regions  of  intolerable  heat,  and  afterwards 
exposed  to  all  the  rigors  of  the  most  intense 
cold.  But  when  we  consider  the  boundless 
beneficence  of  the  Divine  Being,  and  that 
"  his  tender  mercies  are  displayed  over  all  his 
works,"  we  cannot  for  a  moment  suppose 
that  so  vast  a  number  of  these  bodies  would 
be  created  for  such  an  end.  The  celebrated 
Lambert,  on  the  other  hand,  considers  comets 
as  constituting  some  of  the  most  splendid  re- 
gions of  the  universe,  and  that  their  inhabit- 
ants are  permitted  to  contemplate  the  scene 
of  nature  on  a  scale  of  grandeur  far  surpass- 
ing that  which  is  presented  to  the  population 
of  the  planets. 

Many  of  the  comets  which  exhibit  no  signs 
of  a  nucleus  appear  to  be  composed  of  very 
light,  transparent,  and  gaseous  substances; 
and  therefore  it  is  not  verj'- probable  that  such 
bodies  are  inhabited.  Comets  in  this  state 
are  supposed,  by  some  philosophers,  to  be 
only  approaching  to  a  state  of  consohdation 
But  as  to  those  which  have  a  large  and  solid 
nucleus,  there  appears  to  be .  no  physical  im- 
possibility, nor  even  improbability,  of  their 
being  the  abodes  of  sentient  and  intellectual 
beings,  as  well  as  the  other  moving  bodies  of 
our  system.  The  extremes  of  heat  and  cold 
to  which  comets  are  supposed  to  be  subjected 
forms  the  principal  argument  against  the  opi- 
nion that  these  bodies  are  inhabited.  But  in 
reply  to  such  an  objection  it  may  be  stated, 
that  we  have  no  proof  that  heat  or  cold  de- 
pend altogether  on  the  distance  of  a  body  from 
the  sun,  but  most  probably  on  certain  circum- 
stances connected  with  the  constitution  of  the 
body  itself.  Besides,  it  is  a  fact,  that  in  the 
heating  of  bodies  there  is  a  certain  point,  be- 
yond which  their  temperature  can  never  be 
raised;  as,  for  instance,  in  the  case  of  water, 
which  cannot  be  heated  beyond  the  point  of 
212°  of  Fahrenheit's  thermometer ;  and 
therefore  the  surface  of  a  comet  may  have  a 
certain  point  beyond;  which  its  temperature 
can  never  be  elevated,  even  at  its  nearest  ap- 
proach to  the  sun.  "  When,  by  any  means," 
says  Mr.  Milne,  "  the  density  of  bodies  is 
made  to  change  by  a  process,  whether  of 
rarefaction,  on  the  one  hand,  or  of  condensa- 
mi) 
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tion,  on  the  other,  they  are  always  found  to 
undergo  a  corresponding  diminution  or  in- 
crease of  temperature.  When,  therefore,  in 
the  approach  of  a  comet  to  the  sun,  all  the 
parts  of  its  nebulous  envelope  and  tail  which 
in  the  remoter  regions  of  its  course  had  been 
gathered  close  about  the  head,  become  ex- 
panded and  attenuated,  a  very  large  propor- 
tion of  the  Folar  heat,  which  would  otherwise 
have  passed  into  the  nucleus,  and  contributed 
\o  raise  its  temperature  to  a  certain  point,  is 
carried  off  by  the  envelope  and  tail,  in  order 
to  preserve  an  equilibrium  among  the  several 
parts."  Mr.  Milne  proves  that,  if  we  assume 
that  the  nebulous  matter  is  elevated  about 
30  times  its  former  height,  the  diminution  of 
density  corresponding  with  the  increase  of 
volume  will  amount  to  27,000,  and  that  a 
quantity  of  caloric  will  be  abstracted  corres- 
ponding to  1,215,000°  of  Fahrenheit.  He 
further  shows  that,  "when  the  comet  retires 
towards  its  aphelion,  where  the  heat  of  the 
sun  becomes  so  much  weakened  on  account 
of  the  distance,  the  condensation  of  the  nebu- 
lous matter  forming  the  tail  and  envelope 
serves  not  only  to  furnish  the  nucleus  with 
continual  supplies  from  the  heat  acquired  at 
the  perihelion,  but  even  to  render  the  warm- 
ing influence  of  the  solar  rays  much  more 
efficacious  than  at  a  less  remote  part  of  the 
comet's  orbit."* 

The  extremes  of  heat  and  cold,  therefore, 
in  comets  may  not  be  so  great  as  at  first  view 
we  should  be  apt  to  imagine,  and  their  con- 
stitution may  be  such  as  is  not  incompatible 
with  the  idea  that  they  are  inhabited  by  ani- 
mated beings.  We  are  not,  however,  to  sup- 
pose that  the  constitution  of  beings  like  man 
would  be  adapted  to  the  circumstances  and 
changes  to  which  comets  are  subjected,  nor 
is  such  a  supposition  necessary  in  order  to 
prove  their  inhabitability.  For  in  the  case  of 
all  worlds  and  beings,  we  must  necessarily 
admit  that  the  Creator  has  adapted  the  con- 
stitution of  the  inhabitants  to  the  nature  of 
the  habitation.  We  find  a  striking  variety 
in  this  respect  in  the  constitution  of  the  nu^ 
merous  orders  of  sentient  beings  that  people 
the  globe  on  which  we  live ;  and  a  similar 
variety  doubtless  exists  in  the  peculiar  con- 
stitutions of  the  inhabitants  of  the  different 
planets,  and  of  all  the  worlds  in  the  universe. 
For  an;y  thing  we  can  prove  to  the  contraiy, 
some  of  the  comets  may  be  the  abodes  of 
greater  happiness  than  is  to  be  found  in  our 
sublunary  world,  and  may  be  peopled  with 
intelligences  of  a  higher  order  than  the  race 
of  man.  In  consequence  of  the  extensive  re- 
gions through  which  they  move,  and  the 
variety  of  objects  which  will  successively 
burst  upon  their  view,  their  prospects  of  the 
*  Milne,  Prize  Easayon  Comets,  Part  IV. 


scenes  of  the  universe  will  be  far  mor^  di^er 
siiied  and  expansive  than  those  of  the  inha« 
bitants  of  the  planets. 

At  one  period  they  will  behold  the  stu- 
pendous globe  of  the  sun  fdling  a  great  por- 
tion of  their  celestial  hemisphere,  and  be 
enabled  to  contemplate  the  august  and  splen- 
did operations  going  on  upon  its  surface  and 
in  its  luminous  atmosphere,  a  spectacle  of 
grandeur  which  must  be  beyond  conception 
sublime  and  overpowering.  At  another  pe- 
riod they  will  be  enabled  to  survey,  at  no  great 
distance,  the  phenomenon  and  economy  of 
some  of  the  planetary  worlds.  The  comet 
of  1744  passed  within  180  terrestrial  diam- 
etfrs,  or  1,440,000  miles  of  the  earth*s 
surface,  at  which  time  its  inhabitants  (if 
any)  would  enjoy  an  interesting  view  of  our 
earth  and  moon,  with  their  diversified  mo- 
tions, and  the  general  aspect  of  their  sur- 
faces. The  same  comet  twice  traversed  the 
system  of  Jupiter's  satellites,  when  the  mag- 
nificent globe  of  Jupiter  would  appear  at 
least  300  times  larger  than  the  moon  appears 
to  us,  and  when  its  satellites  would  Hkewise 
present  a  very  large  and  splendid  appear- 
ance. From  such  a  position,  even  with  eyes 
such  as  ours,  assisted  by  telescopes,  all  the 
diversity  of  surface  of  this  huge  globe,  as 
presented  in  its  diurnal  rotation,  with  the 
changes  of  its  belts,  and  the  peculiar  scenery 
of  its  satellites,  would  be  distinctly  perceived. 
Above  all,  the  system  of  Saturn  will  present 
a  most  magnificent  spectacle  to  the  inhabit- 
ants of  a  comet  when  it  passes  through  the 
regions  in  its  immediate  vicinity.  Its  expan- 
sive rings,  filling  a  considerable  portion  of 
the  visible  firmament,  their  rapid  rotation 
round  the  planet,  the  vast  globe  of  Saturn 
itself,  and  the  numerous  satellites  which 
accompany  it,  in  all  their  different  phases 
and  rapid  motions,  will  present  a  scene  at 
once  diversified  and  sublime.  To  the  inha- 
bitants of  comets,  many  vast  bodies  within 
the  range  of  our  system  may  be  visible, 
which  we  have  never  yet  discovered,  and 
which  may  never  be  perceptible  from  the 
region  we  occupy.  Traversing  vast  regions 
of  space  far  beyond  the  orbit  of  Uranus, 
and  perhaps  approaching  to  the  nearest 
stars,  worlds  may  be  presented  to  their  view 
of  which  we  have  no  conception,  and  the 
planets  which  revolve  around  other  suns 
may  be  distinguishable  in  the  remoter  part« 
of  their  course.  Enjoying  such  diversified 
and  extensive  prospects  of  the  operations  of 
Omnipotence,  the  intellectual  beings  who 
reside  on  those  bodies  will  acquire  more  ex- 
pansive views  than  the  inhabitants  of  the 
earth  of  the  vast  scene  of  nature  and  of  the 
perfections  of  that  Allwise  and  Almighty 
Being  whose  power  brought  into  existence. 
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m  \  whose  incessant  energy  sustains  in  being, 
aL  che  worlds  in  the  universe. 

The  number  of  comets  is  supposed  by  some 
astronomers  to  amount  to  several  miUions ; 
and  if  so,  they  must  frequently  pass  near 
each  other  in  their  long  eccentric  courses,  and 
consequently  the  beings  connected  with  them 
will  have  their  prospects  of  other  worlds 
wonderfully  diversified  and  continually  ex- 
panding. It  is  likewise  supposed  that  comets 
sometimes  extend  their  excursions  to  other 
suns.  On  this  point  M.  Lambert  has  the 
following  remarks :  "  I  shall  suppose  that  a 
gldbe  in  our  system  begins  to  describe  a  para- 
bola. If  this  curve  closes  and  returns  into 
itself,  the  globe  will  remain  with  us,  and  ac- 
quire a  periodical  motion  round  the  sun.  If, 
on  the  contrary,  it  extends  its  limits,  so  as  to 
become  a  hyperbola,  the  globe  will  recede 
more  and  more  from  the  sun,  and  leave  us, 
never  to  return.  Were  we  to  pursue  the 
fugitive  in  idea,  we  should  see  it  perhaps  at 
the  end  of  some  thousands  of  years  flit  along  the 
frontiers  of  our  system  and  dive  into  a  neigh- 
bouring world.  The  central  body  of  this 
world  would  then  exercise  its  attraction  over 
the  new  visitor,  and  give  a  curvature  to  his 
orbit.  From  that  moment  one  of  two  things 
would  happen.  Either  its  path  would  change 
into  an  ellipse,  in  which  case  its  travels  would 
be  at  an  end,  and  it  would  proceed  to  make 
regular  revolutions  round  the  dominant  star 
of  that  system ;  or,  perhaps,  after  passing  its 
perihelion,  it  would  again  resume  its  hyper- 
bolic progress,  and  approaching  the  asymptote, 
withdraw  in  a  straight  line,  and  proceed  to 
visit  other  worlds.  Thus  we  can  conceive 
comets  which,  being  attached  to  no  particular 
system,  are  in  common  to  all,  and  which, 
roaming  from  one  world  to  another,  make  the 
tour  of  the  universe.  I  ask  why,  in  the  in- 
finite variety  which  the  Creator  has  intro- 
duced into  his  works,  such  globes  should  not 
have  a  place?  Their  destination  may  em- 
brace the  wisest  purposes,  concerning  which 
we  may  be  allowed  to  speculate." 

This  celebrated  philosopher  concludes  his 
remarks  on  comets  with  the  following  reflec- 
tions, which,  although  somewhat  fanciful, 
may  not  be  unworthy  of  the  attention  of  the 
reader : 

"  I  love  to  figure  to  myself  those  travelling 
globes,  peopled  with  astronomers,  who  are 
stationed  there  for  the  express  purpose  of  con- 
templating nature  on  a  large,  as  we  contem- 
plate it  on  a  small  scale.  Their  movable 
observatory  cruising  from  sun  to  sun,  carries 
them  in  succession  through  every  different 
point  of  view,  places  them  in  a  situation  to 
gurvey  all,  to  determine  the  position  and  mo- 
tion of  each  star,  to  measure  the  orbits  of  the 
planets  and  comets  which  revolve  round  them. 


to  observe  how  particular  are  resolved  into 
general  laws,  in  one  word,  to  get  acquainted 
with  the  whole  as  well  as  the  detail.  We 
may  suppose  that  their  year  is  measured  by 
the  length  of  their  route  from  one  sun  to 
another.  Winter  falls  in  the  middle  of  their 
journey ;  each  passage  of  a  perihelion  is  the 
return  of  summer ;  each  introduction  to  a  new 
world  is  the  revival  of  spring ;  and  the  period 
of  quitting  it  is  the  beginning  of  their  autmnn. 
The  place  of  their  abode  is  accomniodated  to 
all  their  distances  from  the  fixed  star^,  and 
the  different  degrees  of  their  heat  make  the 
fruits  and  vegetables  designed  for  their  use 
blossom  and  ripen.  Happy  intelligences, 
how  excellent  must  be  the  frame  of  your  na- 
ture !  Myriads  of  ages  pass  away  with  you 
like  so  many  days  with  the  inhabitants  of  the 
earth.  Our  largest  measurements  are  your 
infinitely  small  quantities ;  our  millions  the 
elements  of  your  arithmetic ;  we  breathe  but 
a  moment ;  our  lot  is  error  and  death,  yours 
science  and  immortality.  All  this  is  agree- 
able to  the  analogy  of  the  works  of  creation. 
The  frame  of  the  universe  furnishes  matter 
of  contemplation  as  a  whole  as  well  as  in 
each  of  its  parts.  There  is  not  a  point  that 
does  not  merit  our  observation ;  this  magnifi- 
cent fabric  is  portioned  out  in  detached  parts 
to  created  beings  ;  but  it  is  in  the  unity  of  the 
whole  that  sovereign  perfection  shines ;  and 
can  we  suppose  that  this  whole  has  no  ob- 
servers"?  The  imagination,  indeed,  after  so 
sublime  a  flight,  may  be  astonished  at  its  own 
temerity ;  but,  in  short,  here  the  cause  is  pro- 
portioned to  the  effect,  and  there  is  nothing 
great  or  small  in  immensity  and  eternity." 

ON    THE    MOTIONS    AND    OllBITS    OF    COMETS. 

When  a  comet  comes  within  the  Hmits  of 
our  view,  its  apparent  motion  is  from  east  to 
west,  and  it  generally  appears  to  rise  and  set 
like  most  of  the  other  heavenly  bodies.  This 
motion,  however,  like  that  of  the  diurnal  mo- 
tion of  the  sun  and  planets,  is  only  apparent, 
and  arises  from  the  rotation  of  the  earth  upon 
its  axis.  Besides  this  apparent  motion,  it  has 
a  real  and  proper  motion  of  its  own,  by  which 
it  is  continually  shifting  its  place  in  the  hea- 
vens, in  conformity  to  the  nature  of  the  orbit 
in  which  it  moves.  "  The  proper  course  of  a 
comet  may  be  found  by  observing  every  night 
its  distance  from  two  fixed  stars  whose  longi- 
tudes and  latitudes  are  known ;  or  by  finding 
its  altitude  when  in  the  same  azinmth  with 
two  known  fixed  stars;  or  by  noting  four 
fixed  stars  in  the  point  of  intersection  of  the 
two  lines  connecting  which  tht  voniet  is 
found.  If  the  places  of  the  comet,  as  thus 
observed  every  night,  be  marked  on  the  celes- 
tial globe,  a  line  drawn  through  them  Vv-iil 
represent  the  comet's  path  among  the  stars  ;  a 
(693) 
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great  circle  drawn  tlirough  threo  distant 
places  will  nearly  show  the  way  it  has  to  go. 
If  it  be  continued  ti  ■.  it  intersect  the  ecliptic, 
it  will  show  nearly  the  place  of  the  node  and 
the  inclination  of  the  orbit  to  the  ecliptic."* 
There  is,  however,  a  practical  difficulty  which 

Fiff.  82. 


perplexes  the  observer  in  attempting  to  as- 
certain the  true  form  of  a  cometary  obit.  A 
comet  remains  so  short  a  time  in  sight,  and 

Fig.  83. 


and  brightness  as  it  came  nearer  to  the  sun,  and 

grew  shorter  and  fainter  as  it  went  further  from 

that  luminary  and  from  the  earth,  till  the  comet 

*  Dr.  O.  Gregory's  "  Treatise  on  Astronomy." 


describes  so  small  a  part  of  its  course  witjica 
our  view,  that,  from  observation  alone,  witlt«' 
out  the  assistance  of  hypothesis,  we  should 
not  be  able  to  determine  the  nature  of  iti 
path.  The  only  part  of  the  course  of  a  comet 
that  can  ever  be  visible  is  a  portion  through' 
out  which  the  ellipse,  the  parabola,  and 
hyperbola,  so  closely  resemble  each  other 
that  no  observations  can  be  obtained  with 
sufficient  accuracy  to  enable  us  to  distinguish 
them.  The  hypothesis  most  conformable  to 
analogy  is,  that  the  comet  moves  in  an  ellipse, 
having  the  sun  in  one  of  the  foci,  and  that 
the  radius  vector  from  the  sun  to  the  comet 
describes  areas  proportional  to  the  times,  ac- 
cording to  the  law  observed  by  the  planets 
If  it  be  supposed  that  the  comet 
describes  an  ellipse  or  a  parabola, 
in  conformity  to  the  laws  of 
Kepler,  then  from  three  geocen 
trie  places,  known  by  observation, 
the  orbit  may  be  determined. 

The   orbits  of  the  planets,  al* 
though    elliptical,  approach  very 
nearly  to    circles ;    but    those  of 
comets    are  extremely   eccentric, 
and  form  very  elongated  ellipses 
The   orbit  of  Halley's  comet  is 
four  times  longer  than  it  is  broadj 
and    the   orbits  of  those   comets 
whose    periodical    revolution   ex- 
ceeds a    hundred  or  a  tliousand 
years  must  be  still  more  elongated 
and  eccentric.    Fig.  82  represents 
the  or])it  of  Halley's  comet  nearly 
in   its  exact   proportions.     E   C 
represents  the  length  of  the  ellipsis 
in  which  it  performs  its  revolu- 
tion :  E  D,  the  orbit  of  the  earth, 
somewhat  larger  than  it  ought  to 
'i  be  in  proportion  to  the   comet's 
A  orbit;   S,  the   sun  in  one  of  the 
'5:1l  foci  of  the  ellipse ;  Sat.,  the  pro- 
portional distance  of  the  planet 
8aturn  from  the  sun;  and  U,  the 
■;r  s  proportional  distance  of  Uranuso 
'j^A  The  orbit  of  this  comet  extends 
f![-jn  to  nearly  double  the  distance  of 
Uranus  : 

Fig.  83  represents  so  much  of 
the  trajectory  of  the  comet  of 
1680  as  it  passed  through  while 
visible  to  the  inhabitants  of  our 
globe,  as  delineated  in  Newton^s 
"  Principia"  It  shows  also  the 
tail  as  it  appeared  on  the  days  men- 
tioned in  the  figure.  Like  that  of 
other  comets,  it  increased  in  length 
was  too  distant  to  be  visible.  This  comet  was 
observed  in  the  morning  from  November  4 
to  November  25,  1680,  in  its  descent  tovirards 
its  perihelion  at  F  ,•   and  its  positions  on  the 
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ITth,  21st,  and  25th  of  that  month  are  here  positions  on  the  12th,  and  21st,  and  29th  of 
exhihited.  It  appears  to  have  passed  its  December,  and  on  the  5th  and  25th  of  Janu- 
periheUon  sometime  between  the  25th  of  ary,  1681,  after  returning  from  its  perihelion, 
November  and  the   12th  of  December.     Its    as  seen  in  the  evening,  are  marked  in  the 

figure.     The  orbit  of  this  comet 


Fig  84. 


must    be    extremely  elongated, 

I  as  its  return  is  not  expected  for 
more  than  4-00  years  to  come. 
Fig.  84,  taken  from  Arago's 

I  «  Scientific  Notxes  of  Comets," 
exhibits  a  representation  of  the 

I  orbit  of  Biela's  comet,  w^ith  the 
relative  position  of  the  orbit  to 
the  earth.  It  shows  both  the 
space  and  the  position  it  occupies 
in  the  solar  system,  and  the  points 
where  its  orbit  intersects  all  the 
planetary  orbits  through  which 
it  passes.      It  exhibits  its  course 

I  at  its  return  in  November,  1832; 
and  the  path  it  describes  till  its 

I  subsequent  return  in  1839.  From 
this  figure  it  is  seen  that  its  peri- 
helion lies  between  the  orbits  of 
the  earth  and  Venus,  and  that  its 

I  aphelion    extends    beyond    the 

I  orbit  of  Jupiter.  It  would  arrive 
at  that  point  which  is  most  dis- 
tant from  the  earth,  in  the  spring 
of  1836,  and  will  probably  return 
to  it  in  January,  1843.  The 
nearest  approach  to  the  earth  of 
this  comet  was  51  millions  of 
miles ;  its  nearest  approach  to 
the  sun,  83  millions;  its  mean 
distance  fi-om  the  sun,  or  half  the 
longest  axis  of  its  orbit,  337 
millions ;  and  it  is  507  millions 
of  miles  nearer  the  sun  in  its 
perihelion  than  in  its  aphelion. 
To  be  able  to  calculate  and  pre- 
dict the  future  positions  and  ap- 
pearances  of  such  a  body  evinces 
Representation  of  the  orbit  of  the  Comet  of  1832,  with  the  ^^  accuracy  of  observation,  and  a 
relative  position  of  the  orbit  of  the  Earth.  degree  of  perfection  of  astronomi- 

cal calculus,  which  may  justly  challenge  admi-  be  that  into  which  enters  the  greatest  number 
ration,  and  which  should  lead  those  who  are  of  orbits,  all  separated  fi-om  one  another,  and 
unacquainted  with  the  minutiae  of  astronomy  which  in  no  one  point  intersects  the  other; 
to  receive  with  confidence  the  results  which    and  that  the  orbits  of  comets  correopond  to 


have  been  deduced  by  those  w^ho  have  devoted 
themselves  to  celestial  investigations. 

SUPPOSED    ]ffUMBEll    OF    COMETS. 

It  is  laid  down  as  a  principle  by  M.  Lam- 
bert, that  as  the  world  is  the  expression  of 
the  perfections  of  God,  we  must  believe  that 
all  the  heavenly  bodies  are  inhabited,  and 
"  that  universal  space  is  replenished  with  as 


this  end  better  than  those  of  the  planets,  as 
an  immensely  greater  number  of  elliptic  or 
cometary  orbits  can  be  introduced  into  the 
system  than  of  those  which  are  circular.  On 
the  ground  of  the  number  of  comets  which 
have  hitherto  been  observed,  and  on  certain 
mathematical  considerations,  he  instituted 
calculations  which  led  to  the  concosion  that 
"at  least  five   hundred   millions  of  comets" 


many  globes  as  it  can  contain  "  so -ds  to  move  might  be  contained  within  the  Umits  of  the 
with  freedom  and  security  within  the  circum-  solar  system.  On  this  point,  M.  Arago 
fercnce  of  the  universe.  Hence  he  infers,  reasons  in  the  following  manner:  — The 
that  the  most  perfect  plan  of  our  system  will    number  of  comets  really  known,  whose  peri- 
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helion  distance  is  less  than  the  radius  of  the 
orbit  of  Mercury,  amounts  to  thirty.  This 
mdius,  and  that  of  the  orhtt  of  Uranus,  are  in 
tlie  ratio  of  1  to  49 ;  and  the  vohimes  of  two 
spheres  are  to  each  other  as  the  cubes  of  their 
radii.  If,  therefore,  we  adopt  the  bypotliesis 
of  the  equal  distribution  of  comets  in  all  the 
regions  of  our  system,  and  calculate  the 
nurab(!r  of  those  luminaries  whose  perihelions 
are  included  in  a  sphere  whose  radius  is  the 
distance  of  Uranus  from  the  sun,  the  follow- 
ing proposition  would  be  supplied  to  us : — 
As  the  cube  of  1  :  to  the  cube  of  49  ;  :  so  is 
30  :  to  the  number  of  comets  sought; — or 
thus,  r^  :  49'  :  :  30  ;  or,  1  :  117,649  :  ;  30  : 
3,529.470.  Thus  within  the  orbit  of  Uranus, 
the  solar  system  should  contain  more  than 
three  millions  and  a  half  of  comets;  or,  we 
should  rather  find  the  double  of  that  the  true 
number,  when  we  consider  that  in  this  cal- 
culation the  term  which  represents  the  number 
of  comets  contained  within  the  sphere  of 
Mercury  is  certainly  much  too  small,  and 
that  it  ought  to  be  conceded  that  the  light  of 
day,  our  clouded  skies,  and  a  too  southerly 
declination,  removes  from  our  sight  not  fewer 
than  every  alternate  one  of  these  bodies. 
Taking  these  circumstances  into  consideration, 
there  should,  on  the  same  hypothesis,  be  seven 
millions  of  comets. 

The  actual  number  of  comets,  however, 
which  have  been  observed  since  the  com- 
mencement of  the  Christian  era,  does  not 
amount  to  above  seven  or  eight  hundred;  hut 
when  we  consider  that  in  the  earlier  ages  of 
astronomy,  and  likewise  in  more  recent  periods 
before  the  invention  of  the  telescope,  only 
large  and  conspicuous  comets  were  noticed, 
and  that  the  greater  number,  in  all  probability, 
had  their  visible  courses  in  the  southern  re- 
gions of  the  heavens,  and  of  whose  appear- 
ance we  have  no  records,  it  will  easily  be 
conceived  that  their  actual  number  must 
amount  to  at  least  many  thousands.  Since 
particular  attention  has  been  directed  to  the 
astronomy  of  comets,  and  since  the  number 
of  observers  have  increased,  scarcely  a  year 
has  passed  without  the  observance  of  one  or 
two  of  these  bodies,  and  sometimes  even  two 
or  three  have  appeared  at  once.  In  the  year 
18°'25,  no  less  than  four  comets  made  their 
ap[)earance  within  the  space  of  three  months. 
The  first  of  these  was  discovered  by  M.  Gam- 
bart,  at  Marseilles,  on  May  9,  in  the  head  of 
Cassiopeia  ;  the  second  by  M.  Valtz,  at  Nis- 
mes,  on  July  13,  in  Taurus,-  the  third  by 
M.  Pono,  at  Florence,  on  August  9,  in  A  uriga  / 
the  fourth,  or  Encke's  comet,  about  the  months 
of  .luly  or  August.  But  it  is  evident  that 
multitudes  must  escape  all  observation,  by  rea- 
eon  of  their  paths  traversing  only  that  portion 
4)f  the  heavens  which  is  visible  in  the  daytime. 


The  number  of  comets  whose  paths  hairs 
been  particularly  observed  during  their  visible 
course  is  about  137.  Of  these,  sixty-nine 
moved  in  a  direct  course,  or  according  to  the 
order  of  the  signs,  as  the  planets  do,  and 
sixty-eight  in  a  retrograde  direction.  As  to 
the  distances  of  their  perihelions  from  the 
sun  and  the  earth,  thirty  were  found  to  have 
their  perihelions  between  the  orbit  of  Mercury 
and  the  sun  ;  forty -four,  between  the  orbits  of 
Mercury  and  Venus  ;  thirty-four^  between  the 
orbits  of  Venus  and  the  earth  ;  twenty-three, 
between  the  orbits  of  the  Earth  and  Mars; 
six,  be-tween  the  orbits  of  Mars  and  Jupiter. 
Beyond  the  orbit  of  Jupiter  no  comets  have 
been  perceived ;  and  it  is  seldom  they  can  be 
seen  beyond  the  orbit  of  Mars.  As  to  the  in- 
clinatlon  of  their  orbits,  nine  comets  have 
been  observed  whose  orbits  incline  to  the 
ecliptic  from  0°  to  10°;  thirteen,  from  10°  to 
20°  ;  ten,  from  20°  to  30°  ;  seventeen,  from 
30°  to  40°  ;  fourteen,  from  40°  to  60°  ;  twenty 
three,  from  50°  to  60° ;  seventeen,  from  eo'' 
to  70 ;  nineteen,  from  70°  to  80°  ;  fifteen, 
from  80°  to  90°.  It  appears,  then,  that  these 
137  comets  had  their  orbits  inclined  in  almost 
every  degree  to  the  ecliptic ;  and  it  is  proba- 
ble that  this  is  the  case  with  all  the  other 
comets  which  belong  to  the  system. 

Although  comets  generally  emit  an  ob- 
scure light,  yet  some  have  been  seen  whose 
splendour  was  so  great  as  to  be  visible  in 
daylight,  even  at  noon,  and  while  the  sun 
was  shining  in  all  its  brightness.  Such,  it  is 
said,  were  the  comets  which  appeared  in  1402 
and  1532,  and  that  which  appeared  a  httle 
before  the  assassination  of  Csesar,  and  which 
was  supposed,  after  that  event  happened,  to 
have  been  an  omen  or  prelude  of  his  death. 
It  has  likewise  been  stated,  that  comets  have 
appeared  of  such  a  magnitude  as  to  have 
eclipsed  the  sun,  Seneca  relates  that  such 
a  coincidence  happened  sixty  years  before 
Christ,  when  a  large  comet  was  actually  ob- 
served very  near  the  sun.*  The  same  authoj 
relates  that  a  comet  which  appeared  in  the 
time  of  the  Emperor  Nero  was  not  inferior  in 
apparent  magnitude  to  the  sun  himself ;(-  and 
the  comet  which  Hevelius  observed  in  the 
year  1652  did  not  seem  to  be  less  than  the 
moon,  though  it  was  deficient  in  spleiidour. 

Comets  traverse  all  parts  of  the  heavens 
and,  as  already  noticed,  their  orbits  have  every 
possible  inclination  to  the  plane  of  the  eclip- 
tic. They  are,  however,  governed  in  their 
motions  by  the  same  physical  law^s  which  regu- 
late the  motions  of  the  planets.  Their  pe- 
riodical times  are  to  the  periodical  times  of  the 
planets,  in  the  sesquiplicate  ratio  of  theiz 
principal  axes.     Comets,  therefore,  being  fo3 

*  Sir  .John  Herschel's  Astronomy. 
f  Dr.  O.  Gregory's  Astronomy. 
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the  most  part  beyond  the  planetary  regions, 
and  on  that  account  describing  orbits  withi 
much  larger  major  axes  than  the  planets,  re- 
volve more  slowly.  Thus,  if  the  major  axis 
of  a  comet's  orbit  be  four  times  as  long  as 
that  of  the  orbit  of  Uranus,  the  time  of  the 
comet's  period  would  be  to  that  of  the  planet 
as  8  :  1 ;  its  periodic  time  would  therefore  be 
nearly  672  years;  that  is,  8  X  84  =  the 
period  of  Uranus  =  672.  Although  comets 
move  with  great  rapidity  when  near  their 
perihelion,  yet  m  the  remote  parts  of  their 
course  their  motion  must  be  proportionally 
slow. 

The  motions  i  f  comets  when  approaching 
the  sun  are  in  certain  cases  extremely  rapid. 
The  comet  which  was  observed  by  Regiomon- 
tanus,  in  1472,  w^as  said  to  have  passed  through 
40  degrees  of  a  great  circle  in  twenty-four 
hours.  Brydone,  in  his  "  Tour  through  Sici- 
ly," relates  that  he  observed  a  comet  at  Pa- 
lermo, in  June  and  July.  1770,  which  moved 
through  50  degrees  of  a  great  circle  in  twenty- 
four  hours.  At  midnight,  on  the  30th  of  June, 
it  passed  the  zenith  of  Palermo  (latitude  38° 
10^)  and  the  next  day,  July  1,  at  40  minutes 
past  eight,  p.  m.,  it  passed  4  degrees  to  the 
east  of  the  polar  star.  He  remarks  that, 
*'  supposing  it  at  the  distance  of  the  sun,  at 
this  rate  of  traveUing,  it  would  go  round  the 
earth's  orbit  in  less  than  a  week,  which  makes 
about  eighty  millions  of  miles  a  day, — a  mo- 
tion that  vastly  surpasses  all  human  compre- 
hension. And  as  this  motion  continues  to  be 
greatly  accelerated,  what  must  it  be  when  the 
comet  approaches  still  nearer  to  the  body  of 
the  sun  I"  It  is  probable,  however,  that  the 
comet  was  considerably  nearer  the  earth  than 
the  distance  of  the  sun  ;  but  still  the  velocity 
with  which  it  was  impelled  must  have  been 
amazingly  great. 

Such  is  a  brief  summary  of  the  most  re- 
markable facts,  interesting  to  the  general  rea- 
ders, which  have  been  ascertained  in  relation 
to  comets.  It  is  to  be  hoped  that,  in  the  pro- 
gress of  astronomical  discovery,  some  additional 
light  will  be  thrown  on  the  nature  and  the 
destination  of  those  mysterious  bodies,  whose 
number  appears  so  far  to  surpass  that  of  the 
primary  and  secondary  planets  of  our  system. 
It  was  long  ago  predicted  by  Seneca,  a  Roman 
philosopher  who  lived  in  the  first  century  of 
the  Christian  era,  "  that  the  time  will  come 
when  the  nature  of  comets  and  their  magni- 
tude will  be  demonstrated,  and  the  courses 
they  take  so  different  from  those  of  the  planets ; 
and  that  posterity  will  wonder  that  the  pre- 
ceding ages  should  be  ignorant  in  matters  so 
plain  and  easy  to  be  known."  In  order  that 
this  prediction  may  be  fully  realized,  it  is  re- 
quisite that  we  should  become  acquainted  with 
all  the  observations  that  have  hitherto  been 
88 


made,  and  the  facts  in  relation  to  these  bodies 
which  have  been  ascertained  ;  that  we  should 
compare  the  various  observations  with  each 
other,  and  attend  to  the  minutest  circumstances 
and  phenomena  connected  with  comets  ;  that 
numerous  observers  should  be  appointed  to 
survey  different  portions  of  the  firmament,  both 
in  the  northern  and  southern  hemispheres^ 
that  no  comet  that  comes  within  the  limits  o. 
our  vision  may  pass  unobserved ;  and  iha 
when  a  comet  of  large  size  approaches  ?iear 
the  centre  of  our  system,  ever}'  mirmte  j  arti- 
cular in  reference  to  its  motions,  and  the 
changes  which  takes  place  in  its  nuc  leus, 
envelope,  and  tail,  be  carefully  observed  and 
delineated  by  accurate  representations. 

Whatever  opinions  we  may  adopt  as  to  the 
physical  constitution  of  comets,  we  must  ad- 
mit that  they  serve  some  grand  and  important 
purpose  in  the  economy  of  the  universe;  for 
we  cannot  suppose  that  the  Almighty  has 
created  such  an  immense  number  of  bodies, 
and  set  them  in  rapid  motion  according  to 
established  laws,  witliout  an  end  worthy  of 
his  perfections,  and,  on  the  whole,  beneficial 
to  the  inhabitants  of  the  system  through  which 
they  move. 

They  display  the  wisdom  of  their  Creator 
in  the  arrangemtiits  of  their  orbits  and  mo- 
tions.  As  we  have  every  reason  to  conclude 
that  at  least  thousands  of  those  bodies  traverse 
the  solar  system  in  all  directions,  and  are  cer- 
tain that  their  orbits  are  inclined  in  every  pos- 
sible degree  to  one  another,  and  to  the  orbit 
of  the  earth,  so  we  find  that  they  have  been 
so  admirably  arranged  by  Divine  Intelligence, 
that  no  one  of  them  interferes  with  another, 
or  with  the  courses  of  the  planets,  so  as  to 
produce  concussion  or  disorder.  The  orbits 
of  some  comets  indeed  are  found  to  approach 
very  near,  and  even  to  cross  the  orbit  of  the 
earth  and  the  orbits  of  several  other  planets, 
and  consequently,  there  is  a  possibility  that  a 
comet  might  come  into  concussion  with  our 
globe  ;  and  this  consideration  shows  us  that 
that  we  are  dependent  for  our  present  security 
and  comforts  on  the  wise  arrangements  of  the 
Almighty,  in  securing  perfect  harmony  and 
order  amidst  apparent  danger  and  confiision. 
But  we  have  no  evidence  that  such  a  catas- 
trophe has  ever  happened,  either  in  the  case 
of  the  earth  or  of  any  of  the  other  planets, 
or  that  one  comet  has  ever  impinged  upon 
another.  Believing  that  every  object  and 
event  in  the  universe  is  arranged  and  directed 
by  an  Omnipotent  Contriver,  we  must  admit 
that  when  the  Almighty  formed  the  wondrous 
plan  of  creation,  "  forseeing  the  end  from  the 
beginning,"  he  arranged  the  periods  and  the 
velocities  of  comets  in  such  a  manner  that, 
although  occasionally  crossing  the  planetary 
orbits,  they  should  not  pass  these  orbits  at  the 
3  N  (697) 
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time  when  the  planets  were  in  their  immediate 
vicinity.  And  should  such  an  event  ever  oc- 
cur, we  may  rest  assured  that  it  is  in  perfect 
accordance  with  the  pian  and  the  will  of 
Omnipotence,  and  that  it  is,  on  the  whole, 
subservient  to  the  happiness  and  order  of  the 
intelligent  universe,  and  the  ends  intended  by 
the  Divine  government.  If  there  are  thou- 
sands and  perhaps  millions  of  comets  of  all 
descriptions  traversing  every  part  of  the  plane- 
tary regions,  in  orbits  of  every  degree  of  incli- 
nation, of  extent,  and  of  eccentricity,  we  are 
sure  that  none  but  a  Being  of  infinite  power 
and  intelligence  could  have  arranged  such  a 
vast  and  complicated  system,  so  as  to  have 
prevented  numerous  interferences  and  disasters, 
and  to  make  the  whole  move  onward  for  ages 
in  perfect  harmony. 

The  system  of  comets  likewise  presents  to 
us  a  display  of  the  omnipotence  and  grandeur 
of  the  Deity.  The  number  of  these  celestial 
visitors,  the  vast  magnitude  of  their  tails,  en- 
velopes, and  nuclei,  and  the  amazing  velocity 
with  which  they  wheel  their  courses  through 
the  ethereal  regions,  exhibit  before  us  objects 
of  astonishing  grandeur,  and  evince  the  Al- 
mighty power  of  trim  who  at  first  impelled 
them  in  their  rapid  career.  The  diameter  of 
the  nucleus  of  the  comet  of  1807  was  estimated 
by  Schroeter  at  4600  miles,  and  that  of  its 
coma  120,000  miles.  Besides  its  principal 
tail,  it  shot  forth  coruscations  to  the  extent 
of  four  millions,  six  hundred  thousand  miles. 
The  nucleus  of  the  comet  of  1811  was,  ac- 
cording to  the  same  observer,  50,000  miles  in 
diameter,  its  coma  or  envelope  947,000  miles, 
and  its  tail  or  train  of  light,  sixty  millions  of 
miles  in  length,  or  more  than  half  the  distance 
between  the  earth  and  the  sun.  Let  us  con- 
ceive such  a  body,  like  the  comet  of  1680, 
traversing  the  immense  spaces  of  creation  with 
the  velocity  of  ten  hundred  thousand  miles  an 
hour,  and  drawing  after  it  a  luminous  train, 
a  hundred  millions  of  miles  in  length,  ap- 
proaching at  one  time  so  near  the  sun  that  his 
circumference  would  appear  to  fill  the  greater 
part  of  the  firmament,  and  then  rushing  back 
through  the  depths  of  immeasurable  space, 
thousands  of  millions  of  miles  beyond  the  orbit 
of  Uranus,  and  displaying  its  majestic  train  to 
the  other  planetary  v/orlds  of  our  system — 'and 
we  have  presented  to  our  mental  eye  an  object 
of  peculiar  grandeur  and  magnificence,  differ- 
ent from  every  thing  else  which  the  planetary 
system  exhibits,  and  which  displays  in  an  emi- 
nent degree  the  power  and  magnificence  of 
the  Great  Creator.  Were  such  a  body  to 
sweep  along  the  regions  which  lie  in  the  im- 
mediate vicirnty  of  our  globe,  at  the  distance 
often  or  twelve  thousand  miles,  nothing  that 
w®  have  ever  b'^held  or  can  well  conceive 
eoiild  be  compared  to  the  majestic  grandeur  of 
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the  scene,  which  would  overpower  the  mind 
both  with  astonishment  and  with  terror.  On 
the  view  of  such  an  object,  sweeping  along 
with  such  velocity,  we  could  scarcely  refraiij 
from  exclaiming,  in  the  language  of  inspira- 
tion, "  Great  and  marvellous  are  thy  works. 
Lord  God  Almighty  !"  What,  then,  shall  we 
think  of  thousands  of  such  mysterious  jrbs 
winding  their  flight  in  every  direction,  in  per- 
fect regularity  and  order,  through  the  immen- 
sity of  space  !  Surely  these  are  the  wonder- 
ful works  of  Him  who  is  mighty  in  operation 
and  perfect  in  knowledge. 

In  all  the  works  of  the  Deity,  we  must  like- 
wise admit  that  his  goodness  is  displayed  al- 
though we  may  not  be  able  to  trace  the  mode 
of  its  communication  ;  for  v/e  may  lay  it  dovi^n 
as  an  axiom,  that  wherever  wisdom  and  om- 
nipotence are  exhibited  throughout  the  Divine 
economy,  there  is  also  a  display  of  benejice^ice^ 
which  appears  to  be  one  prominent  design  of 
all  the  works  of  God.  Comets  have  long  been 
considered  as  objects  of  terror,  and  as  omens 
of  impending  calamities ;  but  there  can  be 
no  question  that  they  are  as  intimately  con- 
nected with  a  system  of  benevolence  as  are 
the  solar  radiations  and  their  benign  influence 
on  our  globe  and  on  the  other  planets.  It 
has  been  conjectured  that  comets  may  supply 
moisture  to  the  planets,  and  invigorate  the 
vital  principle  of  our  atmosphere ;  that  they 
may  recruit  the  sun  with  fresh  fuel  and  repair 
the  consumption  of  his  light ;  or  that  they 
may  be  the  agents  for  dispersing  the  electric 
fluid  throughout  the  planetary  regions;  and 
although  there  is  little  probability  that  such 
conjectures  are  accordant  with  fact,  yet  it  may 
be  admitted  that  comets  may  produce  Siphysi' 
cal  influence-  of  a  beneficial  nature  throughout 
the  solar  system.  But  what  I  conceive  to  be 
one  of  the-  main  designs  of  the  Creator  in  the 
formation  of  such  a  vast  number  of  splendid 
bodies  is,  that  they  may  serve  as  habitations 
for  myriads  of  intellectual  beings,  to  whom 
the  Almighty  bestows  his  perfections  in  a 
peculiar  manner,  and  on  whom  he  displays 
the  riches  of  his  beneficence.  V/hatever  may 
be  the  intention  of  those  comets  which  are 
destitute  of  a  nucleus,  this,  in  all  probability, 
is  the  chief  design  of  those  which  are  large 
and  which  are  invested  with  a  solid  nucleus  ; 
and  the  same  arguments  which  we  formerly 
brought  forward  to  prove  that  the  planets  are 
inhabited  might  be  adduced  in  proof  of  the 
inhabitabihty  of  comets.  If  this  position  be 
admitted,  then  we  ought  to  contemplate  the 
approach  of  a  comet,  not  as  an  object  of  terror 
or  a  harbinger  of  evil,  but  as  a  splendid  world, 
of  a  different  construction  from  ours,  convey- 
ing millions  of  happy  beings  to  survey  a  new 
region  of  the  Divine  empire,  to  contemplate 
new  scenes  of  creating  power,  and  to  celebrate 
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iri  loftier  strains  the  wonders  of  Omnipotence.* 
Viewing  the  comets  in  this  Ught,  what  an 
immense  population  must  be  contained  within 
the  limits  of  the  solar  system,  which  gives 

*  The  most  complete  account  of  the  phenomena, 
&c.  of  comets  I  have  seen  is  a  treatise  on  this 
eubject  in  manuscript,  by  the  Rev.  Thomas  W. 
Webb,  of  Tretire,  near  Ross.  This  treatise  con- 
tains~l.  A  copious  introduction,  embodying  a  va- 
riety of  interesting  general  remarks  in  relation  to 
this  subject.  2.  A  particular  account  of  the  comet 
of  1807,  according  to  the  observations  of  Sir  Wil- 
liam Jierschel.  3.  A  description  of  the  same  comet 
from  the  observations  of  Dr.  Jolian,  Hieron. 
Schroeter.  4.  Au  account  of  the  great  comet  of 
1811,  according  to  tiie  observations  of  Sir  W. 
flerschel.  5.  A  particular  description  of  the  phe- 
nomena of  the  same  comet,  according  to  the  ob- 
servations of  Scliroeter.  6.  A  description  of  the 
second  comet  of  1811,  according  to  the  observa- 
tions of  Sir  W,  flerschel.  These  oi)servations, 
particularly  those  of  Schroeter,  contain  the  most 
minute  descriptions  which  have  hitherto  been 
given  of  the  phenomena  of  this  class  of  the  celes- 
tial bodies,  and  will  be  found  of  essential  service, 
not  only  to  amateur  observers,  but  to  astronomers 
of  every  description.  They  have  been  extracted 
&nd  arranged  chiefly  from  the  "  Philosophical 
Transactions,"  and  the  works  of  Schroeter,  which 
were  published  in  the  German  language.  The 
jSppendixy  or  Second  Part,  which  occupies  nearly 
half  the  volume,  comprises  a  lucid  investigation 
of  the  following  topics — 1,  Comparison  of  obser- 
vations. 2.  Examination  of  hypotheses.  3.  Na- 
ture, light,  and  solidity  of  Comets.    4.  Colours  of 


room  for  the  excursions  of  such  a  vast  num- 
ber of  these  bodies !  and  what  an  incalculable 
number  of  beings  of  all  ranks  must  people 
the  wide-extended  universe ! 

Comets.  5,  Brightness  of  Comets.  6,  Divided 
tails  of  Comets,  7,  Coruscations  of  Comets,  8. 
Miscellaneous  notices  concerning  remarkable 
comets.  9.  On  the  influence  of  comets.  10. 
Losses  to  science  containing  an  account  of  the 
disasters  which  befell  Schroeter,  Hevelius,  (Stc. 
11.  Mints  to  amateur  observers.  This  volume 
contains  230  quarto  pages,  besides  a  great  num- 
ber of  copious  notes,  and  forty-six  figures  of  the 
different  appearances  of  comets,  it  indicates  a 
very  great  degree  of  labour  and  researcii,  which 
the  astronomer  alone  will  be  able  fully  to  appre- 
ciate. Tl  v  author  appears  to  have  consulted  most 
of  the  V'orivS  wh  ch  have  been  published  on  the 
subject,  in  the  ii^nglish,  Latin,  French,  and  Ger- 
man languages,  besides  embodying  a  number  of 
original  observations  and  remarks.  And  what  is 
not  among  the  least  important  features  of  the 
work,  the  author  takes  every  proper  o[)portunity 
of  introducing  such  moral  reflections  as  the  sub- 
ject naturally  suggests,  and  of  directing  the  con- 
templations of  his  readers  to  ilira  vvlio  sits  on 
the  throne  of  tlie  universe.  The  observations  of 
Schroeter  contained  in  the  preceding  pages  have 
been  extracted  from  this  volume,  it  is  to  be  hoped 
that  the  worthy  author,  who  is  already  known  to 
a  considerable  portion  of  tlie  scientific  world  by 
his  communications  to  periodicals  and  scientific 
associations,  will  soon  receive  encouragement  to 
lay  this  work  before  the  public. 


APPENDIX. 


SSNEBAl  APPEARANCE  OF  THE  STARRT    HEAYENS    AT    DIEFEIIEIS'T  PERIODS    OF    THE  YEAR. 


The  following  descriptions  are  intended  to 
point  out  to  the  young  observer  the  principal 
stars  and  constellations  in  the  beginning  of 
every  alternate  month  throughout  the  year, 
and  the  particular  quarter  of  the  heavens 
where  they  may  be  perceived.  The  time  of 
observation  is  supposed  to  be  nine  o^ clock  in 
the  eve/iiyig,  except  on  the  1st  of  July ;  but 
the  general  aspect  of  the  heavens,  and  the 
relative  positions  of  the  different  stars  and 
constellations,  will  not  be  materially  different 
when  viewed  an  hour  before  or  after  the  time 
now  specified. 

Aspect  of  the  Heavens  on  the  \st  of  January  ^ 
at  nine  o^ clock  in  the  evening. 

At  this  time  the  Pleiades,  ox  Seven  Stars, 
are  nearly  on  the  meridian,  at  an  elevation 
of  more  than  60  degrees  above  the  southern 
horizon.  The  bright  star  Aldebaran,  or  the 
Bull's  Eye,  which  is  of  a  ruddy  hue,  appears 
to  the  left,  in  a  direction  nearly  east  by  south, 


at  the  distance  of  14°.  About  15°  east-north- 
east of  Aldebaran  is  a  bright  star  of  the 
second  magnitude,  marked  Beta,  or  El-nath ; 
from  this  star  io  Zeta^  in  the  tip  of  the  south- 
ern horn  of  the  Bull,  is  about  8°  in  a  south- 
ern direction.  This  star  forms  a  right  angle 
with  Aldebaran  and  Beta.  North  of  Beta, 
at  the  distance  of  17°,  is  the  bright  star 
Capella,  in  the  constellation  of  Auriga,  a  star 
of  the  first  magnitude,  which  appears  at  a 
high  elevation  a  few  degrees  south-east  of  the 
zenith.  In  a  direction  south-east  of  Alde- 
baran and  the  Pleiades  is  the  splendid  con- 
stellation of  Orion,  Bellatrix,  on  the  west 
shoulder  of  Orion,  is  about  16°  south-east  of 
Aldebaran,  which  is  placed  in  the  middle  of 
the  line  which  connects  the  Pleiades  with 
Bellatrix  ;  these  three  objects  appearing  nearly 
equidistant  in  a  line  N.  W.  and  S.E.  of  each 
other.  Nearly  due  east  from  Bellatrix,  at 
the  distance  of  7^°,  is  Betelguese,  a  star  of 
the  first  magnitude  in  the  east  shoulder  of 
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Orion.  About  15°  south  by  west  of  BcUatrix 
is  Rigel,  a  star  of  the  first  magnitude  in  the 
left  toot,  and  8^-*^  to  the  east  is  SoLiph,  a  star 
of  the  third  magnitude  in  the  right  knee  of 
Orion.  These  lour  stars  m  the  form  of  a 
parallelogram,  with  the  three  bright  equidis- 
tant stars  called  the  Belt,  form  the  outlines 
of  this  constellation.  There  is  a  small  trian- 
gle of  three  small  stars  in  the  head  of  Orion 
which  forms  a  larger  triangle  with  Bellatrix 
and  Betelguese,  the  two  in  his  shoulders. 
(See  fi^,  of  Orion,  p.  30,  and  Plate  I.) 

North-east  of  Betelguese,  at  the  distance 
of  ]  4*^,  is  the  star  Alhena,  or  y  Gerainorum, 
the  principal  star  in  the  feet  of  the  Twins ; 
and  about  20^  N.E.,  nearly  in  the  same  right 
line  from  Betelguese,  are  Castor  and  Pollux, 
Castor  being  the  uppermost  and  the  bright- 
est, at  the  distance  of  only  4^°  from  Pollux. 
These  and  th-i  other  stars  which  lie  adjacent 
to  them  form  the  constellation  Gemini,  one 
of  the  signs  of  the  Zodiac.  The  small  stars 
immediately  to  the  east  of  Gemini  are  in  the 
constellation  Cancer^  another  zodiacal  con- 
stellation through  which  the  sun  passes  in 
July  and  August.  In  this  constellation  is  a 
nebulous  cluster  of  very  small  stars,  called 
Fri£sepi,  which  may  be  distinguished  as  a 
faint  cl  Judy  speck  by  the  naked  eye.  (See 
page  78.) 

Immediately  below  Orion  are  the  constella- 
tions of  Lepus,  or  the  Hare,  and  Noah's 
Dove,  which  are  very  near  the  horizon.  South 
by  east  of  Orion  is  Canis  Major,  or  the 
Greater  Dog,  which  is  distinguished  by  its 
principal  star  Sirius,  the  brightest  fixed  star 
in  the  heavens.  It  is  nearly  straight  south 
of  Alhena,  in  the  feet  of  the  Twins,  at 
35°  distant,  and  south  by  east  of  Betel- 
guese at  the  distance  of  27^.  A  line  drawn 
through  the  three  stars  in  the  belt  of  Orion, 
and  prolonged,  meets  Sirius  at  the  distance 
of  23°.  About  5^°  west  of  Sirius  is  Mirzam, 
of  the  second  magnitude,  in  the  foot  of  the 
Dog.  Nearly  due  oast  from  Orion,  but  less 
elevated  above  the  horizon,  is  Canis  Minor j 
or  the  Lessor  Dog.  The  centre  of  this  small 
constellation  is  situated  about  5°  north  of 
the  equinoctial,  and  midway  between  Gemini 
and  Canis  Major.  It  is  distinguished  by  the 
bright  star  named  Frocyon,  which  signifies 
"  before  the  Dog."  About  4°  to  the  north- 
west is  Gomelza,  a  star  of  the  third  magni- 
tude. Procyon,  at  the  time  supposed,  appears 
nearly  due  east  from  Betelguese,  at  the  dis- 
tance of  about  26^\  Tiie  head  of  Hydra  lies 
immediately  to  the  east  of  Procyon;  but 
Alphard,  or  Cor  Hydrse,  the  principal  star 
of  this  constellation,  is  not  risen  at  the  time 
supposed.  A  little  to  the  north  of  the  east- 
ern point  of  the  compass,  and  at  a  very  small 
elevation  above  the  horizon,  is  lieguluSf  a  star 
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of  the  first  magnitude,  in  the  constellation 
Leo,  which  is  the  Jifih  sign,  and  the  sixth 
constellation  of  the  zodiac. 

Turning  our  faces  towards  the  north-east, 
Ursa  Major,  or  the  Great  Bear,  is  the  most 
striking  constellation  that  meets  the  eye.  I'he 
two  pointers,  Dubhe  and  Merak,  appear  up- 
permost, and  point  westward  to  the  Pole-star ; 
while  the  stars  forming  the  tail  seem  to  hang 
downwards  from  the  square  of  this  constella- 
tion. As  the  night  advances,  this  group  of 
stars  rises  higher  in  the  heavens,  till^  about 
three  in  the  morning,  they  approach  near  the 
zenith.  Ursa  Minor,  or  the  Lesser  Bear,  is 
seen  below  the  pole,  the  square  of  which  being 
a  little  to  the  eastward  of  the  meridian.  Di- 
rectly below  the  Great  Bear,  at  a  very  small 
elevation  above  the  horizon,  and  in  a  direction 
N.E.  by  N.,  is  Cor  Caroli,  a  star  of  the 
second  magnitude,  in  Chara,  one  of  the  Gray- 
hounds.  North  by  East  of  Aldebaran,  at  the 
distance  of  30°,  is  the  bright  star  Capella  in 
Aw^iga, 

Directing  our  view  a  little  to  the  west  of 
the  meridian,  we  perceive  the  constellation 
Aries,  which  is  immediately  to  the  westward 
of  the  Pleiades,  and  nearly  at  the  same  alti- 
tude. Above  2000  years  ago,  in  the  days  of 
Hipparchus,  this  constellation  occupied  the 
first  sign  in  the  zodiac,  into  which  the  sun 
entered  about  the  21st  of  March;  but,  as  in 
consequence  oiiliQ  precession  of  the  equinoxes 
the  constellations  gain  about  50'^  on  the 
equinox  every  year,  they  have  now  advanced 
in  the  ecliptic  nearly  3 1  degrees  beyond  it,  or 
somewhat  more  than  a  whole  sign ;  so  that 
the  constellation  Fisces  now  occupies  the 
same  place  in  the  zodiac  that  Aries  did  2000 
years  ago,  while  the  constellation  Aries  is 
now  in  the  sign  Taurus,  Taurus  in  Gemini, 
&c.,  so  that  Aries,  though  the  /irst  sign,  is 
the  second  constellation  of  the  Zodiac.  It  is 
situated  next  east  of  Pisces,  and  midway  be- 
tween the  Triangles  and  Musca  on  the  north, 
and  Ceius,  or  the  Whale,  on  the  -south.  It 
is  distinguished  by  two  bright  stars  in  the 
head,  distant  from  each  other  about  4°,  the 
brightest  being  a  little  to  the  east  or  north- 
east of  the  other,  being  about  25^  west  of  the 
Pleiades,  and  19°  south  of  Almaack,  in  the 
foot  of  Andromeda.  North  by  east  from 
Aries  is  Musca,  or  the  Fly,  which  consists  of 
four  or  five  stars,  chiefly  of  the  third  and 
fourth  magnitudes,  very  near  to  each  other. 
It  is  situated  between  the  first  star  of  Aries 
and  the  Pleiades,  but  a  little  higher  than 
either.  North  by  east  from  the  Fly,  at  the 
distance  of  about  16°,  and  at  20°  north  by 
west  of  the  Pleiades,  and  at  a  higher  eleva- 
tion, is  the  head  of  Medusa,  the  principal  star 
of  which  is  Algol,  which  regularly  varies  in 
its  lustre.     (See  p.  60.)    West  by  north  froiii 
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Medusa  is  Andromeda,  one  of  the  principal 
stars  of  which  is  Almaack,  at  the  distance  of 
12^  west  by  north  of  Algol.  West  of  Al- 
maack, at  the  distance  of  12°,  is  Mirach,  both 
of  them  stars  of  the  second  magnitude.  If 
the  line  connecting  Almaack  and  Mirach  be 
prolonged  8^  further  west  or  south-west,  it 
will  reach  Delta,  a  star  of  the  third  magni- 
tude in  the  left  breast. 

West  from  Andromeda,  and  a  little  to  the 
south,  is  Pegasus,  or  the  Flying  Horse,  which 
is  distinguished  from  the  other  constellations 
by  four  bright  stars  of  the  second  magnitude, 
forming  a  square,  which  is  generally  termed 
the  Square  of  Pegasus.  The  northermost 
star,  which  is  the  brightest  of  three  that  form 
a  kind  of  triangle,  is  Scheat,  whose  N.  decli- 
nation is  26-^°.  Markab  is  situated  13*^ 
south  of  Scheat,  and  at  the  time  supposed  is 
nearly  due  west,  and  about  22°  above  the 
western  point  of  the  horizon.  These  two 
stars  form  the  western  side  of  the  square. 
East  from  Markab,  at  the  distance  of  16^°,  is 
Algenib,  and  14°  north  of  Algenib  is  Alphe- 
ratz';  which  two  stars  form  the  eastern  side 
of  the  square.  Scheat  and  Alpheratz  form 
the  northern,  and  Markab  and  Algenib  the 
southern  sides  of  the  square.  Alpheratz 
constitutes  a  part  of  the  head  of  Andromeda, 
but  it  is  also  considered  as  connected  with 
Pegasus.  About  26°  north  of  Andromeda  is 
Cassiopeia,  midway  between  it  and  the  Pole- 
star.  It  passes  the  meridian  nearly  in  the 
zenith  about  the  22d  of  November.  At  this 
time  it  i^  betvireen  20°  and  30°  west  of  the 
meridian.  (See  pp.  18  and  45.)  The  star 
Caph,  in  this  constellation,  along  with  Al- 
pheratz and  Algenib,  are  situated  on  the 
prime  meridian  which  passes  through  the 
first  point  of  Aries,  from  which  the  right  as- 
censions of  all  the  heavenly  bodies  are  mea- 
sured. The  line  connecting  these  stars  forms 
an  arc  of  the  equinoctial  colure,  which 
passes  through  the  vernal  equinox,  and  across 
which  the  sun  passes  on  the  21st  of  March. 
When  we  say  that  the  sun,  or  a  star,  or  a 
planet  is  in  so  many  degrees  of  right  ascen- 
sion, we  mean  that  it  is  situated,  or  has 
moved  eastward  so  many  degrees  from  this 
great  circle.  North-west  of  Cassiopeia  is 
Ccpheus,  at  the  distance  of  about  25°,  the 
head  of  which  is  in  the  Milky  Way,  and  may 
be  known  by  three  stars  of  the  fourth  magni- 
tude in  the  crown,  forming  a  small  acute  tri- 
angle about  9°  from  Alderamin,  a  star  of  the 
third  magnitude  in  the  left  shoulder. 

Next  to  Ccpheus,  on  the  west,  is  Cygnus, 
or  the  Swan  ;  the  principal  stars  of  which  are 
distinguished  as  forming  the  figure  of  a  large 
cross,  the  upright  piece  of  which  lies  along 
the  Milky  Way.  The  most  brilhant  star  in 
this  constellation  is  Deneh  Cygni,  of  the  first 


magnitude,  which  is  at  this  time  in  a  direc- 
tion nearly  north-west,  and  25°  abo\e  the 
horizon.  West  from  Deneb,  at  tie  distance 
of  10°  or  11°,  is  Delta,'  and  the  Ime  pro- 
longed about  15°  further  leads  to  the  bright 
star  Vega,  the  principal  star  in  Lyra,  which 
is  then  about  6°  above  the  horizon  in  a  direc- 
tion north-west  by  north.  North  by  east  of 
Lyra  is  the  head  of  Draco,  distinguished  by 
four  stars  separate  from  each  other  by  inter- 
vals of  3°,  4°,  and  5°.  The  one  to  the  south, 
or  nearest  Lyra,  is  Etanim,  or  y  Draconisj 
which  1l>t.  Bradley  fixed  upon  in  his  attempt 
to  determine  the  annual  parallax.  At  this 
time  it  is  16°  above  the  horizon,  in  a  direction 
N.  N.  W.  About  4°  to  the  north  of  it  is 
Rastaben,  both  of  them  stars  of  the  second 
magnitude.  Turning  our  eyes  again  towards 
the  southern  part  of  the  meridian,  we  behold 
the  head  of  Cetus  or  the  Whale,  about  20° 
S.E.  of  Aries,  and  about  24°  S.  by  W.  of  the 
Pleiades.  It  is  distinguished  by  five  stars, 
4°  or  5°  asunder,  which  form  a  figure  resem- 
bling a  regular  pentagon.  The  brightest  of 
these  stars,  which  is  the  eastermost,  and  of 
the  second  magnitude,  is  Menkar,  which 
makes  an  equilateral  triangle  with  Arictis  and 
the  Pleiades,  being  distant  from  each  about 
23^^°.  About  14°  south-west  of  Menkar  is 
Mir  a,  or  the  Wonderful  Star,  which  is  found 
to  vary  its  apparent  size  from  a  star  of  the 
second  or  third,  to  one  of  the  sixth  or  seventh 
magnitude.  (See  p.  50.)  North-west  of 
the  head  of  Cetus,  and  west  of  Aries,  is 
the  constellation  Pisces,  or  the  Fishes,  one 
of  the  signs  of  the  Zodiac,  in  which  there  are 
no  remarkable  stars,  most  of  them  being  of 
the  third,  fourth,  and  inferior  magnitudes. 

Such  is  the  general  outline  of  the  heavens 
as  they  appear  about  the  beginning  of  January. 

General  Appearance  of  the  Heavens  07i  the 
1st  of  March,  at  nine  o'clock,  p.  m. 

At  this  period  of  the  year,  at  9  p.  m., 
several  of  the  constellations  which  were  seen 
in  the  beginning  of  January,  have  disappeared, 
such  as  Pegasus,  Pisces,  and  others.  Others, 
which  are  still  visible,  appear  in  other  quar- 
ters of  the  heavens;  and  some  stars  and  con- 
stellations which  were  then  below  the  horizon 
have  risen  to  a  considerable  elevation  above 
it.  Orion  is  now  in  the  south-west  quarter 
of  the  heavens ;  the  Pleiades,  instead  of  being 
on  the  meridian,  are  due  west,  at  an  eleva- 
tion of  34°  above  the  western  point  of  the 
horizon ;  the  bright  star  Sirius  is  to  the  west 
of  the  meridian,  in  a  direction  S.  S.  W. ; 
Canis  Minor  and  Procyon  are  a  few  degrees 
to  the  west  of  the  meridian ;  Castor  and 
Pollux,  directly  north  of  Procyon,  have  like- 
wise passed  thfc  meridian  ;  Capella  is  seen  at 
a  high  elevation,  30°  west  of  the  zenith; 
3  N  2  (701) 
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Menkar,  in  the  head  of  the  Whale,  is  within 
a  few  degrees  of  the  western  horizon ;  Aries 
is  Ukewise  near  the  western  horizon ;  and 
Cassiopeia  is  in  a  north-westerly  direction, 
and  at  a  lower  altitude  than  in  January ; 
Denob,  in  the  Swan,  is  very  near  the  horizon, 
a  little  to  the  west  of  the  north  point ;  Vega, 
in  the  Lyre,  is  just  rising  at  a  short  distance 
to  the  east  of  it ;  the  head  of  Draco  is  in  a 
N.  N.  E.  direction,  about  18°  above  the 
horizon ;  the  Great  Bear  is  at  a  higher  eleva- 
tion thati  in  January,  and  the  Pointers  in  a 
direction  N.  N.  E. ;  and  Cor  Caroli  appears 
in  a  direction  east  by  north,  about  midway 
between  the  zenith  and  the  horizon. 

The  following  constellations,  among  others, 
now  appear  which  were  under  the  horizon  in 
January  : — Hydra,  the  largest  star  in  which 
is  Alphard,  or  Cor  Hydrae.  It  is  at  this  time 
in  a  direction  S.  S.  E.,  about  28°  above  the 
horizon.  It  may  be  distinguished  from  this 
circumstance,  that  there  is  no  other  consider- 
able star  near  it.  It  is  23°  S.  S.  W.  of  Regu- 
lus.  The  constellation  Leo,  which  was  only 
partly  visible  in  January,  now  appears  in  its 
splendour  towards  the  eastern  part  of  the  sky. 
Regulus,  one  of  its  largest  stars,  situated  with- 
in half  a  degree  of  the  ecliptic,  is  distinguished 
as  being  the  largest  and  lowest  of  a  group  of 
five  or  six  stars  which  form  a  figure  or  curve 
somewhat  resembling  a  sickle.  East  of  Re- 
gulus, at  the  distance  of  25°,  is  Denebola,  in 
the  Lion's  tail,  which  appears  nearly  in  an 
eastern  direction  35°  above  the  horizon.  East 
from  Leo  is  the  constellation  Virgo  ;  but  all 
the  stars  connected  with  it  have  not  at  this 
time  risen  above  the  horizon.  It  is  situated 
midway  between  Coma  Berenices,  on  the 
north,  and  Corvus  on  the  south.  Coma 
Berenices,  which  consists  of  a  cluster  of  small 
stars,  is  in  a  direction  nearly  due  east,  and 
about  midway  between  the  zenith  and  the 
horizon.  East  by  north  of  this  cluster  at  a 
low  elevation,  is  Bootes,  the  principal  star  of 
which  is  Arcturus,  of  the  first  magnitude.  It 
is  at  this  time  in  a  direction  east  by  north, 
14°  degrees  above  the  horizon.  Further  to 
the  north,  and  at  a  lower  elevation,  is  Corona 
Borealis,  or  the  Northern  Crown,  the  prin- 
cipal star  in  which  is  called  Alphacca,  of  the 
third  magnitude,  and  11°  east  by  north  of 
Mirac,  or  i  Bootes.  This  constellation  is 
distinguished  by  six  principal  stars,  which  are 
so  placed  as  to  form  a  circular  figure,  some- 
what resembling  a  wreath  or  crown. 

ixeneral  Appearance  of  the  Heavens  on  the 
1st  of  May,  at  9  p.  m. 

At  this  period  several  of  the  more  splendid 
conotellations  which  adorn  our  nocturnal  sky 
luring  winter  have  disappeared.  Orion  is 
aearly  hid  beneath  the  western  horizon,  and 
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only  the  bright  star  Betelguese  can  be  faintly 
seen,  as  it  is  about  to  descend  below  the 
western  point  of  the  horizon.  Aries  has  com- 
pletely disappeared :  Caput  Medusae,  Taurus, 
the  Pleiades,  and  Aldebaran,  are  just  verging 
on  the  borders  of  the  north-western  horizon, 
and  are  scarcely  visible;  and  the  brilliant  star 
Sirius  has  completely  disappeared  from  the 
nocturnal  sky.  The  Head  of  Hydra,  with 
Alphard,  its  principal  star,  are  in  a  south- 
westerly direction ;  Canis  Minor  and  Procyon 
are  in  a  direction  W.  S.  W.,  consideiably  to 
the  west  of  Alphard,  but  nearly  at  the  same 
altitude.  North  of  Procyon,  at  a  considerable 
distance,  are  Castor  and  Pollux,  about  raid- 
way  between  the  zenith  and  the  western  point 
of  the  horizon.  At  a  considerable  distance 
to  the  north-west  of  these  is  Capella,  consider- 
ably nearer  the  north-western  horizon  than 
the  zenith.  Cassiopeia  appears  very  low  in 
altitude,  near  the  northern  quarter  of  the 
heavens,  and  the  Great  Bear  appears  near  its 
most  elevated  position,  not  far  from  the  zenith, 
the  two  Pointers  pointing  nearly  directly 
downwards  to  the  Pole-star,  while  at  the  same 
hour  in  November,  they  point  almost  directly 
upwards.  Regulus  is  about  22°  west  of  the 
meridian,  at  a  considerable  elevation ;  Dene- 
bola, in  the  same  constellation  (the  Lion,)  is 
just  on  the  meridian,  at  a  little  higher  altitude 
than  Regulus.  Arcturus  is  seen  in  a  direc- 
tion E.  S.  E.,  at  a  very  considerable  eleva- 
tion, and  26°  north-west  of  it  is  Cor  Caroli, 
not  very  far  from  the  zenith.  The  stars  in 
the  Northern  Crown  appear  due  east,  midway 
between  the  zenith  and  the  horizon.  The 
brilliant  star  a.  Lyree  appears  near  the  north- 
east, about  23^°  above  the  horizon.  The 
Swan  is  near  the  N.  N.  E.  quarter  of  the 
sky,  and  one  of  its  principal  stars,  Deneb,  is 
about  14°  above  the  horizon.  The  principal 
stars  in  Draco  appear  elevated  20°  above  a, 
Lyrse,  and  nearly  in  the  same  direction. 

The  principal  constellations  which  were 
formerly  invisible  are — the  south-eastern  por- 
tion of  Virgo,  Libra,  Taurus  Poniatowski, 
Serpentarius,  and  Hercules,  These  con- 
stellations appear  near  the  eastern  and  south- 
eastern portions  of  the  sky.  The  bright  star 
of  the  first  magnitude,  Spica  Virginis,  which 
was  below  the  horizon  in  March,  is  now 
elevated  24°,  and  may  be  seen  in  a  direction 
S.  S.  E.  It  is  35^?  south-east  of  Denebola, 
and  about  the  same  distance  S.  S.  W.  of 
Arcturus;  three  stars  of  the  first  magnitude^ 
which  form  a  large  equilateral  triangle,  point- 
ing to  the  south.  A  similar  triangle,  pointing 
to  the  north,  is  formed  by  Arcturus,  Denebola.^ 
and  Cor  Caroli.  The  principal  star  in  Her- 
cules is  Ras  Algethi  ;  and  Ras  Alhague,^^ 
firom  it,  in  the  head  of  Ophiuchus,  may  b« 
seen  nearly  due  east,  at  a  small  elevation 
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above  the  horizon,  Ras  Algethi  being  the 
brightest  and  the  highest.  Libra  is  situated 
to  the  south  of  the  Serpent,  and  to  the  east 
of  Virgo.  Its  two  brightest  stars  are  of  the 
second  magnitude ;  the  one  is  named  Ziihen- 
cschamxili,  21°  east  of  Spica  Virginis,  but  at 
a  much  lower  altitude ;  the  other  is  called 
Zubenelgemabi,  about  9^°  above  the  other 
towards  the  north-east.  At  this  time  they 
appear  in  the  south-east  quarter  of  the  hea- 
vens, at  no  great  elevation  above  the  horizon. 
The  constellation  Serpens  lies  between 
Corona  Borealis  and  Libra.  Its  principal 
star  is  of  the  second  magnitude,  and  named 
bnuk ,'  it  may  be  known  by  being  nearly  in 
the  middle  between  two  smaller  stars,  the 
lower  one  being  2^°,  and  the  upper  5^°  from 
it.  It  is  in  a  direction  E.  S.  E.,  at  about  24° 
above  the  horizon. 

Aspect  of  the  Heavens  on  the  1st  of  July,  at 

10  P.M. 

As  the  twilight  at  this  season  is  too  strong 
to  admit  of  particular  observations  at  9  p.  m., 
I  have  fixed  the  hour  of  ten  as  the  most  pro- 
per time  for  perceiving  the  principal  stars. 
Most  of  the  southern  constellations  which 
were  visible  in  January,  and  which  are  the 
most  briUiant,  have  now  disappeared ;  and 
those  in  the  north  are  in  positions  in  the  hea- 
ven.s  very  different  from  those  on  which  they 
appeared  in  winter.  The  Northern  Crown, 
the  Serpent,  and  Libra,  are  now  to  the  west 
of  the  meridian ;  Arcturus  is  considerably  to 
the  west  of  the  meridian,  but  at  a  high  eleva- 
tion ;  immediately  below  which,  at  a  consider- 
able distance,  is  Spica  Virginis,  very  near  the 
8.  W.  by  W.  point  of  the  horizon.  Cor 
Caroli  appears  north  by  west  of  Arcturus,  at 
a  considerable  distance,  and  at  a  high  altitude; 
immediately  below  which,  at  a  considerable 
distance,  and  nearly  due  west,  is  Denebola. 
The  Great  Bear  is  now  considerably  west  of 
the  meridian,  at  a  high  altitude,  the  two 
pointers  pointing  eastward  to  the  Pole-star. 
Castor  and  Pollux  have  just  descended  below 
the  horizon  near  the  north-west ;  and  Capella, 
which  never  sets  in  this  latitude,  is  very  near 
the  north  point,  only  a  few  degrees  above  the 
horizon.  Cassiopeia  is  near  the  north-eastern 
quarter,  at  no  great  elevation,  and  a  Lyras  is 
at  a  very  high  altitude  to  the  east  of  the 
meridian ;  east  of  which,  at  a  lower  altitude, 
is  Deneb,  one  of  the  principal  stars  in  the 
Swan.  The  four  stars  forming  the  square  of 
Pegasus  are  now  seen  a  little  to  the  north  oi 
the  El  point,  in  a  position  nearly  opposite  to 
that  in  which  they  appeared  in  January. 
The  star  Antares,  in  Scorpio,  of  the  first 
magnitiide,  is  past  the  meridian,  at  an  altitude 
of  only  about  11°.  Ras  Algethi  and  Alhague 
are  nearly  on  the  meridian. 


The  constellation  of  AquHa,  or  the  Eagle, 
which  was  formerly  invisible,  now  makes  its 
appearance  in  the  south-east.  AUair,  its 
principal  star,  of  between  the  first  and  second 
magnitude,  is  distinguished  by  being  nearly 
in  the  middle  between  two  stars  of  the  third 
magnitude,  each  of  them  2°  distant  from  it  in 
a  hue  bearing  S.E.  and  N.W.  Altair  is  at 
this  time  about  37°  above  the  south-eastern 
horizon.  North-east  of  Aquila  is  the  Bolphhiy 
at  the  distance  of  13°  or  14°.  It  is  a  beauti- 
ful  little  cluster  of  stars,  consisting  of  about 
18  in  number,  including  five  of  the  third  mag- 
nitude, but  none  larger,  which  are  so  arranged 
as  to  form  the  figure  of  a  diamond,  pointing 
N.E.  and  S.W^.  It  is  sometimes  known  by 
the  name  of  JoVs  Coffin.  North  and  north- 
west of  the  Dolphin  are  Sagitta,  and  Vulpt- 
cula  et  Anser,  or  the  Fox  and  Goose ;  south 
of  Aquila  is  Capricornus,  and  south-east  of 
it,  Aquarius  ,•  but  these  last  are  more  dis- 
tinctly seen  in  the  month  of  September.  The 
Milky  Way  runs  along  with  considerable 
brightness  in  the  neighbourhood  of  Aquila, 
Vulpecula,  Delphinus,  and  Cygnus. 

Appearances  of  the  Sidereal  Heavens  on  the 
1st  of  September,  at  9  p.m. 

At  this  time  Altair  is  nearly  on  it.e  meri- 
dian at  an  altitude  of  46^°,  and  Vega,  or  a 
Lyrae,  is  about  16°  west  of  the  meridian,  in  a 
direction  north  by  west  from  Altah.  Ras 
Algethi  and  Ras  Alhague  are  west  from  Altair, 
nearly  midway  between  that  star  and  the 
south-western  point  of  the  horizon.  To  the 
north-west  of  Vega  is  the  head  of  Draco,  at 
the  distance  of  nearly  20°.  Arcturus  is  in  a 
position  west  by  north,  within  19°  of  the  ho- 
rizon. The  Northern  Crown  is  in  a  higher 
elevation  than  Arcturus,  nearly  due  west, 
rather  nearer  the  horizon  than  the  zenith.  Cor 
Caroli  appears  nearly  N.W.  by  W.  at  23°  of 
altitude ;  and  the  Great  Bear  in  a  north-west- 
erly direction,  and  at  a  lower  altitude  than 
formerly.  To  the  east  of  the  meridian,  Ca- 
pella is  seen  in  a  direction  nearly  N.N.E.,  at 
an  altitude  of  15°.  East  of  Capella,  at  a  little 
lower  elevation,  is  Menkalina,  or  ^  Aurigas,  a 
star  of  the  second  magnitude.  Cassiopeia 
appears  in  the  north-east,  about  midway  be- 
tween the  zenith  and  the  north-eastern  hori- 
zon. The  Square  of  Pegasus  is  in  a  direction 
east  b)'^  south,  and  is  in  a  much  higher  eleva- 
tion than  in  July.  The  Dolphin  is  a  few  de- 
grees east  of  the  meridian,  and  N.E.  of  Altair, 
at  an  altitude  of  above  50°.  Along  the  south- 
ern quarter  of  the  heavens  are  the  following 
constellations  :■ — Airies,  in  a  direction  east  by 
north ;  Pisces,  due  east,  and  next  to  Aries  on 
the  west;  Aquarius,  to  the  west  of  Pisces,  in 
a  direction  S.S.E.;  Capricornus,  west  from 
Aquarius,  nearly  in  the  south;  Sagittarius 
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and  So!)ieski's  Shield,  in  a  south-westerly  di-  perceived.     Caph  k  at  the  highest  altitnd«9 

rection,  and  Scorpio,  which   Hes  still  further  of  the  three,  and  its  distance   from  Alpheratz 

to    the  west.     Most  of  these    constellations,  is  about  double  the  distance   betv/een  Alphe- 

except  Aries  and  Pisces,  are  at  a  low  altitude,  ratz  and  Algeuib.     If  a  line  connecting  these 

.  /.  ,7     rr  ,7     ,    ,    />  AT  three  stars  be  produced  northward,  it  will  ter- 

Appearance  of  the  Heavens  on  the  1st  of  No-  _•     .    •    ..i.         i 

^^  ^       J         .  n  ^  mmate  m  the  pole. 

vemoer,  at  9  r.M.  ^ 

About  this  time  the  winter  constellations  ■ 

begin  again  to  make  their  appearance  in  our 
hemisphere.  The  centre  of  the  Square  of 
Pegasus  is  at  this  season  and  hour  nearly  on 
the  meridian  ;  the  stars  Scheat  and  Markab, 
of  which  Scheat  is  the  uppermost,  appear  on 
the  west  of  the  meridian,  and  Alpheratz, 
and  Algenib  on  the  east.  Turning  our  eyes 
to  the  western  part  of  the  heavens,  we  see  the 
SGuthern  Fish,  a  little  to  the  west  of  the 
south,  and  its  principal  star,  Fomalhaut,  seve- 
ral degrees  to  the  west  of  the  meridian,  at  a 
very  lov/  altitude.  To  the  west  is  Capricor- 
nus,  and  to  the  north-west,  Aquarius.  Aquila, 
with  its  principal  star  Altair,  is  in  a  direction 
west  by  south,  at  about  23°  above  the  horizon. 
Deneb  Cygni  is  at  a  very  high  elevation, 
about  30°  west  from  the  zenith,  and  a  Lyrse 
26°  north-west  of  it,  in  a  direction  W.N.W., 
at  a  much  lower  elevation.  North  by  west 
of  Lyra  are  the  two  stars  in  the  head  of 
Draco,  Etanin  and  Rastaben,  about  4°  apart. 
Ras  Algethi  and  Ras  Alhague  are  nearly  due 
west,  at  a  very  small  elevation  above  the  ho- 
rizon. The  centre  of  the  Great  Bear  is  nearly 
due  north,  and  at  its  lowest  elevation,  the  stars 
in  the  tail  being  to  the  west,  and  the  two 
pointers  a  little  to  the  east  of  the  northern 
part  of  the  meridian,  pointing  upwards.  Turn- 
ing' our  view  to  the  eastern  quarter  of  the  sky, 
we  behold  Aries  in  a  south-easterly  direction, 
next  to  Pegasus,  and  at  a  pretty  high  eleva- 
tion. South  by  east  of  the  first  star  in  Aries 
is  Menkar  in  the  head  of  the  Whale,  in  a  di- 
rection S.E.  by  E.,  about  26°  above  the  ho- 
rizon, North-v/est  of  the  first  star  in  Aries 
is  Mirach,  and  north  by  -east  Almaack,  at  a 
higher  elevation,  both  of  them  in  Andromeda. 
Near  the  north  quarter  is  Capella,  about  mid- 
way between  the  zenith  and  the  horizon.  The 
Pleiades  are  seen  nearly  due  east,  followed 
by  the  ruddy  star  Aldebaran,  at  a  lower  ele- 
vation. Below  Aldebaran,  and  to  the  south- 
east, the  head  and  shoulders  of  Orion  begin  to 
make  their  appearance,  Bellatrix  being  4°  or 
5°  above  the  horizon,  and  Betelguese  a 
little  lower.  Cassiopeia  is  near  the  zenith, 
a  little  to  the  east  of  the  meridian,  and 
Castor  and  Pollux,  in  Gemini,  are  in  a  direc- 
tion north-east,  just  a  little  above  the  horizon. 
At  this  time  the  equinoctial  colure  is  only  a 
few  degrees  to  the  east  of  the  meridian,  and 
the  three  stars  Caph  in  Cassiopeia,  and  Alphe- 
ratz  and  Algenib  in  Pegasus,  which  lie  in 
the  line  of  its  curve,  may  now  be  distinctly 
^04) 


The  above  brief  sketches  may  enable  the 
young  observer  to  trace  the  principal  stars  and 
constellations  by  a  few  observations  at  differ- 
ent seasons  of  the  year.  The  altitudes  here 
expressed  are  stated  in  reference  to  places 
about  52°  north  latitude  ;  but  by  making  cer- 
tain allowances  corresponding  to  the  latitude 
of  the  observer,  the  relative  positions  of  the 
stars  will  appear  nearly  the  sanje  as  here  re» 
presented,  particularly  if  the  difference  of 
latitude  does  not  much  exceed  10  degrees. 
It  should  be  carefully  remarked  that  the  bear" 
ings  of  one  star  from  another,  as  here  given, 
are  strictly  true  only  when  the  star  from 
which  the  bearings  are  given  is  on  w  ?iea?'  the 
meridian. — (See  note,  p.  88.) 

As  a  further  assistance  to  the  astronomical 
tyro  in  distinguishing  the  stars,  I  have  drawn 
up  the  following  list  of  stars,  chiefly  of  the 
first  and  second  magnitudes,  stating  the  periods 
of  the  year  when  they  come  to  the  meridian, 
or  due  south,  o.t  nijie  d' clock  in  the  evening. 

Caph  in  Cassiopeia,  and  Alpheratz  and 
Algen.ih,  in  Pegasus,  come  to  the  meridian  on 
the  lOth  of  November,  at  nine  o'clock  in  the 
evening.  Caph  is  near  the  zenith,  and  the 
other  two  at  a  considerably  lower  elevation. 
At  this  time,  Capella  appears  towards  the 
north-east;  the  Pleiades,  Aldebaran,  and 
Orion,  in  the  east;  Deneb  in  Cygnus,  in  the 
north-west;  Lyra,  west-north-west;  and  Al- 
tair, in  Aquila,  west  by  south. 

Arietis,  or  the  first  star  of  Aries,  comes  to 
the  meridian  on  the  5th  of  December.  The 
same  stars  noticed  in  the  preceding  instance 
are  still  visible,  but  those  on  the  east  of  the 
meridian  have  risen  to  a  higher  altitude,  and 
those  on  the  west  have  descended  to  a  lower 
elevation  than  on  Nov.  10.  Castor  and  Pol- 
lux are  at  this  time  seen  towards  the  north= 
east,  and  Procyon,  a  very  little  above  the 
eastern  point  of  the  horizon. 

Menkar,  in  the  head  of  the  Whale,  arrives 
at  the  meridian  on  the  2lst  of  December,  and  at 
the  same  time  the  variable  star  Algol,  in  Me- 
dusa's head,  which  is  37°  due  north  of  Men- 
kar. Altair  has  now  disappeared  from  the 
west,  and  Sirius  is  seen  at  a  small  elevation 
in  the  south-east. 

The  Pleiades  pass  the  meridian  on  ^he  Isl 
of  January,  and  Aldebaran  on  the  10th 
When  Aldebaran  is  due  south,  Capella  is 
north  by  east  of  it  near  the  zenith ;  Cor  Ca- 
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#oH,  at  a  low  altitude  near  the  north-east; 
Lyra,  near  the  horizon  N.  by  W. ;  Regulus, 
in  the  east;  and  the  head  of  Hydra,  east  by 
^uth. 

Bellatrix,  in  Orion,  passes  the  meridian  on 
the  2lst  of  January',  Nearly  at  the  same 
time  CapeJla  and  0  Aurigae  are  on  the  meri- 
dian. These  three  stars  are  nearly  equidis- 
tant in  a  line  running  north  and  south. 

Castor  and  Pollux  and  Frocyon.  These 
three  stars  pass  the  meridian  nearly  at  the 
same  time,  on  the  '%^th  of  February.  Pollux 
and  Procyon  culminate  nearly  at  the  same 
insi  ant,  and  Castor  about  1 1  minutes  before 
them,  at  which  time  Procyon  is  23^  south 
of  Pollux.  Orion  is  then  in  a  south-westerly 
direction;  Aldebaran,  midway  between  the 
meridian  and  the  western  horizon ;  Menkar, 
W.  by  S.,  at  a  small  elevation;  Sirius,  S. by 
W. ;  and  Capeila  to  the  west  of  the  zenith. 
On  the  east  of  the  meridian,  Regulus  is  S.  E. ; 
Denebola,  E. ;  Cor  Caroli,  E.N.  E. ;  imme- 
diately below  which,  near  the  horizon,  is  Arc- 
turns. 

Prsecepe^  in  Cancer,  a  small  cluster  of  stars, 
just  perceptible  to  the  naked  eye,  like  a  ne- 
bula, approaches  the  meridian  about  the  Sd 
of  March,  at  an  altitude  of  about  60°.  They 
are  N.  E.  of  Procyon,  and  S.  E.  of  Poiluxo 
(See  pp.  78-79.) 

Regulus,  in  Leo,  passes  the  meridian  on 
the  6th  of  April,  At  this  time,  Alphard,  in 
Hydra,  is  past  the  meridian  S.  by  E.  fi'om 
Regulus ;  Procj^on,  S.  W. ;  Sirius,  S.  W.  near 
the  horizon ;  Orion,  very  low  in  the  west ; 
Algenib,  in  Perseus,  Algol,  Capeila,  &c.,  to- 
wards the  N.  Wo  On  the  east,  Denebola  ap- 
pears E.  from  Regulus ;  Spica  Virginis,  S.  E. 
at  a  low  altitude ;  Cor  Caroli,  E.  at  a  high 
altitude;  Corona  Borealis,  E.  by  N. ;  and 
Lyra,  at  a  low  altitude  N.  E.  by  N.  The 
Great  Bear,  at  a  high  altitude,  approaching 
the  zenith,  and  Cassiopeia,  at  a  low  altitude 
towards  the  north. 

Dsnehola,  in  Leo,  culminates  on  the  3d  of 
May,  at  an  altitude  of  43°,  Regulus  is  25° 
west  of  it,  and  Phad,  in  the  square  of  the 
Great  Bear,  is  39°  N.  of  it.  It  forms  with 
these  two  a  large  right-angled  triangle,  the 
right  angle  being  at  Denebola.  It  is  nearly 
on  the  meridian  with  Phad.  Other  stars  then 
visible  are — Procyon.  W.  by  S. ;  Capeila, 
N.  W  ;  Arcturus,  E. ;  Spica  Virginis,  S.  S.  E. ; 
Lyra,  N.  E.,  &c. 

Coma  Berenices,  a  beautiful  cluster  of 
small  stars,  but  scarcely  distinguishable  by 
moonlight,  is  on  the  meridian  on  the  Idth  of 
May.     (See  p.  78.) 

Splca  Virginis  comes  to  the  meridian  on 

the  23fl?  of  May.     Stars  visible  on  th©  west — ■ 

Capeila,   Castor   and   Pollux,   and  Procyon, 

asear  the  western  point.     On  the  east — Lyra, 

89 


Arcturus,  Ras  Algethi,  Ras  Alhague.  and 
Altair,  near  the  eastern  horizon.  Near  ih« 
meridian  to  the  west — Cor  Caroli,  Aliotii  and 
Mizar,  in  Ursa  Major. 

Arcturus  is  on  the  meridian  on  the  ^d  of 
June.  The  principal  stars  in  Libra  culmi- 
nate at  a  lower  altitude  about  the  beginning 
of  July. 

Corona  Borealis  is  on  the  meridian  alnrnt 
the  1st  of  July.  Its  principal  star  is  eleveix 
degrees  east  of  e  Bootes. 

Antares,  in  Scorpio,  passes  the  meridian 
on  the  lOth  of  July,  at  a  very  low  altitude. 

Has  Algethi,  in  Ophiuchus,  and  Pas  Al- 
hague, in  Hercules,  5°  apart,  culminate  about 
the  28th  of  July,  nearly  at  the  same  time  m 
the  head  of  Draco. 

Vega,  or  a  Lyraa,  culminates  on  the  I3tk 
of  August.  To  the  west  of  it,  at  a  great 
distance,  is  Arcturus,  and  to  the  north-west, 
Cor  Garoh.  Capeila  is  N.  by  E.  at  a  low 
altitude;  Altair,  S. S.E.;  and  Deneb  Cygui, 
E.  at  a  high  altitude. 

Altair,  m  Aquila,  is  at  the  meridian  aoout 
the  dOth  of  August,  at  an  altitude  of  about 

Arided,  or  Deneb  Cygni,  is  on  the  meri- 
dian on  the  16th  of  September,  at  an  altitude 
of  82^°.  At  this  time,  Arcturus  is  W.  S.  W., 
near  the  horizon;  Lyra  and  Etanin,  in 
Draco,  west  from  the  meridian,  but  in  a  high 
elevation ;  Cor  Caroli,  N.  W.,  at  no  great 
elevation ;  Hercules,  S.  W.,  midway  between 
the  meridian  and  the  horizon ;  Altair,  a  little 
distance  west  of  the  S. ;  and  the  Dolphin  on 
the  meridian;  the  square  of  Pegasus  in  a 
south-eastern  direction,  Aries  in  the  east,  and 
Capeila  towards  the  north-east. 

All  the  stars  specified  above,  at  the  periods 
of  the  year  stated,  pass  the  meridian  (or  cul- 
minate) at  nine  o'clock  in  the  evening. 
Therefore,  if  at  any  one  of  the  periods  of  the 
year  here  specified,  or  a  few  days  before  or 
after  it,  an  observer,  at  nine  o'clock  p.m., 
observe  the  principal  star  or  stars  near  the 
meridian,  he  can  scarcely  be  at  a  loss  to  re- 
cognize them,  as  well  as  some  of  the  other 
principal  stars  and  constellations  on  the  east 
and  west  of  the  meridian,  which  are  also  spe- 
cified in  the  above  descriptions.  A  person 
can  never  become  familiar  with  the  more  pro- 
minent stars,  the  relative  position  of  the  dii- 
ferent  constellations,  and  the  general  aspect 
of  the  heavens,  without  actual  observations. 
Even  the  delineations  on  the  celestial  globe 
will  not  convey  an  accurate  and  impressive 
conception  of  the  scenery  of  the  heavens,  un- 
less the  study  of  these  delineations  be  accom- 
panied with  frequent  surveys  of  the  heavens 
themselves.  It  is  hoped  the  preceding  de- 
scriptions will  afford  some  assistance  to  th<»e 
young  observers  and  others  who  wish  to  cosa* 
(705) 
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template  the  sublime  objects  of  creation  with 
their  own  eyes. 

N.B.  In  the  above  and  the  following  de- 
scriptions of  celestial  phenomena,  altitude 
signifies  the  height  of  the  star  or  planet  above 
the  horizon;  S. S. E.,  south-south-east;  N.  by 
E.,  north  by  east,  &c.  Degrees  are  marked 
thus  °,  minutes  ',  seconds  " :  thus,  54^  27' 
35'^,  expresses  fifty-four  degrees,  twenty- 
0even  minutes  of  a  degree,  and  thirty-five 
seconds.  Every  degree  contains  60  minutes, 
every  minute  60  seconds,  &c.  When  a  hea- 
venly body  is  said  to  culminate,  the  meaning 
is,  that  it  has  arrived  at  the  highest  point  of 
its  course,  or  its  passage  over  the  meridian. 
The  term  is  derived  fi'om  the  Latin  word 
culmen,  the  top  or  summit.  An  occultation 
signifies  the  obscuration  of  a  star  or  planet 
by  the  interposition  of  the  moon,  or  of  another 
planet.  Conjunction  is  when  two  or  more 
stars  or  planets  are  in  the  same  part  of  the 
heavens ;  and  opposition,  when  they  are  180° 
asunder,  or  in  opposite  parts  of  the  heavens. 


PHENOMENA   OF  THE  PLANETS 
FOR  THE  YEARS  1840  &  1841. 

I.  POSITIONS  ETC.  OF  THE  PLANETS  FOR  1840. 

1.  The  Planet  Mercury. 

This  planet  can  be  distinctly  seen  by  the 
naked  eye  only  about  the  time  of  its  greatest 
elongation ;  and.  to  those  who  reside  in  high 
northern  latitudes  it  will  scarcely  be  visible 
even  at  such  periods,  if  it  be  near  the  utmost 
point  of  its.  southern  declination. 

The  following  are  the  periods  of  its  great- 
est elongation  for  1840  :  On  the  8th  of  Janu- 
ary, it  is  at  its  western  elongation,  when  it  is 
23°  19'  west  of  the  sun,  and  will  be  seen  in 
the  morning  near  the  south-eastern  part  of 
the  horizon;  but  as  it  is  then  21°  45'  in 
southern  declination,  and  this  declination, 
every  day  on  the  increase,  its  position  at  that 
time  will  not  be  favourable  for  observation, 
its  next  greatest  elongation  is  on  the  20th  of 
March,  when  it  will  be  18^  degrees  east  of 
the  sun,  and  be  seen  in  the  evening  soon 
after  sunset.  This  will  form  one  of  the  most 
fa%'ourable  opportunities  of  perceiving  this 
planet  by  the  naked  eye,  or  by  means  of  a 
small  opera-glass.  Its  declination  being  above 
nine  degrees  north,  and  on  the  increase,  it 
will  be  distinctly  seen  for  about  ten  days — 
namely,  from  the  16th  to  the  26th  of  March, 
a  little  to  the  north  of  the  western  point  of 
the  horizon,  not  far  from  the  point  at  which 
tb@  sun  sets  at  that  period.     On  the  dth  of 
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May,  it  will  again  reach  its  greatest  western 
elongation,  when  it  will  be  seen  in  the  morn- 
ing before  sunrise.  Its  declination  is  then 
4;^  degrees  north,  and  western  elongation 
from  the  sun,  26°  18'.  At  this  period,  about 
four  o'clock  in  the  morning,  it  may  be  seen 
for  more  than  three  weeks, — namely,  from 
about  the  20th  of  April  to  the  25th  of  May. 
Its  direction  will  be  nearly  due  east.  This 
would  form  the  most  favourable  opportunity 
of  viewing  this  planet,  were  it  not  that  the 
strong  twilight  at  this  season  has  a  tendency 
to  overpower  its  light. 

In  the  month  of  July,  if  the  long  twilight 
do  not  prevent,  there  will  be  another  favour- 
able opportunity  of  inspecting  this  planet. 
During  the  whole  of  this  month,  Mercury 
will  be  at  a  considerable  distance  from  the 
sun ;  but  the  best  time  for  observation  will 
be  from  the  middle  till  the  end  of  the  month, 
as  the  twilight  will  then  be  less  intense.  It 
arrives  at  the  point  of  its  greatest  eastern 
elongation  on  the  18th,  when  it  is  nearly  27° 
from  the  sun,  and  will  be  seen  in  the  evening 
a  little  to  the  north  of  the  western  point  of 
the  compass,  about  forty  minutes  after  sunsety  ' 
or  nearly  nine  o'clock  p.m.  Its  next  greatest 
western  elongation  will  be  on  the  1st  of  Sep- 
tember, when  it  is  18°  5'  west  of  the  sun. 
At  this  period,  it  may  be  seen  in  the  morning 
before  five  o'clock,  in  a  direction  nearly  east 
by  north,  from  the  27th  of  August  to  the  5th 
of  September.  On  the  12th  of  November,  it 
is  at  its  next  eastern  elongation,  when  it  will 
be  seen  after  sunset  near  the  south-western 
point  of  the  horizon ;  but  as  its  southern  de« 
clination  is  at  this  time  about  25  degrees,  it 
will  descend  below  the  horizon  nearly  at  the 
same  time  with  the  sun.  The  next  elonga- 
tion is  on  the  21st  of  December,  when  it  is 
21°  50'  west  of  the  sun,  and  will  be  seen  in 
the  morning  between  seven  and  eight,  near 
the  south-east  quarter  of  the  horizon. 

The  periods  most  favourable  for  detecting 
this  planet  in  the  evenings  are,  March  20th 
and  July  18th ;  and  in  the  mornings,  May 
5th  and  September  1st.  During  the  interval 
of  a  week  or  ten  days,  both  before  and  after 
the  time  of  its  greatest  elongation,  and  some- 
times for  three  or  four  weeks  in  succession, 
when  in  high  north  declination,  this  planet 
may  generally  be  seen  in  a  clear  sky  when 
in  such  favourable  positions  as  those  now 
stated.  In  those  regions  of  the  globe  which 
lie  south  of  the  equator,  the  planet  will  be  m 
the  most  favourable  position  for  observation 
when  in  south  declination. 

2.  The  Planet  Venus. 

This  planet,  like  Mercury,  is  seen  alter- 
nately, in  the  evening  towards  the  western 
quarter  of  the  heavens,  and  in  the  morning 
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towards  the  eastern  quarter.  In  its  Instre  it  at  fourteen  minutes  past  eight  in  the  morning, 
exceeds  all  the  other  stars  and  planets,  and  at  an  altitude  of  about  46° ;  and  on  the  1^ 
its  brilliancy  is  such  that  it  can  scarcely  be  of  December,  it  transits  the  meridian  at  nine- 
mistaken  by  any  observer  when  its  position  teen  minutes  past  seven  in  the  morning,  at 
in  the  heavens  is  pointed  out.  an  altitude  of  39 f°.  At  this  time  (Ist'of 
Venus  will  be  seen  only  in  the  morning  December,)  it  rises  nearly  due  east  about  one 
from  the  beginning  of  the  year  till  the  end  of  in  the  morning  and  wiH  be  pretty  distinguish- 
July.  During  the  months  of  January,  Feb-  able  on  account  of  its  ruddy  aspect  about  an 
ruary,  and  March,  it  will  be  seen  before  sun-  hour  before  sunrise. 


Vie  Planets  Vesta,  Juno,  Ceresy  and 
Pallas, 

These  planets  are  not  perceptible  by  the 


rise,  chiefly  in  th*^  south-eastern  quarter  of 
the  heavens.  Throughout  April,  May,  June, 
and  July,  it  will  be  seen  in  the  eastern  and 
north-eastern  paxts  of  the  heavens.     During 

the  whole  of  this  period,  it  will  appear,  when  naked  eye.  The  best  time  for  observing  them 
viewed  with  a  telescope,  either  as  a  half-  with  telescopes  is  when  they  are  at  or  near 
moon  or  with  a  gibbous  phase.  Its  superior  the  period  of  opposition  to  the  sun,  when  they 
conjunction  with  the  sun  happens  on  the  are  nearest  the  earth.  Even  then  it  will  be 
morning  of  the  25th  of  July,  after  which  it  sometimes  diMcult  to  detect  them  without 
becomes  an  evening  star;  but  it  will  not  be  the  assistanci  of  transit  or  equatorial  in- 
much  noticed  by  common  observers  till  about    struments. 

tlie  beginning  or  middle  of  September,  on  Vesta  will  be  in  opposition  on  the  1 8th  of 
account  of  its  proximity  to  the  sun.  From  May,  when  it  will  pass  the  meridian  at  mid- 
this  period  it  will  continue  to  be  seen  in  the  night,  at  an  elevatio**  above  the  horizon  of 
evening  chiefly  in  the  south-western  part  of  27°  34^'.  Its  right  ascension  is  then  15^  5 V 
the  sky,  at  a  low  elevation,  till  the  end  of  the  65^'',  and  its  declination,  10°  25^'  south, 
year.  On  the  whole,  this  planet  will  not  be  This  planet  will  be  in  conjunction  with  the 
very  conspicuous  during  1840,  either  to  the  star  |  Librae  on  the  1st  of  March,  at  twenty- 
eye  of  a  common  observer  or  for  telescopic  seven  minutes  past  five  in  the  morning,  the 
observation.  From  the  beginning  of  Septem-  star  being  55'  north  of  Vesta ;  it  will  likewise 
ber  to  the  end  of  December,  it  will  exhibit  a  be  in  conjunction  with  the  same  star  on  the 
gibbous  phase,  like  the  moon  about  three  or  15th  of  May,  at  noon,  when  the  star  will  be 
four  days  before  the  full.  29'  south  of  the  planet.     On  the   19th  of 

Venus  will  be  in  conjunction  with  Saturn  July,  at  six  in  the  morning,  it  will  be  in  con- 
on  the  22d  of  January,  at  2^  8'  p.m.,  when  junction  with  y^  Librae,  when  the  star  will 
it  will  be  57'  north  of  Saturn.  It  will  be  in  be  only  one  minute  south  of  the  planet,  so 
conjunction  with  Mars  on  the  16th  of  June,  that  they  will  both  appear  in  the  same  field 
at  sixteen  minutes  past  three  in  the  morning,  of  the  telescope.  On  the  26th  of  August,  at 
when  Mars  will  be  46'  north  of  Venus;  and  nineteen  minutes  past  eight  a.m.,  it  will  be 
it  will  be  in  conjunction  with  Jupiter  on  the  in  conjunction  with  v  Scorpio,  when  the  star 
22d  of  October,  at  8h  34'  p.m.,  when  it  will  will  be  only  1 1'  south  of  Vesta.  On  Sep- 
be  1°  6'  south  of  that  planet.  tember  3d,  at  eight  in  the  evening,  it  will  be 

Q    rj..     p ,       .  jt^  m  conjunction  with  1  Ophiuchi,  the  star  1 1' 

3.  The  Planet  Mars.  ^^^,^  '^^  ^^^  ^^^^^^^^  J^  ^^^  2d  of  October, 

This  planet  will  not  be  very  conspicuous  at  half-past  one  in  the  morning,  it  is  in  con- 

during  this  year  on  account  of  its  great  dis-  junction  with  Saturn,  being   1°  2'  south  of 

tance  from  the  earth,  and  its  proximity  to  that  that  planet;  and  on  the  6th  of  December,  at 

part  of  the  heavens  in  which  the  sun  appears,  ten  minutes  past  one  in  the  morning,  it  is  in 

It  is  in  conjunction  with  the  sun  on  the  4th  conjunction  with  Venus,  Vesta  being  only 

of  May,  after  which  it  will  be  a  considerable  1 1'  north  of  Venus. 

time  before  it  become  conspicuous  to  the  un-  Pallas  will  be  m  opposition  to  the  sun  on 

assisted   eye.     Throughout   the   months   of  the  5th  of  July,  at  thirty  minutes  past  nine 

August  and  September,  and  the  latter  part  of  in  the  evening.     Right  ascension.   IS'^  44' 

July,  it  will  be  seen  early  in  the  morning,  be-  52" ;  north  declination,  22°  1 1'  37''.     It  will 

fore  sunrise,  near  the  north-eastern  quarter  of  pass  the  meridian  about  midnight,  at  an  alti- 

the  heavens.     From  September  till  the  end  tude  of  about  60°  11^'. 

of  the  year,  it  will  appear  somewhat  more  Ceres  will   be  in  opposition  July  17th,  at 

conspicuous,  but  not  exceeding  in  apparent  six  in  the  morning.     Right  ascension,  19° 

size  a  star  of  the  third  magnitude.     On  the  54';  south  decHnation,  30°  8'.     It  will  pass 

let  of  October  it  comes  to  the  meridian  at  six  the  meridian  at  an  elevation  somewhat  lesa 

minutes  past  nine  in  the  morning,  at  an  alti-  than  8°. 

tude  of  62|°  above  the  southern  horizon.  On  Juno  will  not  be  in  opposition  to  the  sun 

the  1st  of  November,  it  passes  the  meridian  during  1840. 
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That  the  best  time  for  observing  these 
i>/^dies  is  at  the  period  of  their  opposition  will 
appear  from  the  following  consideration : — 
that  they  are  bifetween  two  and  three  times 
nearer  the  earth  at  the  time  of  opposition 
than  when  near  the  period  of  their  conjunc- 
tion with  the  sun ;  for  example,  Vesta  is  225 
millions  of  miles  distant  from  the  sun,  and 
consequently  only  130  millions  distant  from 
the  earth  at  the  time  of  opposition  ;  but  at  the 
conjunction,  its  is  the  whole  diameter  of  the 
earth's  orbit  ='  190  millions  of  miles,  further 
distant, — that  is  320  millions  of  miles,  wdiich 
IS  a  distance  about  two  and  a  half  times  greater 
than  when  it  is  in  opposition, 

5.   The  Planet  Jupiter, 

During  the  months  of  January,  February, 
March,  and  April,  this  planet  will  be  seen 
chiefly  jn  the  morning.  About  the  beginning 
oi^  February,  it  will  rise  in  a  direction  south- 
cast  by  east,  about  half-past  one  in  the  morn- 
ing, and  will  come  to  the  meridian,  at  a 
quarter  past  six  in  the  morning,  at  an  eleva- 
tion of  about  22°  above  the  southern  horizon. 
On  the  1st  of  March,  it  will  rise  about  eight 
minutes  before  midnight,  and  pass  the  meridian 
about  half-past  four  in  the  morning.  On  the 
1st  of  April,  it  will  rise  at  forty-three  minutes 
past  nine  in  the  evening,  and  pass  the  meridian 
at  a  quarter  past  two  in  the  morning.  It 
will  be  in  opposition  to  the  sun,  and  conse- 
quently nearest  the  earth,  on  the  4  th  of  May, 
when  it  will  rise  between  seven  and  eight  in 
the  evening.  From  this  period  till  the  middle 
of  Novem.ber,  when  it  is  nearly  in  conjunction 
with  the  sun,  it  will  be  visible  as  an  evening 
star,  when  it  will  be  seen  at  different  periods, 
chiefly  in  the  south-eastern,  the  southern,  and 
south-western  parts  of  the  heavens,  at  a  com- 
paratively low  altitude;  but  it  will  not  be 
much  noticed  by  the  naked  eye  after  the  end 
of  Septeznber  on  account  of  its  southern  decli- 
nation, which,  for  a  considerable  time,  will 
be  gradually  increasing.  Towards  the  end 
of  December  it  will  again  be  seen  in  the 
morning  near  the  south-eastern  quarter  of  the 
horizon.  The  best  time  for  telescopic  ob- 
servations on  this  planet  will  be  from  the 
iieginning  of  April  till  the  beginning  of 
September. 

Ju  piter  will  be  in  conjunction  with  the  star 
a^  Librae  on  the  15th  of  May,  at  for*y -three 
miiiutes  past  three  in  the  morning,  when  the 
star  will  appear  one  degree  south  of  Jupiter ; 
and  on  the  27th  of  August,  at  a  quarter  past 
iwo  in  the  morning,  it  will  be  in  conjunction 
with  the  same  star,  when  it  will  be  34'  be- 
low Jupiter.  On  the  21st  of  November,  at 
4*^  84'  P.M.,  it  is  in  conjunction  with  the  sun. 
On  March  5th,  at  three  in  the  morning,  all 
«ie  sateUites  of  Jupiter  will  be  on  the  east  of 
(70S) 


that  planet,  when  viewed  with  a  telescope 
having  an  erect  eye-piece,  and  in  the  ordtf 
of  their  distances  from  Jupiter.  The  same 
phenomenon  will  happen  on  the  8th  of  June, 
at  thirty  minutes  past  eleven  in  the  evennig ; 
on  the  1st  of  August,  at  half-past  eight  in 
the  evening ;  on  the  27th  of  August,  at  the 
same  hour,  but  on  the  west  of  Jupiter ;  on  the 
20th  of  September,  at  seven  p.m.,  on  the  east 
of  Jupiter ;  and  on  the  1 6th  of  October,  at  six 
P.M.,  on  the  west  of  Jupiter. 

This  planet  can  scarcely  be  mistaken,  even 
by  a  common  observer,  when  the  quarter  of 
the  heavens  in  which  it  is  visible  is  known^ 
as  it  is  next  to  Venus  in  apparent  magnitude 
and  splendour.  It  will  appear  most  brilliant 
about  the  end  of  April  and  the  beginning  of 
May. 

6.  The  Planet  Saturn. 

This  planet  was  in  conjunction  with  the 
sun  on  the  6th  of  December,  1839  ;  and  there- 
fore iv  will  hot  be  before  the  month  of  Febru- 
ary this  year  that  it  will  be  in  a  favourable 
position  for  telescopic  observation.  During 
tlie  months  of  February,  March,  and  April,  it 
will  be  seen  only  in  the  morning  before  sun- 
rise, in  the  south-eastern  quarter  of  the  hea- 
vens, at  a  comparatively  low  altitude.  On 
the  1st  of  February,  it  rises  at  half-past  four 
in  the  morning,  and  comes  to  the  meridian 
about  half-past  eight,  at  an  elevation  of  about 
16^°.  On  the  1st  oi  March,  it  rises  at  forty 
minutes  past  two  in  the  morning;  on  the  Is^ 
of  April,  at  forty-two  minutes  past  twelve,, 
midnight ;  and  on  the  first  of  May,  it  rises  at 
forty  minutes  past  ten  in  the  evening.  It  ig 
in  opposition  to  the  sun  on  the  8th  of  June ; 
after  which  it  will  be  seen  in  the  evenings 
During  the  greater  part  of  the  month  of  May^ 
it  will  likewise  be  seen  between  ten  in  th€^ 
evening  and  midnight,  but  at  a  low  altitude. 
It  will  continue  to  be  visible  till  the  month  of 
December,  but  it  will  be  difficult  to  distinguish 
it  after  the  month  of  October,  on  accouijt  of 
its  low  altitude  and  its  proximity  to  the  sun. 
It  arrives  at  the  point  of  its  conjunction  with 
the  sun  on  the  1 5th  of  December.  The  most 
favourable  times  and  positions  for  taking 
telescopic  views  of  this  planet  will  be  during 
the  months  of  May,  June,  July,  August,  and 
September,  especially  when  it  is  on  oi  near 
the  meridian.  During  the  latter  part  of 
August  and  the  months  of  October  and  No- 
vember, about  an  hour  after  sunset,  it  will  be 
seen  towards  the  south-western  quarter  of  the 
heavens,  at  a  comparatively  small  elevation 
above  the  horizon. 

This  planet  is  not  distinguished  for  its 
brilliancy  to  the  naked  eye  ;  but  it  exhibits 
a  most  striking  and  beautiful  appearance 
through  a  good  telescope ;  more  so  than  any 
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ether  pLmet  of  oar  system.  It  appears  of  a 
dull  leaden  colour  when  viewed  by  the  naked 
eye,  and  is  not  easily  distinguished  from  a 
lixed  star  except  by  the  steadiness  of  its  light, 
never  presenting  a  tivinkling  appearance  as 
the  stars  do ;  and  from  which  circumstance  it 
may  be  distinguished  from  neighbouring  stars. 
It  will  be  in  conjunction  with  the  star  Rho 
Ophiuchi  on  the  5th  of  June,  at  51  minutes 
past  8  P..M.,  when  i\\<c  ''tar  will  be  about  half 
A  degree  nortli  of  the  planet.  It  will  like- 
wise be  in  conjunction  v/ith  the  same  star  on 
die  27th  of  October,  at  ^^  36'  p.m.,  when 
\he  star  YnW  be  fifty-four  minutes  of  a  degree 
Borth  of  the  planet.  During  this  year  the 
rings  of  Saturn  will  appear  to  the  greatest 
advantage,  the  openings  of  these  rings  being 
then  at  their  utmost  extent.  In  the  begin- 
ning of  Octo])er,  the  proportion  of  the  longer 
axis  to  the  transverse  axis  of  the  rings  is 
nearly  as  35  to  16. 

7.   The  Planet  Uranus. 

This  planet  is  for  the  most  part  invisible 
to  the  naked  eye.  The  best  time  for  detect- 
ing it  by  means  of  a  telescope  is  when  it  is 
at  or  near  the  period  of  its  opposition  to  the 
Kun,  whicii  happens  this  year  on  the  morn- 
mg  of  the  11th  of  September.  At  that  time 
it  passes  the  meridian  about  midnight,  at  an 
elevation  of  about  32|^  above  the  horizon. 
On  the  Lst  of  August,  it  passes  the  meridian 
at  forty  minutes  past  two  in  the  morning ;  on 
the  1st  of  October,  at  thirty -two  minutes  past 
Icn  in  the  evening;  on  the  1st  of  November, 
at  twenty-seven  minutes  past  eight ;  and  on 
the  ist  of  December,  at  twenty-eight  minutes 
past  six,  in  the  evening.  Its  right  ascension, 
or  distance  from  the  first  point  of  Aries  at  its 
opposition,  September  11,  is  23'^  18' ;  and  its 
south  declination, '5°  20^  26'',  It  rises  during 
the  year  at  points  a  little  to  the  southward  of 
the  eastern  point  of  the  compass.  It  is  in 
conjunction  with  the  moon  on  the  9th  of 
January,  at  2^  17'  p.m.,  when  it  is  1°  27' 
fiouth  of  lh(5  moon.  It  is  in  conjunction  with 
Mars  on  tlie  i6th  of  February,  at  11^  33' 
P.M.,  when  Uranus  is  only  nine  minutes  of 
a  degree  to  the  north  of  Mars ;  so  that  the 
two  planets  would  be  seen  at  the  same  time 
in  the  field  of  the  telescope,  were  not  both 
these  bodies  rather  too  near  the  sun  at  that 
time  for  distinct  observation.  It  is  in  con- 
junction with  the  sun  on  the  6  th  of  March, 
and  with  the  moon  on  the  31st,  when  it  is 
2'"'  1'  south  of  the  moon.  It  is  in  conjunction 
\^'ith  Venus  on  the  6th  of  April,  at  seven  in 
the  morning,  when  it  is  40'  north  of  Venus. 
On  the  25  th  of  May,  at  forty -five  minutes 
past  nine  in  the  evening,  it  is  in  conjunction 
with  i\iQ  moon,  w^hon  it  is  2°  39'  south  of 
that  hmiinary.     On   the  15th  of  August,  at 


3'  15'  P.M.,  it  is  again  in  conjunctin.  with 
the  moon,  when  it  is  3°  9'  south  of  that 
luminary.  On  the  Uth  of  September,  at 
8'>  42'  P.M. ;  and  on  the  9th  of  October,  at 
four  in  the  morning,  it  is  in  conjunction  with 
the  moon,  and  in  both  cases  it  is  then  about 
3°  south  of  the  moon. 

N.B.  In  the  preceding  statements,  the  ob- 
server is  supposed  to  be  in  52'^  north  latitude. 
In  places  a  lew  degrees  to  the  north  or  south 
of  this  latitude,  a  certain  allowance  m\ist  ba 
made  for  the  times  of  rising  and  the  allitudes 
which  are  here  specified.  To  those  who  re- 
side in  lower  latitudes  than  62°  the  altitudes 
of  the  different  bodies  will  be  higher,  and  to 
those  in  higher  latitudes  the  altitudes  will  be 
lower  than  those  which  are  here  specified. 
For  example ;  when  it  is  stated  that  Saturn 
comes  to  the  meridian  at  an  altitude  of  16^°, 
this  planet  will  pass  the  meridian  of  a  place 
in  42°  N.  latitude,  at  an  altitude  of  m^, 
and  the  meridian  of  a  place  in  62°  N.  latitude, 
at  an  altitude  of  only  6^°.  There  being  10° 
of  diilerence  in  the  latitude  of  the  supposed 
places,  the  altitude  of  the  heavenly  body  will 
be  10°  higher  in  the  one  case,  and  10°  lower 
in  the  other. 


11.    POSITIONS  OF  THE  PLANETS 
FOR  1841. 

L  Mercury. 

This  planet  is  at  its  superior  conjunction 
with  the  sun  on  the  5th  of  February,  and  at 
its  greatest  elongation  on  the  4th  of  March, 
when  it  is  18°  8'  east  of  that  luminary;  it 
will  therefore  appear  as  an  evening  star,  in  a 
direction  nearly  due  west,  a  little  above  the 
horizon,  after  sunset,  between  six  and  seven 
in  the  evening.  It  arrives  at  its  inferior  con- 
junction with  the  sun  on  the  20th  March. 
Its  next  greatest  western  elongation  happens 
on  the  17th  of  April,  when  it  is  27°  21' west 
of  that  luminary.  The  planet  will  be  seen 
about  ten  or  twelve  days  before  and  after  this 
time  in  an  easterly  direction,  between  throo 
and  four  in  the  morning.  Its  next  superior 
conjunction  is  on  the  26th  of  May ;  and  its 
next  greatest  eastern  elongation,  on  the  30th 
of  June,  when  it  is  25°  49'  east  of  the  sun, 
and  consequently  will  be  visible  in  the  even- 
ing, in  a  north-westerly  direction,  after  sun- 
set. This  would  form  one  of  the  most  favour- 
able opportunities  of  seeing  this  planet,  as  it 
is  then  in  a  high  north  declination,  were  it 
not  that  the  strong  twilight  at  this  season 
prevents  small  objects  in  tlie  heavens  from 
being  easily  distinguished.     Its  next   arcatc?«t 
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elongatioi  is  on  August  15th,  when  it  is  18° 
37'  west  cf  the  sun,  when  it  will  be  seen  in 
a  north-easterly  direction,  about  four  in  the 
morning.  It  is  again  at  its  greatest  eastern 
elongation  on  the  25th  of  October,  when  it  is 
nearly  24°  east  of  the  sun.  It  will  be  near 
the  south-western  part  of  the  sky  about  sun- 
set ;  but  its  great  southern  declination  at  that 
period  will  prevent  it  from  being  easily 
distinguishable.  On  the  3d  of  December,  it 
will  reach  the  point  of  its  greatest  western 
elongation,  when  it  is  20^°  west  of  the  sun, 
when  it  may  be  seen  for  a  week  before  and 
after  this  time,  about  seven  in  the  morning, 
in  a  direction  a  little  to  the  north  of  the  south- 
east point  of  the  compass,  at  low  altitude. 

2.  Venus. 

Venus  will  this  year  exhibit  a  more  frequent 
and  brilliant  appearance  to  common  observers 
than  in  1840.  It  will  be  an  evening  star,  first 
in  the  south-western,  next  in  the  western,  and 
afterwards  in  the  north-western  quarter  of  the 
heavens,  during  the  months  of  January,  Feb- 
ruarj',  March,  April,  and  the  beginning  of  May. 
During  the  greater  part  of  January,  it  will 
appear  nearly  in  a  south-westerly  direction, 
and  W.  S.  W.  Throughout  February,  it  will 
appear  nearly  west,  and  west  by  north. 
Throughout  March,  April,  and  the  beginning 
of  May,  it  will  be  seen  in  a  north-westerly  di- 
rection, will  be  visible  in  a  pretty  high  eleva- 
tion above  the  western  horizon,  and  will  con- 


tinue for  the  most  part  nearly  three  home 
above  the  horizon  after  sunset.  Its  greatest 
brilliancy  is  about  the  8th  of  April,  when  it 
appears  in  a  crescent  form.  When  viewed 
by  the  telescope  in  January,  it  will  present  a 
gibbous  phase,  like  the  moon  four  or  five  days 
before  or  after  the  full.  In  February  and 
March,  it  will  be  in  the  form  of  a  half-moon,- 
in  April  and  the  beginning  of  May,  it  will 
assume  the  figure  of  a  crescent ;  this  crescent 
will  appear  more  and  more  slender,  but  more 
expansive,  till  within  a  few  days  of  its  inferior 
conjunction  with  the  sun,  which  takes  place 
on  the  15th  of  May,  about  one  in  the  morn- 
ing. After  this  period,  this  planet  will  be 
seen  by  the  naked  eye  only  in  the  morning 
before  sunrise,  in  an  easterly  and  north-east- 
erly direction,  till  the  end  of  the  year ;  but 
with  an  equatorial  telescope  it  maybe  dis- 
tinctly seen  every  clear  day,  even  at  noon, 
during  its  whole  course  from  one  conjunction 
to  another,  with  the  exception  of  only  two  or 
three  weeks  in  the  course  of  nineteen  months. 
Its  greatest  brilliancy,  after  passing  its  inferior 
conjunction,  is  about  the  twentieth  of  June  ; 
previous  to  which  it  will  appear  as  a  crescent, 
and  will  afterwards  gradually  assume  a  half- 
moon  and  a  gibbous  phase. 

Venus,  in  its  course  throughout  this  year, 
will  pass  very  near  some  of  the  other  planets 
and  some  of  the  fixed  stars.  The  following 
table  exhibits  the  times  and  circumstances  of 
those  conjunctions  in  which^  Venus  makes  the 
nearest  approach  to  some  of  these  bodies : 


Time  of  conjunction. 


Star  in  conjunction.        Relative  position. 


L 

Jan. 

12 

2. 

„- 

25 

3. 

Feb. 

18 

4. 

March 

22 

5. 
6. 

April 

7 
23 

7. 
8. 

July 

12 
12 

9. 

- 

13 

10. 

__ 

24 

11^ 

__ 

31 

12. 
13. 

August 

4 
6 

14. 

— „ 

12 

15. 



19 

16. 
17. 

Sept. 

10 

12 

18. 

— 

28 

19. 

Oct. 

3 

20. 

__ 

10 

21. 

— 

13 

22. 

— 

26 

11  11  A.M. 
1  25  A.M. 
7  46  A.M. 

0  11  A.M. 
6  56  AM. 

6  31  P.M. 

7  43  A.M. 
3  52  P.M. 

1  4  A.M. 
3  40  A.M. 

11  15  A.M. 
9  25  A.M. 

1  26  P.M. 
3  53  A.M. 
7  12  P.M. 

2  45  A.M. 
7  50  A.M. 
0  13  A.M. 
7  35  A.M. 
9  2  A.M. 
9  56  P.M. 
9  42  P.M. 


<r  Aquari  .  .  . 
Uranus     .  .  . 
8  Piscium .  .  . 
g  Arietis  .  .  . 
ePleiadum  .  . 
The  Moon     . 
S^Tauri  ;  .  . 
a^Tauri  .  .  . 
5'Tauri  .  .  . 
wTauri   .  .  . 
f  Tauri    .  .  . 
Z^  Orionis    .  . 
;t:^Orionis   .  , 
p  Geminorum 
^Geminorum 
h  Cancri  .  .  . 
The  Moon    . 
ttLeonis  .  .  . 
5  Leonis  .  .  . 
^Leonis    .  . 
a  Leonis    ,  , 
»yVirginis  .  . 


*  0°15'N. 
Ura.  0  4  JV. 

*  0  3  N. 

*  0  8  N. 

*  0  51  a 
Ven.  0  59  N. 

*  0  11  S. 

*  0  20  S. 

*  0  6N. 

*  0  46  S. 

*  0  57  IV. 

*  0  14  S. 

*  0 

*  0 
»  0 
»     0 

0 
0 


Ven. 


30  S. 
35  S. 

4  S. 
38  N. 
21      . 

5  S. 
0  43  S. 
0  15  N. 
0  29  N. 
0  14  S. 


In  the  above  table,  the  first  column  states    with  Venus  ;  the  second  column  contains!  the 
Iho  time  of  conjunction  of  the  star  or  planet    same  star  or  planet ;  and  the  third,  the  d*- 
C710) 
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tance  and  position  of  the  star  or  planet  from 
Venus.  N.  denotes  that  the  star  is  north  of 
Venus ;  and  S.,  that  it  is  south.  A.M.  de- 
notes oefore  twelve  at  noon;  and  p.m.,  after- 
noon. In  those  conjunctions  marked  Nos.  I, 
2,  3,  %  8,  9,  13,  15,  17,  18,  20,  22,  the  star 
and  the  planet  will  be  seen  in  the  same  field 
of  view  of  the  telescope ;  and  although  the 
observation  should  require  to  be  made  in  the 
daytime,  the  star  may  probably  be  distinguished 
if  the  telescope  have  a  great  magnifying 
power.  The  conjunction  of  Venus  with  Ura- 
nus on  the  25th  of  January,  at  twenty-five 
minutes  past  one  in  the  morning,  will  afford 
an  opportunity  to  amateur  observers  of  ob- 
serving this  latter  planet,  which  is  invisible  to 
the  naked  eye.  Although  both  these  bodies 
will  be  net  to  the  inhabitants  of  Britain  before 
the  conjunction  take  place,  yet  they  will  be 
both  seen  in  the  same  field  of  the  telescope 
between  six  and  eight  o'clock  on  the  preced- 
ing evening,  and  they  will  not  be  far  distant 
on  the  evening  immediately  succeeding  the 
conjunction.  At  New  York,  Philadelphia, 
Boston,  and  other  parts  of  the  United  States, 
these  planets  will  be  seen  about  an  hour  or 
an  hour  and  a  half  before  the  time  of  conjunc- 
tion, Uranus  appearing  very  near  Venus,  and 
uppermost,  when  viewed  with  a  telescope 
having  an  erect  eye-piece. 

N.  B.  All  the  above  and  the  preceding  and 
following  statements  are  calculated  for  the 
meridian  of  Greenwich,  and  are  expressed, 
not  in  astronomical,  but  in  cinil  time. 

3.  Mars. 
During  this  year  this  planet  will  make  a 
conspicuous  appearance,  and  be  seen  in  its 
brightest  lustre ;  but  its  declination  being 
south  throughout  the  year,  it  will  not  rise  to 
so  high  an  altitude,  nor  remain  so  long  above 
the  horizon,  as  in  some  former  years.  During 
the  months  of  January,  February,  and  March, 
it  will  be  seen  only  or  chiefly  in  the  morning, 
in  a  south-easterly  direction.  In  the  beginning 
of  January,  it  will  appear  nearly  in  a  direction 
east  by  south,  soon  after  the  time  of  its  rising. 
On  February  the  first,  it  comes  to  the  meridian 
about  five  in  the  morning,  at  an  altitude  of 
about  29° ;  and  on  March  the  first,  at  thirty- 
seven  minutes  past  three  in  the  morning,  at 
aii  altitude  of  27°.  About  the  middle  of 
March,  it  will  rise  about  half-past  nine  in  the 
evening,  and  may  be  seen  about  an  hour  or 
two  afterwards  near  the  south-west  quarter  of 
the  heavens.  From  this  period,  it  will  be 
Been  in  the  evening,  till  the  end  of  the  year; 
but  as  its  distance  from  the  earth  will  rapidly 
increase  after  the  months  of  August  and  Sep- 
tember, and  as  it  is  then  in  a  high  degree  of 
•outh  declination,  it  will  not  be  much  noticed 
by  c(rmmon  observers  during  October,  Novem- 


ber, and  December.  On  the  18th  of  ApriL 
about  two  in  the  morning,  it  arrives  at  the 
point  of  its  opposition  to  the  sun,  when  it  us 
nearest  the  earth,  when  it  appears  with  a  full 
enlightened  hemisphere,  and  when  it  affords 
the  best  opportunities  for  telescopic  observa- 
tion. It  will  be  most  conspicuous  this  ya&i 
in  the  evening,  during  March,  April,  May^ 
June,  July,  and  August,  and  will  be  distin- 
guished from  surrounding  stars  by  its  rudd^y 
appearance.  During  the  months  of  July, 
August,  and  September,  it  will  be  seen  chiefly 
near  the  south-western  portion  of  the  sky. 
On  the  11th  of  March  it  is  stationary  f  that 
is,  appears  without  any  apparent  motion; 
after  which,  its  motion  is  retrograde,  or  con- 
trary to  the  order  of  the  signs  of  the  Zodiac, 
and  so  continues  till  the  29th  of  May,  when 
it  is  again  stationary ;  after  w^hich  its  motion 
is  direct  or  according  to  the  order  of  the  signs. 
The  planet  Mars  will  be  in  conjunction 
with  B  Virginis  on  the  1st  of  January,  at 
thirty-two  minutes  past  four  p.m.,  when  the 
star  will  be  17'  south  of  the  planet.  It  will 
be  in  conjunction  with  x  Virginis  on  the  4th 
of  April,  at  eight  o'clock  in  the  morning,  when 
the  star  will  be  49'  north  of  Mars.  It  will  be 
in  conjunction  with  a^  Librae  on  the  10th  of 
August,  at  nineteen  minutes  past  two  p.m., 
the  star  1°  58'  north.  On  the  16th  of  Sep- 
tember, at  fifty-three  minutes  past  three  in  the 
morning,  the  star  g  Ophiuchi  will  be  in  con- 
junction, at  the  distance  of  only  V  to  the 
south ;  so  that  the  two  bodies  will  seem  almosV 
to  touch  each  other.  On  the  27th  of  Septen 
ber,  about  six  o'clock  in  the  evening,  this 
planet  will  be  in  conjunction  with  Jupittjr, 
when  Mars  will  appear  2°  4'  to  the  south  of 
Jupiter.  On  the  4th  of  October,  at  thirty-five 
minutes  past  ten  p.m.,  it  will  be  in  conjunc- 
tion with  Q  Ophiuchi,  when  the  star  will  ap- 
pear only  6'  south  of  the  planet.  On  Decem- 
ber 18th,  it  will  be  in  conjunction  with  /  Car 
pricorni,  at  8*^  47'  p.m.,  when  the  star  will 
be  only  eight  minutes  of  a  degree  south  of 
Mars. 

4.   Vesta,  Juno,  Ceres,  and  Pallas, 

These  planets  will  all  be  in  opposition  to  the 
sun  this  year.  Vesta  will  be  in  opposition  on 
the  23d  of  October,  at  twenty-one  minutes 
past  three  in  the  morning.  It  will  transit  the 
meridian  about  midnight,  at  an  altitude  of  38^ 
20'.  Right  ascension,  2^  2'  27" ;  north  de- 
clination, 20'  23"  On  the  20th  of  April,  at 
1''  25'  p.m.,  it  is  in  conjunction  with  the 
star  jo  Piscium,  the  star  1°  34'  north  of  the 
planet.  On  the  22d  of  April,  at  10'^  56'  a*m., 
it  is  in  conjunction  with  r  Piscium,  the  star 
1°  11'  South  of  Vesta.  On  the  24th  of.  Au- 
gust, at  r»  44'  A.M.,  the  star  v  Ceti  will;  be  in 
conjunction,  the  star,  14'  north  of  Vesta  5; botih 
(7M) 
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these  bodies  mil  therefore  be  seen  in  the  same 
iuM  of  a  telescope. 

Juno  will  be  in  opposition  on  the  19th  of 
March  at  2^  45'  p.m.,  and  will  come  to  the 
meridian  about  midnight,  at  an  altitude  of 
41°  3'.  Right  ascension,  IV'  59'  65'' ;  north 
declination,  3°  3'  15''.  Juno  will  be  in  con- 
junction with  7j  Virginis  on  the  4th  of  March, 
•at  3^*  24'  P.M.,  the  star  28'  south  of  Juno. 
On  the  25th  of  April,  at  noon,  it  will  be  in 
conjunction  with  v  Virginis,  when  the  star 
will  be  only  7'  north  of  the  planet.  This  con- 
junction will  afford  a  favourable  opportunity 
for  detecting  Juno.  On  the  24th  of  May,  at 
7h  12'  A.T,r,,  it  will  again  be  in  conjunction 
with  V  Virginis,  when  the  star  will  be  36' 
south  of  the  planet.  On  the  22d  of  June,  at 
S"  36'  A.M.,  it  will  be  in  conjunction  with  si 
Virginis,  the  star  45'  north  of  the  planet. 

Pallas  is  in  opposition  to  the  suri  on  the 
4th  of  September,  at  5'^  ,34'  p.m.,  when  it 
will  come  to  the  meridian  at  an  altitude  of 
40°  41 1'.  Right  ascension,  22-'  37';  north 
declination,  2°^  41'  20".  Pallas  will  be  in 
conjunction  with  the  star  ^  Aquarii  on  the 
20th  of  September,  about  one  in  the  morning, 
when  the  star  will  be  22'  south  of  Pallas. 

Ceres  is  in  opposition  on  October  13th,  at 
twenty-two  minutes  past  eleven  a.m.,  and 
comes  to  the  meridian  at  that  time  at  an  ele- 
vation above  the  southern  horizon  of  32°  455'. 
Right  ascension,  1^  35'  20" ;  north  declina- 
6on,  5°  14'  30"o 

6.  Jupiter, 

This  planet  passed  its  conjunction  with  the 
fiun  on  the  21st  of  November,  1840,  and  will 
appear  as  a  moiming  star  during  the  months 
of  January,  February,  March,  and  April.  On 
the  1st  of  January,  it  will  rise  near  the  south, 
at  thirty-four  minutes  past  five  in  the  morn- 
ing, and  will  pass  the  meridian  at  forty 
minutes  past  nine,  at  an  altitude  of  nearly 
17°.  On  the  1st  of  February,  it  ¥/ilI  rise  in 
the  same  quarter,  at  fifty-six  minutes  past 
three,  and  come  to  the  meridian  about  eight. 
On  the  1st  of  March,  it  will  rise  at  twenty- 
two  minutes  past  two  in  the  morning,  and 
pass  the  meridian  at  twenty-eight  minutes 
past  six.  On  the  1st  of  April,  it  rises  at 
twenty-eight  minutes  past  twelve,  midnight ; 
and  on  the  1st  of  May,  at  thirty-two  minutes 
past  ten  in  the  evening ;  after  which  it  will 
continue  to  be  seen  in  the  evening  till  about 
the  middle  of  November.  It  will  be  in  con- 
junction with  the  sun  on  the  morning  of  the 
33d  of  December,  after  which,  it  will  be  a 
morning  star.  The  declination  of  Jupiter  on 
January  1st  is  21°  ^^^  south,  and  on  the  1st 
of  December,  23°  13^'  south.  On  account, 
therefore^  of  its  great  southern  dechnation,  its 
ftitilude  w411  he  low,  and  its  duration  above 


the  horizon  comparatively  short  Its  altitud® 
when  passing  the  meridian  about  the  begin 
ning  of  December,  is  only  14°  46'.  Its  op 
position  to  the  sun  happens  on  the  5th  of 
June,  at  10''  16'  p.m.  It  will  appear  chiefly 
in  a  southerly  and  south-westerly  direction  iss 
the  evenings  of  July,  August  and  September. 
The  best  time  for  telescopic  observations  on 
this  planet  in  the  evening  will  be  from  April 
till  the  end  of  August. 

On  the  20th  of  April,  at  a  quarter  past 
three  in  the  morning,  all  the  satellites  of  Ju- 
piter will  appear  on  the  west  side  of  the 
planet,  when  viewed  with  a  telescope  having 
an  erect  eye-piece,  and  in  tJie  order  of  their 
distances  from  Jupiter,  The  same  pheno- 
menon will  happen  on  the  8th  of  June,  at 
thirt}^  minutes  past  eleven  in  the  evening. 
On  the  5th  and  18th  of  July,  (on  the  east  of 
Jupiter,)  at  forty-five  minutes  past  nine  in 
the  evening;  on  the  27th  of  September,  al 
7^'  30'  P.M.;  and  on  the  17th  of  November, 
at  5^  pj>i. 

6.  Satmm,. 

This  planet  will  be  seen  only  in  the  morn- 
ing from  the  beginning  of  January  till  the 
beginning  of  May.  On  the  1st  of  February^ 
it  will  rise  at  5''  8'  a.m.,  in  a  direction  nearly 
south-east,  and  will  come'  to  the  meridian  at 
95*  8'  A.M.,  at  an  altitude  of  15°  35';  on  the 
1  st  of  March,  it  rises  at  twenty-eight  minutes 
past  three  in  the  morning;  on  the  1st  of 
April,  at  thirty-one  minutes  past  one ;  and 
on  the  1st  of  May,  at  thirty-two  minutes  past, 
eleven  in  the  evening.  From  January  til! 
May  the  2->lanet  will  be  seen  chiefly  in  a 
south-easterly  direction  in  tlie  morning,  at  a 
small  elevation  above  the  horizon.  From 
July  till  October  it  will  be  seen  in  the  even- 
ing, chiefly  in  a  southerly  and  south-hy-wes§ 
direction.  It  is  in  opposition  to  the  s>m  on 
the  21st  of  June,  when  it  rises  about  eight 
in  the  evening,  and  passes  the  meridian  about 
midnight.  It  xvill  be  in  conjunction  witli  the 
sun  on  the  27th  of  December.  Its  right  as- 
cension on  the  1st  of  January  is  17*'  43',  and 
its  south  declination,  22°  21'.  On  the  31sS 
of  December,  its  right  ascension  is  18^  26', 
and  south  declination,  22°  40'.  On  account 
of  its  great  southern  declination  and  its  vi- 
cinity to  the  sun,  it  will  not  be  much  noticed 
during  the  latter  part  of  October  and  the 
months  of  November  and  December. 

During  this  year  the  ring  of  Saturn  will  b© 
in  a  very  favourable  position  for  telescopic 
observation,  the  elliptical  figure  of  the  rin^ 
appearing  nearly  at  its  utmost  width,  so  that 
it  will  appear  very  nearly  to  encom.pass  the 
planet.  The  best  periods  for  telescopic  ob- 
servations in  the  evening  will  be  from  ih@ 
month  of  May,  till  the  end  of  September, 
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7.    Uranus» 

Uranus  will  be  in  opposition  to  the  sun  on 
liie  15th  of  September,  at  10''  17'  a.m.,  when 
it  will  pass  the  meridian  about  midnight,  at 
an  altitude  of  34'^  15'  Right  ascension  at 
this  period,  23'^  33-^ ;  south  declination,  3'^ 
45'.  It  is  in  conjunction  with  Venus  on  the 
S-Sth  of  January,  at  twenty-five  minutes  past 
one  in  the  morning,  and  is  distant  from  Venus 
only  four  minutes  of  a  degree.  It  is  in  con- 
junction with  Vesta  on  the  9th  of  April,  at 
nine  in  the  evening,  being  3°  54'  to  the 
north  of  Vesta.  On  the  1st  of  September,  it 
passes  the  meridian  at  fifty-one  minutes  past 
twelve,  midnight;  on  the  1st  of  October,  at 
forty-nine  minutes  past  ten  in  the  evening; 
on  the  1st  of  November,  at  forty-three  minutes 
past  eigiit;  on  the  1st  of  December,  at  forty- 
four  minutes  past  six ;  and  on  the  1st  of  Ja- 
nuary, 1842,  at  forty-four  minutes  past  four 
in  the  afternoon.  The  most  eligible  periods 
for  detecting  this  planet  by  means  of  the  tele- 
scope are  the  months  of  August,  September, 
October,  and  November. 

N.B.  The  precotling  descriptions  of  pla- 
netary phenomena  are  chiefly  intended  to  in- 
form common  observers  as  to  the  seasons  of 
the  year  when  the  different  planets  may  be 
Been,  and  the  quarters  of  the  heavens  to 
which  they  are  to  direct  their  attention  in 
order  to  distinguish  them.  It  may  be  proper 
to  observe,  that  the  planets  in  general  cannot 
be  distinguished  by  the  naked  eye  for  about 
a  month  before  and  after  their  conjunctions 
with  the  sun,  except  Venus,  which  may  fre- 
quently be  seen  within  a  week  before  and 
after  its  inferior  conjunction ;  but  this  planet 
will  sometimes  be  invisible  to  the  naked  eye 
for  a  month  or  two  before  and  after  its  swpe- 
rlor  conjunction  with  the  sun. 

For  a  particular  description  of  the  motions, 
distances,  magnitudes,  and  other  phenomena 
ill  relation  to  the  primary  planets  and  their 
satellites,  the  reader  is  respectfully  referred  to 
the  volume  entitled  "  Celestial  Scenery  ; 
or  the  Wonders  of  the  Planetary  System  Dis- 
played," where  all  the  most  interesting  facts 
connected  with  the  solar  system,  and  the 
ccenery  it  displays,  are  particularly  detailed. 


ECLIPSES  AND  OCCULTATIONS. 

KCLIPSES  IN   1840. 

There  will  be  four  eclipses  this  year,  two 

of  the  sun  and  two  of  the  moon ;  but  none  of 

them  will  be  visible  within  the  limits  of  the 

British  isles,  nor  in  the.  United   States   of 
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America,  except  a  partial  eclipse  of  the  moon, 
August  13th,  at  7''  23'  a.m.,  Greenwich  time. 
This  echpse  will  be  visible  at  Philadelphia, 
New  York,  Boston,  and  most  parts  of  North 
America,  but  not  in  Britain.  On  March  4th, 
there  will  be  an  annular  eclipse  of  the  sun, 
the  middle  of  which  will  happen  at  7"  23^ 
A.M.;  and  on  August  27th  there  will  be  a 
total  eclipse  of  the  sun  ;  middle  of  the  echpso 
about  7'^  A.M.  These  two  interesting  eciipsea 
will  be  visible  chiefly  in  tiie  easte.m  parts  of 
the  globe,  in  the  easteni  parts  of  Africa,  the 
East  Indies,  the  Indian  Ocean,  Australia,  &c. 
At  the  Cape  of  Good  Hope,  there  will  be  a 
partial  eclipse  of  the  sun  on  August  27th ; 
but  both  eclipses  will  be  invisible  both  in 
Britain  and  America. 

ECLIPSES  iisr    1841. 

This  year  there  will  be  sis  eclipses,  four 
of  the  sun  and  two  of  the  moon,  at  the  fol- 
lowing times  :-~~0f  the  sun^  January  22d,  at 
6*^  23',  a  partial  eclipse,  visible  only  in  a 
small  portion  of  the  southern  ocean ;  of  the 
moon,  February  6th,  at  2^  Q'  a..m.,  visible  in 
Great  Britain ;  of  the  su?i,  a  partial  eclipse, 
February  21st,  at  11*^  4'  A.r.r.,  visible  chiefly 
in  the  North  Atlantic  Ocean,  Iceland,  and 
East  Greenland ;  of  the  sun,  a  partial  eclipse, 
July  18,  at  2'>  24'  p.m.,  visible  in  Baffin's 
Bay,  Iceland,  Norway,  Sweden,  Russia  in 
Europe,  Prussia,  Germany,  Scotland,  &.C., 
but  invisible  at  Greenwich;  of  the  moon,  a 
total  eclipse,  August  2d,  at  10''  1'  a.m.  ;  of 
the  sun,  a  partial  eclipse,  August  16th,  at  9" 
19'  P.M.,  visible  chiefly  in  the  South  Pacific 
Ocean.  The  times  here  specified  denote  the 
middle  of  the  eclipse. 

All  the  above  eclipses  are  invisible  at 
Greenwich,  and  in  most  parts  of  Britain,  ex- 
cept the  total  eclipse  of  the  moon  on  Febru- 
ary 5th  and  6th,  of  which  the  following  is  a 
more  particular  detail  in  mean  time  at  Green- 
wich : 

h.    m. 

First  contact  with  penumbra  of 

the  earth's  shadow,  Feb.  5.     .  11  24    p.m 

First  contact  with  dark  shadow, 

Feb.  6.      .....     c     .     0  20   a.m. 

First    total    immersion  in    dark 

shadow,  Feb.  6.       .     .     .     .     1    17    i.m. 

Middle  of  the  eclipse,  Feb,  6.    ,     2     6|  a.m. 

Last  total  immersion  in  dark  sha- 
dow, Feb,  6.       ....     o     2  55^  a.m. 

Last  contact  with  dark  shadow, 

Feb.  6. 3  52|  a.m. 

Last    contact    with    penumbra, 

Feb  6 4  49    a.m.. 

Digits  eclipsed,  ^OJ. 

A  large  solar  eciipse  will  be  visible   art 
3o2  (713) 
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July  8,  1842;  and  no  eclipse  of  the  sun  will 
be  visible  in  Britain  till  that  time.  That 
eclipse  will  be  total  in  the  southern  parts  of 
France,  and  large  even  in  and  near  London. 
At  Greenwich,  it  will  begin  at  4:^  .53^'  a.m., 
and  end  at  6^  43'.  Digits  eclipsed,  9°  42^'. 
Of  course  this  eclipse  will  not  be  visible  in 
the  United  States,  nor  throughout  an}'  part 
of  America,  as  the  sun  will  not  at  that  time 
be  risen  to  those  places. 

OOCULTATIONS  OF  VENUS    BT  THE    MOOIST    IN 
1841. 

On  the  26th  of  March,  1841,  the  planet 
Venus  will  suffer  an  occupation  by  the  moon. 
It  will  begin  to  be  immersed  behind  the  moon 
at  forty  minutes  past  two  o'clock  in  the  after- 
noon, of  Greenwich  mean  time,  and  will 
emerge  from  behind  the  opposite  limb  of  the 
moon  at  twenty-three  minutes  past  3  p.m. 
Another  occultation  of  Venus  will  happen  on 
the  12th  of  September,  1841 ;  immersion, 
thirty  minutes  past  six  in  the  morning; 
emersion,  forty-two  minutes  past  7  a.m.  In 
the  occultation  of  March  26,  Venus  will  be 
nearly  in  the  form  of  a  half-moon,  and  the 
moon  in  the  form  of  a  crescent.  Venus  will 
be  immerged  at  the  dark  (or  eastern)  limb 
of  the  moon,  and  will  emerge  from  the  en- 
lightened crescent.  They  will  be  then  nearly 
on  the  meridian,  at  an  altitude  of  about  60°, 
and  nearly  three  hours  of  right  ascension  east 
of  the  sun.  A  short  time  after  sunset,  Venus 
will  be  seen  a  little  west  from  the  lunar  cres- 
cent, but  very  near  it,  shining  with  consider- 
able splendour.  Although  this  occultation 
will  happen  while  the  sun  is  above  the  hori- 
zon, yet  both  the  moon  and  Venus  will  be 
easily  perceived  with  a  common  telescope  of 
very  moderate  magnifying  power.  In  the 
occultation  which  takes  place  on  the  morning 
of  September  12,  Venus  will,  as  in  the  former 
case,  be  nearly  in  the  shape  of  a  half-moon, 
and  the  moon  a  slender  crescent,  being  only 
2^  days  from  the  period  of  conjunction  or 
new  moon.  In  this  case  Venus  will  be  im- 
merged at  the  enlightened  limb  of  the  moon, 
and  emerge  from  the  dark  limb.  Both  bodies 
will  be  then  in  an  easterly  or  north-easterly 
direction,  and  the  immersion  will  take  place 
a  little  after  sunrise ;  about  half  an  hour  be- 
fore which,  Venus  will  be  seen  a  very  little 
to  the  east  of  the  moon. 


EXPLANATIONS  OF  SOME  OF  THE 
ENGRAVINGS  OF  THE  STARS. 

Plates  I.  and  II.,  which  represent  por- 
tirnis  of  the  heavens  as  seen  about  the  middle 
of  January  and  the  1st  of  September,  have 
(714) 


been  explained  pp.  14—17;  and  Plate  IIL, 
which  represents  the  north  circumpolar  stars 
has  been  explained  pp.  17 — 21. 

Plate  IV.  represents  some  of  the  larger 
stars  and  principal  constellations  around  tlu^ 
South  Poky  to  the  distance  of  45°  from  that 
pole.  It  also  shows  a  portion  of  the  Milky 
Way  which  traverses  that  region  of  the  hea 
vens,  and  which  is  said  to  appear  there  with 
peculiar  brilliancy.  One  of  the  principal 
constellations  which  is  frequently  noticed,  and 
which  appears  peculiarly  striking  to  sea-faring 
people  and  others,  is  called  Crux,  or  the 
Cross,  from  the  resemblance  it  bears  to  that 
figure.  It  consists  of  five  stars,  one  of  the 
first  magnitude,  two  of  the  second,  one  of  the 
third,  and  one  of  the  fourth  magnitude.  Four 
of  these  are  in  the  position  of  the  cross ;  the 
northermost  and  southermost  of  which  are 
always  in  a  line  with  the  south  pole,  and 
therefore  serve  for  a  direction  in  south  latitude 
to  discover  that  pole,  as  the  Two  Pointers  in 
the  Great  Bear  serve  to  direct  the  eye  to  the 
North  Polar-star.  There  is  no  large  or  pro- 
minent star  at  or  near  the  South  Pole.  This 
constellation  is  represented  near  the  line,  or 
meridian,  which  points  at  XII.,  opposite  to 
the  month  of  Mai/.  All  its  stars,  except  the 
lowermost,  appear  within  the  limits  of  the 
Milky  Way.  The  stars  immediately  below 
the  Cross  belong  to  the  Centaur ;  those  on 
the  left,  opposite  April,  belong  to  Robur 
Caroli,  or  King  Charles's  Oak,  which  con- 
tains a  star  of  the  first  magnitude.  Further 
to  the  left,  opposite  March,  is  Argo  Navis  or 
the  Ship,  Still  further  to  the  left,  opposite 
February,  is  Pisces  Volans,  the  Flying  Fish, 
which  contains  a  star  of  the  first  magnitude, 
named  Canopus.  This  star  is  marked  near 
the  left  side  of  the  map,  opposite  the  middle 
of  February.  To  the  right  from  the  Cross 
are  the  two  fore  legs  of  the  Centaur,  distin- 
guished by  two  stars  of  the  first  magnitude, 
named  Agena  and  Bungula,  Agon  a  being  the 
one  next  to  the  Cross.  They  are  in  the  Milky 
Way,  and  appear  opposite  the  month  of  June. 
Next  to  the  Cross  and  the  Centaur,  on  the 
right,  are  Circinus,  or  the  Compasses ;  the 
Southern  Triangle,  which  contains  three  stars 
of  the  second  magnitude  in  the  form  of  a  tri« 
angle ;  and  Ara,  or  the  Altar,  which  lies  ad- 
jacent to  the  right  hand  side  of  the  map, 
opposite  the  space  between  July  and  August* 
Directing  our  attention  to  the  upper  part 
of  the  map,  on  the  left,  there  is  the  constella- 
tion Equuleus  Pictoria,  or  the  Painter^s 
Easel,  which  consists  of  a  number  of  small 
stars.  Next  to  this,  and  a  little  above  it,  is 
Dorado,  or  the  Sword  Fish,  which  contains 
two  or  three  stars  of  the  secondhand  third 
magnitudes.  To  the  right  of  Dorado  i« 
Hydrus,  or  the  Water  Snake ;  above  which 
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h  Achemar,  a  stay  of  the  first  magnitude  in 
EridanuSj  which  appears  opposite  the  1st  of 
December,  Next  to  Achernar,  on  the  right 
is  Toucana,  or  the  American  Goose ;  above 
which,  opposite  November,  is  the  Phoenix  ,• 
to  the  right  of  which  is  the  Crane,  which 
contains  two  stars  of  the  second  magnitude ; 
below  which  is  Pavo,  or  the  Peacock,  which 
contains  several  stars  of  the  second  and  third 
magnitudes ;  below  Pavo,  opposite  to  August, 
is  Telescopium,  or  the  Telescope,  which  con- 


tains no  remarkable  stars.  Within  eleven 
degrees  of  the  South  Pole,  represented  bv  the 
central  point  of  the  map,  are  two  of  those 
whitish  or  nebulous  spaces  called  the  iJftf- 
gellanic  Clouds,  which  are  found  by  the 
telescope  to  consist  of  small  stars  and  nebu- 
lous appearances.  The  other  Magellanic 
cloud,  which  is  the  largest,  is  at  a  consider- 
able distance  from  the  South  Pole.  In  speci 
fying  the  names  of  some  of  the  above  stateJ 
constellations,  the  incongruity  of  the  animaU 


PLATE  IV. 


THE  SOUTH  CIRCUMPOLAR  STARS. 


•nd  figures  by  which  these  groups  of  stars 
tre  represented  vwU  at  once  be  apparent  to 
the  reader. 

Plate  V.  contains  a  condensed  representa- 
tion of  some  of  the  principal  constellations  in 
Ihe  northern  and  southern  hemispheres  on 
Mercator's  Projection,  chiefly  for  the  purpose 
of  exhibiting  the  coukse  of  the  Milkt 
Wat,  and  the  relative  positions  of  the  con- 
«tellations.  Some  of  the  larger  stars  may  be 
here   traced    as  a  Lyrse,  Capella,  &c.,  but 


they  are  more  easily  distinguished  in  the 
other  maps.  (See  the  description  given  oV 
the  Milky  Way,  p.  71.) 

Fig.  80  (p.  158)  represents  the  comet  of 
1661,  as  seen  by  Hevelius;  the  atmosphere, 
or  nebulosity,  surrounding  the  nucleus,  when 
viewed  at  different  times,  varied  ih  its  extent, 
as  likewise  the  tail  in  its  length  and  breadth. 

Fig.  81  (p.  158)  represents  a  class  of 
comets  which  have  their  tails  somewhat  bent, 
which  some  suppose  to  be  owing  to  th?  re- 
(715) 


Hosted  by  Google 


102 


SIDEREAL  IIEAVENa 


KiHt{mi%'3  of  the  ethereal  fluiJ  through  which 
thpy  move. 

Fig.  85  represents  a  telescopic  view  of  the 
^^leiades,  a  group  of  stars  in  the  constellation 
I'auniB.  Ahout  forty  stars  are  here  repre- 
sented, but  with  powerful  talescopes  many 
more  may  be  discovered.  Rheita  affirms 
that  he  counted  200  stars  within  this  cluster, 


and  yet  telescopes,  at  the  period  when  he* 
lived,  had  not  arrived  at  the  point  of  perfec- 
tion they  have  now  attained.  The  principal 
star  in  the  Pleiades  is  Akione,  of  the  third 
magnitude,  which  is  here  represeiited  near 
the  centre  of  the  cluster.  The  names  of  the 
others  visible  to  the  naked  eye  are  Merope. 
Maia,  lilectra,  Tayeta,  Sterbpe,  and   Celitie 


Fig.  85. 


The  principal  Stars  composing  the  Pleiades. 


McToj.e  is  the  one  which  some  suppose  to 
have  been  lost  In  fabulous  liistory,  these 
stars  were  the  seven  daughters  of  Atlas  and 
the  nymph  Pleione,  who  were  turned  into 
stars  with  their  sisters  the  Hyades,  on  account 
of  their  mutual  affection  and  amiable  virtues. 
The  other  five  stars,  ]>eside3  Alcione,  are 
of  the  fifth  magnitude,  as  represented  in  the 
plate  ;  and  the  rest  are  telescopic  ntars  of  the 
Jiff) 


sixth,  seventh,  eighth,  and  nhith  magnitudes, 
The  lines  from  right  to  left  are  portions  of 
circles  of  declination,  which  run  parallel  with 
the  equinoctial,  as  the  parallels  of  latitude  oj) 
the  terrestrial  globe  dc^with  respect  to  the 
equator ;  and  on  these  the  decUnation^  or 
distance  of  the  body  from  the  equinoctiai,  if) 
marked.  The  other  lines,  from  top  to  botlo^v), 
arc  portions  of  circles  uf  right  ,a!ru:'enBioii  ct^r- 
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i^spotiduig  with  merkliaiis  on  the  terrestrial 
ffjoi^e.  On  these  are  marked  the  right  ascen- 
sions of  the  heavenly  bodies  or  their  distance, 
reckoned  on  the  equinoctial  from  the  first 
point  of  Aries.  One  of  these  Hnes,  at  the  top 
and  bottom,  is  marked  54°,  showing  that  the 
stars  in  thet  line  are  54°  east  from  the  first 
point  of  Aries  ;  and  the  number  23,  marked 


at  the  right  and  left  hand  sides,  shows  tlmt 
the  star  or  stars  in  that  Hne  are  23°  north  of 
the  equinoctial. 

Fig.  86  represents  the  tail  of  the  splendid 
comet  of  1744,  which  was  divided  into  six 
branches,  as  described  p.  161.  See  also  the 
description  given  of  this  comet,  pp.  154,  155. 


Fig.  86. 
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PREFACE. 


The  following  work  was  announced  several  years  ag-o  in  the  preface  to  the  vol- 
ume on  "The  Sidereal  Heavens,"  since  which  time  numerous  inquiries  have  heen 
made  after  it  by  correspondents  in  England,  the  West  Indies,  and  America.  It  was 
nearly  ready  for  publication  three  years  ago,  but  circumstances  over  which  the 
author  had  no  control  prevented  its  appearance  at  that  period.  This  delay,  how- 
ever, has  enabled  him  to  introduce  descriptions  of  certain  instruments  and  inven- 
tions which  were  partly  unknown  at  the  time  to  which  he  refers. 

The  term  "Practical  Astronomer"  has  been  fixed  upon  as  the  shortest  that  could 
be  selected,  although  the  volume  does  not  comprise  a  variety  of  topics  and  discus- 
sions generally  comprehended  in  this  department  of  astronomy.  The  work  is  in- 
tended for  the  information  of  general  readers,  especially  for  those  who  have  acquired 
a  relish  for  astronomical  pursuits,  and  who  wish  to  become  acquainted  with  the  in- 
struments by  which  celestial  observations  are  made,  and  to  apply  their  mechanical 
skill  to  the  construction  of  some  of  those  which  they  may  wish  to  possess.  With 
this  view,  the  author  has  entered  into  a  variety  of  minute  details,  in  reference  to 
the  construction  and  practical  application  of  all  kinds  of  telescopes,  &c.,  which  are 
not  to  be  found  in  general  treatises  on  Optics  and  Astronomy. 

As  Light  is  the  foundation  of  astronomical  science,  and  of  all  the  instruments 
used  for  celestial  observation,  a  brief  description  is  given  of  the  general  properties 
of  light — of  the  laws  by  which  it  is  refracted  and  reflected  when  passing  through 
different  mediums,  and  of  the  effects  it  produces  in  the  system  of  nature — in  order  to 
prepare  the  way  for  a  clear  understanding  of  the  principles  on  which  optical  instru- 
ments are  constructed,  and  the  effects  they  produce. 

As  this,  as  well  as  every  other  physical  subject,  forms  a  part  of  the  arrangements 
of  the  Creator  throughout  the  material  system,  the  author  has  occasionally  taken  an 
opportunity  of  directing  the  attention  of  the  reader  to  the  Wisdom  and  Beneticence 
of  the  Great  First  Cause,  and  of  introducing  those  moral  reflections  which  naturally 
flow  from  the  subject. 

The  present  is  the  ninth  volume  which  the  author  has  presented  to  the  puolic, 
and  he  indulges  the  hope  that  it  will  meet  with  the  same  favourable  reception 
which  his  former  publications  have  uniformly  experienced.  It  was  originally  in- 
tended to  conclude  the  volume  with  a  few  remarks  on  the  utility  of  astronomical 
studies,  and  their  moral  and  religious  tendency,  but  this  has  been  prevented,  for  the 
present,  in  consequence  of  the  work  having  swelled  to  a  greater  size  than  was  an- 
ticipated. Should  he  again  appear  before  the  public  as  ?n  author,  the  subject  ol 
discussion  and  illustration  will  have  a  more  direci  bearing  than  the  present  on  the 
great  objects  of  religion  and  a  future  world* 

Broughty  Ferry,  near  Dundee,  ) 
Jugust,  1845.  J 
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PART   L 


ON  LIGHT. 


INTRODUCTION 


Light  is  that  invisible  ethertal  matter 
9vnich  renders  objects  perceptible  by  the  visual 
organs.  It  appears  to  be  distributed  through- 
out the  immensity  of  the  universe,  and  is 
essentially  requisite  to  the  enjoyment  of  every 
rank  of  perceptive  existence.  It  is  by  the 
agency  of  this  mysterious  substance  that  we 
become  acquainted  with  the  beauties  and 
sublimities  of  the  universe,  and  the  wonderful 
operations  of  the  Almighty  Creator.  With- 
out its  universal  influence,  an  impenetrable 
veil  would  be  thrown  over  the  distant  scenes 
of  creation;  the  sun,  the  moon,  the  planets, 
and  the  starry  orbs  would  be  shrouded  in  the 
deepest  darkness,  and  the  variegated  surface 
of  the  globe  on  which  we  dwell  would  be 
almost  unnoticed  and  unknown.  Creation 
would  disappear,  a  mysterious  gloom  would 
surround  the  mind  of  every  intelligence,  all 
around  would  appear  a  dismal  waste  and  an 
undistinguished  chaos.  To  whatever  quarter 
we  might  turn,  no  form  nor  comeliness  would 
be  seen,  and  scarcely  a  trace  of  the  perfections 
and  agency  of  an  All  Wise  and  Almighty 
Being  could  be  perceived  throughout  the 
universal  gloom.  In  short,  without  the  influ- 
ence of  light,  no  world  could  be  inhabited,  no 
animated  being  could  subsist  in  the  manner 
it  now  does,  no  knowledge  could  be  acquired 
of  the  works  of  God,  and  happiness,  even  in 
the  lowest  degree,  could  scarcely  be  enjoyed 
by  any  organized  intelligence. 

We  have  never  yet  known  what  it  is  to 
live  in  a  world  deprived  of  this  delightful 
visitant;  for  in  the  darkest  night  we  enjoy  a 
share  of  its  beneficial  agency,  and  even  in  the 
deepest  dungeon  its  influence  is  not  altogether 
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unfelt.*  The  blind,  indeed,  do  not  directly 
enjoy  the  advantages  of  light,  but  its  influ- 
ence is  reflected  upon  them,  and  their  know- 
ledge is  promoted  through  the  medium  of 
those  who  enjoy  the  use  of  their  visual  organs. 
Were  all  the  inhabitants  of  the  world  deprived 
of  their  eyesight,  neither  knowledge  nor 
happiness,  such  as  we  now  possess,  could 
possibly  be  enjoyed. 

There  is  nothing  which  so  strikingly  dis- 
plays the  beneficial  and  enlivening  effects  of 
light  as  the  dawn  of  a  mild  morning  after  a 
night  of  darkness  and  tempest.  All  appears 
gloom  and  desolation  in  our  terrestrial  abode 
till  a  faint  light  begins  to  whiten  the  eastern 
horizon.  Every  succeeding  mome^*  ^ngs 
along  with  it  something  new  anu  enlivening. 
The  crescent  of  light  towards  the  east  now 
expands  its  dimensions,  and  rises  upward  to- 
wards the  cope  of  heaven ;  and  objects,  which 
a  Uttle  before  were  immersed  in  the  deepest 
gloom,  begin  to  be  clearly  distinguished.  At 
length  the  sun  arises,  and  all  nature  is  ani- 
mated by  his  appearance ;  the  magnificent 
scene  of  creation,  which  a  little  before  was 
involved  in  obscurity,  opens  gradually  to  view, 
and  every  object  around  excites  sentiments 
of  wonder,  delight,  and  adoration.  The 
radiance  which  emanates  from  this  luminary 

♦  Those  unfortunate  individuals  who  have  been 
confined  in  the  darkest  dungeons  have  declared, 
that  though,  on  their  first  entrance,  no  object 
could  be  perceived,  perhaps  for  a  day  or  two,  yet, 
in  the  course  of  time,  as  the  pupils  of  their  eyes 
expanded,  they  could  readily  perceive  mice,  rats, 
and  other  animals  that  infested  their  celU,  and 
likewise  the  walls  of  their  apartments;  which 
shows  that,  even  in  such  situations,  light  is  pre- 
sent, and  produces  a  certain  degree  of  influence. 

(729) 


Hosted  by  Google 


12 


THE  PRACTICAL  ASTRONOMER. 


displays  before  us  a  world  strewed  with  bless- 
ings, and  embellished  with  the  most  beautiful 
attire.  It  unveils  the  lofty  mountains  and 
the  forests  with  which  the}^  are  crowned ;  the 
fruitful  fields,  with  the  crops  that  cover  them ; 
the  meadows,  with  the  rivers  which  water 
and  refresh  them ;  the  plains  adorned  with 
verdure ;  the  placid  lake,  and  the  expansive 
©cean.  It  removes  the  curtain  of  darloiess 
from  the  abodes  of  men,  and  shows  us  the 
cities,  towns,  and  villages,  the  lofty  doines, 
the  ghttering  spires,  and  the  palaces  and 
temples  with  which  the  landscape  is  adorned. 
The  flowers  expand  their  buds  and  put  forth 
their  colours,  the  birds  awake  to  melody,  man 
goes  forth  to  his  labour,  the  sounds  of  human 
voices  are  heard,  and  all  appears  life  and 
activity,  as  if  a  new  world  had  emerged  from 
the  darkness  of  chaos. 

The  whole  of  this  splendid  scene,  which 
light  produces,  may  be  considered  as  a  new 
creation,  no  less  grand  and  beneficent  than 
the  first  creation,  when  the  command  was 
issued,  "  Let  there  be  light,  and  light  was." 
The  aurora  and  the  rising  sun  cause  the 
earth,  and  all  the  objects  which  adorn  its 
surface,  to  arise  out  of  that  profound  darkness 
and  apparent  desolation  which  deprived  us 
of  the  view  of  them  as  if  they  had  been  no 
more.  It  may  be  affirmed,  in  full  accordance 
with  truth,  that  the  efflux  of  light  in  the 
dawn  of  the  morning,  after  a  dark  and  cloudy 
night,  is  even  more  magnificent  and  exhilarat- 
ing than  at  the  first  moment  of  its  creation. 
At  that  period  there  were  no  spectators  on 
earth  to"  admire  its  glorious  effects ;  and  no 
objects,  such  as  we  now  behold,  to  be  em- 
bellished with  its  radiance.  The  earth  was  a 
shapeless  chaos,  where  no  beauty  or  order 
could  be  perceived ;  the  mountains  had  not 
j-eared  their  heads ;  the  seas  were  not  collected 
into  their  channels ;  no  rivers  rolled  through 
the  valleys ;  no  verdure  adorned  the  plains ; 
the  atmosphere  was  not  raised  <;li  high  to  re- 
flect the  radiance,  and  no  animated  beings 
existed  to  diversify  and  enliven  the  scene. 
But  now,  when  the  dawning  of  the  morning 
scatters  the  darkness  of  the  night,  it  opens  to 
view  a  scene  of  beauty  and  magnificence, 
The  heavens  are  adorned  with  azure,  the 
clouds  are  tinged  with  the  most  lively  colours, 
the  mountains  and  plains  are  clothed  with 
verdure,  and  the  whole  of  this  lower  creation 
stands  forth  arrayed  with  diversified  scenes 
of  beneficence  and  grandeur,  while  the  con- 
.templalive  eye  looks  round  and  wonders. 

Such,  then,  are  the  important  and  benefi- 
cent efiects  of  that  light  which  every  moment 
.diffuses  its  blessings  around  us.  It  may  justly 
be  •  considered  as  one  of  the  most  essential 
-substances  connected  with  the  system  of  the 
iiaatenal  universe,  and  which  gives  eiliciency 
(730) 


to  all  the  other  principles  and  arrangements 
of  nature.  Hence  we  are  informed,  in  tha 
sacred  history,  that  light  was  the  first  pro- 
ductioQ  of  the  Almighty  Creator,  and  the  first 
born  of  created  beings ;  for  without  it  the 
universe  would  have  presented  nothing  but 
an  immense  blank  to  all  sentient  existences. 
Hence,  likewise,  the  Divine  Being  is  meta- 
phorically represented  under  the  idea  of  lightf 
as  being  the  source  of  knowledge  and  felicity 
to  all  subordinate  intelligences ;  "  God  is  light, 
and  in  Him  is  no  darkness  at  all ;"  and  he  in 
exhibited  as  "  dwelling  in  light  unapproach* 
able  and  full  of  glory,  whom  no  man  hath 
seen  or  can  see."'  In  allusion  to  these  cir- 
cumstances, Milton,  in  his  Paradise  Lost,  in- 
troduces  the  following  beautiful  apostrophe  : 

"Hail  holy  light!  offspring  of  heaven  first  born, 

Or  of  the  eternal,  coeternaJ  beam  ! 

May  I  express  thee  unblamed  1  since  God  is  lighS 

And  never  but  in  unapproached  light 

Dwelt  from  eternity  ;  dwelt  then  in  thee, 

Bright  effluence  of  bright  essence  increate. 

Before  the  sun, 

Before  the  heavens  thou  wert,  and  at  the  voice 
Of  God,  as  with  a  mantle,  didst  invest 
The  rising  world  of  waters  dark  and  deep, 
Won  from  the  void  and  formless  infinite." 

As  light  is  an  element  of  so  much  import- 
ance and  utility  in  the  system  of  nature,  so 
we  find  that  arrangements  have  been  made 
for  its  universal  diffusion  throughout  all  the 
worlds  in  the  universe.  The  sun  is  one  of 
the  principal  sources  of  light  to  this  earth  on 
which  we  dwell,  and  to  all  the  other  planetary 
bodies ;  and,  in  order  that  it  may  be  equally 
distributed  over  every  portion  of  the  surfaces 
of  these  globes,  to  suit  the  exigencies  of  their 
inhabitants,  they  are  endowed  with  a  motion 
of  rotation,  by  which  every  par*  of  their  sur^ 
faces  is  alternately  turned  towards  the  source 
of  light ;  and  when  one  hemisphere  is  deprived 
of  the  direct  influence  of  the  solar  rays,  its 
inhabitants  derive  a  portion  of  light  from 
luminaries  in  more  distant  regions,  and  have 
their  views  directed  to  other  suns  and  systems, 
dispersed,  in  countless  numbers,  throughout 
the  remote  spaces  of  the  universe.  Around 
several  of  the  planets,  satellites  or  moons 
have  been  arranged  for  the  purpose  of  throw- 
ing light  on  their  surfaces  in  the  absence  of 
the  siin,  while,  at  the  same  time,  the  primary 
planets  themselves  reflect  an  effulgence  of 
light  upon  their  satellites.  All  the  stars 
which  our  unassisted  vision  can  discern  in 
the  midnight  sky,  and  the  millions  more  which 
the  telescope  alone  enables  us  to  descry,  must 
be  considered  as  so  many  fountains  of  light, 
not  merely  to  illuminate  the  voids  of  immen- 
sity, but  to  irradiate  with  their  beams  sur- 
rounding worlds  with  which  they  are  more 
immediately  connected,  and  to  diffuse  a  gene- 
ral lustre  throughout  the  amplitudes  of  infi- 
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Rite  space;  and,  therefore,  we  have  every 
leason  to  beheve  that,  could  we  fly,  for  thou- 
sands of  years,  with  the  swiftness  of  a  seraph, 
through  the  spaces  of  immensity,  we  should 
never  approach  a  region  of  absolute  darkness, 
but  should  find  ourselves  every  moment  en- 
compassed with  the  emanations  of  light,  and 
cheered  with  its  benign  influences.  That 
Almighty  Being  who  inhabiteth  immensity 
and  "  dwells  in  light  inaccessible,"  evidently 
appears  to  have  diffused  light  over  the  re- 
motest spaces  of  his  creation,  and  to  have 
thrown  a  radiance  upon  all  the  provinces  of 
his  wide  and  eternal  empire,  so  that  every 
intellectual  being,  wherever  existing,  may 
feel    its  beneficent  eflects,  and   be  enabled, 


through  its  agency,  to  trace  his  wonderful 
operations,  and  the  glorious  attributes  with 
which  he  is  invested. 

As  the  science  of  astronomy  depends  solely 
on  the  influence  of  light  upon  the  organ  of 
vision,  which  is  the  most  noble  and  extensive 
of  all  our  senses ;  and  as  the  construction  of 
telescopes  and  other  astronomical  instruments 
is  founded  upon  our  knowledge  of  the  nature 
of  light  and  the  laws  by  which  it  operates,  it 
is  essentially  requisite,  before  proceeding  to  a 
description  of  such  instruments,  to  take  a  cur- 
sory view  of  its  nature  and  properties,  in  so  far 
as  they  have  been  ascertained,  and  the  effects 
it  produces  when  obstructed  by  certain  bodies, 
or  when  passing  through  difierent  mediums. 


CHAPTER  I. 

General  Properties  of  Light, 


It  is  not  my  intention  to  discuss  the  subject 
of  light  in  minute  detail,  a  subject  which  is 
of  considerable  extent,  and  which  would  re- 
quire a  separate  treatise  to  illustrate  it  in  all 
its  aspects  and  bearings.  All  that  I  propose 
is  to  offer  a  few  illustrations  of  its  general  pro- 
perties, and  the  laws  by  which  it  is  refracted 
and  reflected,  so  as  to  prepare  the  way  for  ex- 
plaining the  nature  and  construction  of  tele- 
scopes and  other  optical  instruments. 

There  is  no  branch  of  natural  science  more 
deserving  of  our  study  and  investigation  than 
that  which  relates  to  light,  whether  we  con- 
sider its  beautiful  and  extensive  effects,  the 
magnificence  and  grandeur  of  the  objects  it 
unfolds  to  view,  the  numerous  and  diversified 
phenomena  it  exhibits,  the  optical  instruments 
which  a  knowledge  of  its  properties  has  ena- 
bled us  to  construct,  or  the  daily  advantages 
we  derive,  as  social  beings,  from  its  universal 
diffusion.  If  air,  which  serves  as  the  medium 
of  sound  and  the  vehicle  of  speech,  enables  us 
to  carry  on  an  interchange  of  thought  and 
affection  with  our  fellow  men,  how  much  more 
extensively  is  that  intercourse  increased  by 
light,  which  presents  the  images  of  our  fiiends 
and  other  objects  as  it  were  immediately  be-!, 
fore  us,  in  all  their  interesting  forms  and  as- 
pects— the  speaking  eye,  the  rosy  cheeks,  the 
benevolent  smile,  and  the  intellectual  forehead. 
The  eye,  more  susceptible  of  multifarious  im- 
pressions than  the  other  senses,  "  takes  in  at 
once  the  landscape  of  the  world,"  and  ena- 
bles us  to  distinguish,  in  a  moment,  the  shapes 
and  forms  of  all  its  objects,  their  relative  posi- 
tions, the  colours  that  adorn  them,  their  diver- 
sified aspect,  and  the  motions  by  which  they 
are  transported  from  one  portion  of  space  to 
unother.     Light,  through  the  medium  of  the 


eye,  not  only  unfolds  to  us  the  persons  of 
others,  in  all  their  minute  modifications  and 
peculiarities,  but  exhibits  us  to  ourselves.  It 
presents  to  our  own  vision  a  faithful  portrait 
of  peculiar  features  behind  reflecting  sub- 
stances, without  which  property  we  should 
remain  entirely  ignorant  of  those  traits  of 
countenance  which  characterize  us  in  the  eyes 
of  others. 

But  what  is  the  nature  of  this  substance 
we  call  light,  which  thus  unfolds  to  us  the 
scenes  of  creation  1  On  this  subject  two  lead- 
ing opinions  have  prevailed  in  the  philosophi- 
cal world.  One  of  those  opinions  is,  that  the 
whole  sphere  of  the  universe  is  filled  with  a 
subtile  matter,  which  receives  from  luminous 
bodies  an  agitation  which  is  incessantly  con- 
tinued, and  which,  by  its  vibratory  motions, 
enables  us  to  perceive  luminous  bodies.  Ac- 
cording to  this  opinion,  light  may  be  consi- 
dered as  analogous  to  sound,  which  is  con- 
veyed to  the  ear  by  the  vibratory  motions  of 
the  air.  This  was  the  hypothesis  of  Descartes, 
which  was  adopted,  with  some  modifications, 
by  the  celebrated  Euler,  Huygens,  Franklin, 
and  other  philosophers,  and  has  been  admitted 
by  several  scientific  gentlemen  of  the  present 
day.  The  other  opinion  is,  that  light  consists 
of  the  emission  or  emanation  of  the  particles 
of  luminous  bodies,  thrown  out  incessantly 
on  all  sides,  in  consequence  of  the  continued 
agitation  it  experiences.  This  is  the  hypo- 
thesis of  the  illustrious  Newton,  and  has  been 
most  generally  adopted  by  British  philosophers. 

To  the  first  hypothesis  it  is  objected  that, 
if  true,  "  light  would  not  only  spread  itself  in 
a  direct  line,  but  its  motion  would  be  trans^ 
mitted  in  every  direction  like  that  of  sound, 
and  would  convey  the  impression  of  luminous 
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bodies  in  the  regions  of  space  beyond  the  ob- 
stacles that  intervene  to  stop  its  progress." 
No  wal]  or  other  opaque  body  could  obstruct 
its  course,  it  it  undulated  in  every  direction 
like  sound ;  and  it  v^^ould  be  a  necessary  con- 
seq^ience,  that  we  should  have  no  night,  nor 
any  such  phenomena  as  eclipses  of  the  sun  or 
moon,  or  of  tlie  sateUites  of  Jupiter  and  Sa- 
turn. This  objection  has  never  been  very 
satisfactorily  ansvi^ered.  On  the  other  hand, 
Euler  brings  forward  the  followhig  objections 
against  the  Newtonian  doctrine  of  emanation. 
1.  That,  were  the  sun  emitting  continually, 
and  in  all  directions,  such  floods  of  luminous 
matter,  with  a  velocity  so  prodigious,  he  must 
speedily  be  exhausted,  or  at  least  some  altera- 
tion must,  after  the  lapse  of  so  many  ages, 
be  perceptible.  2.  That  the  sun  is  not  the 
only  body  that  emits  rays,  but  that  all  the 
stars  have  the  same  quaHty ;  and  as  every 
where  the  rays  of  the  sun  must  be  crossing 
the  rays  of  the  stars,  their  collision  must  be 
violent  in  the  extreme,  and  that  their  direction 
must  be  changed  by  such  a  collision.* 

To  the  first  of  these  objections  it  is  an- 
swered, that  so  vast  is  the  tenuity  of  light, 
that  it  utterly  exceeds  the  power  of  con- 
ception ;  the  most  delicate  instrument  having 
never  been  certainly  put  in  motion  by  the  im- 
pulse of  the  accumulated  sunbeams.  It  has 
been  calculated  that  in  the  space  of  385, 130,- 
000  Egyptian  years  (of  360  days,)  the  sun 
would  lose  only  the  ^^^^l^^^^th  of  his  bulk 
from  he  continual  efflux  of  his  light.  And, 
therefore,  if  in  385  millions  of  years  the  sun's 
diminution  would  be  so  extremely  small,  it 
would  be  altogether  insensible  during  the  com- 
paratively short  period  of  five  or  six  thousand 
years.  To  the  second  objection  it  is  replied, 
that  the  particles  of  light  are  so  extremely  rare 
that  their  distance  from  one  to  another  is  in- 
comparably greater  than  their  diameters ;  that 
ail  objections  of  this  kind  vanish  when  we 
attend  to  the  continuation  of  the  impression 
upon  the  retina,  and  to  the  small  number  of 
luminous  particles  which  are  on  that  account 
necessary  for  producing  constant  vision.  For 
it  appears,  from  the  accurate  experiments  of 
M.  D'Arcy,  that  the  impression  of  light  upon 
the  retina  continues  eight  thirds,  and  as  a 
paiUcle  of  light  would  move  through  26,000 
miles  in  that  time,  constant  vision  would  be 
maintained  by  a  succession  of  luminous  par- 
ticles twenty-six  thousand  miles  distant  from 
each  other. 

Without  attempting  to  decide  on  the  merits 
of  these  two  hypotheses,  I  shall  leave  the 
reader  to  adopt  that  opinion  which  he  may 
judge  to  be  attended  with  the  fewest  difficul- 
ties, and  proceed  to  illustrate  some  of  the 
woperties  of  light ;  and  in  the  discussion  of 
•  Letters  to  a  German  Princess,  vol.  i.  p,  68,  &c. 
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this  subject  I  shall  generally  adhere  to  ih^ 
terms  employed  by  those  who  have  adopted 
the  hypothesis  of  the  emanation  of  light. 

1.  Light  emanates  or  radiates  from  lumi-' 
nous  bodies  in  a  straight  line.  This  property 
is  proved  by  the  impossibility  of  seeing  light 
through  bent  tubes,  or  small  holes  pierced  in 
metallic  plates  placed  one  behind  another,  ex- 
cept the  holes  be  placed  in  a  straight  line.  If 
we  endeavour  to  look  at  the  sun  or  a  candle 
through  the  bore  of  a  bended  pipe,  we  cannot 
perceive  the  object,  nor  any  light  proceeding 
from  it,  but  through  a  straight  pipe  the  object 
may  be  perceived.  This  is  likewise  evident 
from  the  form  of  the  rays  of  light  that  pene» 
trate  a  dark  room,  which  proceed  straight  for- 
ward in  lines  proceeding  from  the  luminous 
body;  and  from  the  form  of  the  shadows 
which  bodies  project  that  are  bounded  by  right 
lines  passing  from  the  luminous  body,  and 
meeting  the  lines  which  terminate  the  inter» 
posing  body.  This  property  may  be  demon- 
strated to  the  eye  by  causing  light  to  pass 
through  small  holes  into  a  dark  room  filled 
with  smoke  or  dust.  It  is  to  be  understood, 
however,  that  in  this  case  the  rays  of  light  are 
considered  as  passing  through  the  same  me- 
dium ;  for  when  they  pass  from  air  into  water, 
glass,  or  other  media,  they  are  bent  at  the 
point  where  they  enter  a  different  medium, 
as  we  shall  afterward  have  occasion  to  explain. 

2.  Light  moves  with  amazing  velocity. 
The  ancients  believed  that  it  was  propagated 
from  the  sun  and  other  luminous  bodies  m- 
stantaneously ;  but  the  observations  of  mo- 
dern astronomers  have  demonstrated  that  this 
is  an  erroneous  hypothesis,  and  that  light, 
like  other  projectiles,  occupies  a  certain  time 
in  passing  from  one  part  of  space  to  another. 
Its  velocity,  however,  is  prodigious,  and  ex- 
ceeds that  of  any  other  body  with  which  we 
are  acquainted.  It  flies  across  the  earth's 
orbit,  a  space  190  millions  of  miles  in  extent, 
in  the  course  of  sixteen  and  a  half  minutes, 
which  is  at  the  rate  of  192,000  miles  every 
second,  and  more  than  a  million  of  times 
swifter  than  a  cannon  ball  flying  witli  its 
greatest  velocity.  It  appears  from  the  disco- 
veries of  Dr.  Bradley,  respecting  the  aberra- 
tion of  the  stars,  that  light  flies  from  those 
bodies  with  a  velocity  similar,  if  not  exactly 
the  same ;  so  that  the  light  of  the  sun,  the 
planets,  the  stars,  and  every  luminous  body 
in  the  universe  is  propagated  with  uniforra 
velocity.*  But,  if  the  velocity  of  light  be  so 
very  great,  it  may  be  asked,  how  does  it  not 
strike  against  all  objects  with  a  force  equal  to 

*  The  manner  in  which  the  motion  of  light  was 
discovered  is  explained  in  the  author's  work,  en- 
titled, "  Celestial  Scenery  ;  and  the  circumstanoea 
which  led  to  the  discovery  of  the  aberration  of 
light  are  stated  and  illustrated  in  his  volume  oa 
the  "  Sidereal  Heavens." 
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its  velocity  1  If  the  finest  sand  were  thrown 
again^  our  bodies  with  the  hundredth  part  of 
this  velocity,  each  grain  would  pierce  us  as 
certainly  as  the  sharpest  and  swiftest  arrows 
from  a  bow.  It  is  a  principle  in  mechanics 
that  the  force  with  which  all  bodies  strike  is 
m  proportion  to  the  size  of  these  bodies,  or 
the  quantity  of  matter  they  contain,  multi- 
plied by  the  velocity  with  which  they  move. 
Therefore,  if  the  particles  of  light  were  not 
almost  infinitely  small,  they  would,  of  neces- 
sity, prove  destructive  in  the  highest  degree. 
If  a  particle  of  light  were  equal  in  size  to  the 
twelve  hundred  thousandth  part  of  a  small 
grain  of  sand — supposing  light  to  be  mate- 
rial—we should  be  no  more  able  to  withstand 
its  force  than  we  should  that  of  sand  shot 
point  blank  from  the  mouth  of  a  cannon. 
Every  object  would  be  battered  and  perforated 
by  such  celestial  artillery,  till  our  world  were 
laid  in  ruins,  and  every  living  being  destroy- 
ed. And  herein  are  the  wisdom  and  benevo- 
lence of  the  Creator  displayed  in  making  the 
particles  of  light  so  extremely  small  as  to  ren- 
der them  in  some  degree  proportionate  to  the 
greatness  of  the  force  with  which  they  are 
impelled  ;  otherwise,  all  nature  would  have 
been  thrown  into  ruin  and  confusion,  and  the 
great  globes  of  the  universe  shattered  to 
atoms. 

We  have  many  proofs,  besides  the  above, 
that  the  particles  of  light  are  next  to  infinitely 
small.  We  find  that  they  penetrate  with 
facility  the  hardest  substances,  such  as  crystal, 
glass,  various  kinds  of  precious  stones,  and 
even  the  diamond  itself,  though  among  the 
hardest  of  stones ;  for  such  bodies  could  not 
be  transparent,  unless  light  found  an  easy 
passage  through  their  pores.  When  a  candle 
is  lighted  in  an  elevated  situation,  in  the 
space  of  a  second  or  two  it  will  fill  a  cubical 
space  (if  there  be  no  interruption)  of  two 
miles  around  it,  in  every  direction,  with  lumi- 
nous particles,  before  the  least  sensible  part 
of  its  substance  is  lost  by  the  candle :  that  is, 
it  will  in  a  short  instant  fill  a  sphere  four 
miles  in  diameter,  twelve  and  a  half  miles  in 
circumference,  and  containing  thirty-three 
and  a  half  cubical  miles,  with  particles  of 
light;  for  an  eye  placed  in  any  part  of  this 
cubical  space  would  perceive  the  light  emitted 
by  the  candle.  It  has  been  calculated  that 
the  number  of  particles  of  light  contained  in 
such  a  space  cannot  be  less  than  four  hun- 
dred septillions — a  number  which  is  six  bil- 
lions of  times  greater  than  the  number  of 
grains  of  sand  which  could  be  contained  in 
the  whole  earth  considered  as  a  solid  globe, 
and  supposing  each  cubic  inch  of  it  to  con- 
tain ten  hundred  thousand  grains.  Such  is 
the  inconceivable  tenuity  of  that  substance 
which  emanates  fi'om  all  luminous   bodies, 


and  which  gives  beauty  and  splendour  to  the 
universe !  This  may  also  be  evinced  by  the 
following  experiment :  Make  a  small  pin-hole 
in  a  piece  of  black  paper,  and  hold  the  paper 
upright  facing  a  row  of  candles  placed  near 
each  other,  and  at  a  little  distance  behind  the 
black  paper  place  a  piece  of  white  paste- 
board.  On  this  pasteboard  the  rays  which 
flow  from  all  the  candles  through  the  small 
hole  in  the  black  paper,  will  form  as  many 
specks  of  light  as  there  are  candies,  each  speck 
being  as  clear  and  distinct  as  if  there  were 
only  one  speck  from  a  single  candle.  This 
experiment  shows  that  the  streams  of  light 
from  the  different  candles  pass  through  the 
small  hole  without  confusion,  and,  conse- 
quently, that  the  particles  of  light  are  ex- 
ceedingly small.  For  the  same  reason  we 
can  easily  see  through  a  small  hole  not  more 
than  yj-gth  of  an  inch  in  diameter,  the  sky, 
the  trees,  houses,  and  nearly  all  the  objects 
in  an  extensive  landscape,  occupying  nearly 
an  entire  hemisphere,  the  light  of  all  which 
may  pass  through  this  small  aperture. 

3.  Light  is  sent  foi^th  in  all  directions 
from  every  visible  point  of  luminous  bodies. 
If  we  hold  a  sheet  of  paper  before  a  candle, 
or  the  sun,  or  any  other  source  of  light,  we 
shall   find  that  the  paper  is  illuminated  in 
whatever  position  we  hold  it,  provided  the 
light  is  not  obstructed  by  its  edge  or  by  any 
other  body.     Hence,  wherever  a  spectator  is 
placed  with  regard  to  a  luminous  bod}'^,  every 
point  of  that  part  of  its  surface  which  is  to- 
ward him  will  be  visible,  when  no  intervening 
object  intercepts   the   passage    of  the  light. 
Hence,  likewise,  it  follows  that  the  sun  illu- 
minates not  only  an  immense  plane  extend- 
ing along  the  paths  of  the  planets,  from  the 
one  side  of  the  orbit  of  Uranus  to  the  other, 
but  the  whole  of  that  sphere,  or  sohd  space, 
of  which  the  distance  of  Uranus  is  the  radius. 
The  diameter  of  this  sphere  is  three  thousand 
six  hundred  millions  of  miles,  and  it  conse- 
quently contains  about  24,000,000,000,000,- 
000,000,000,000,000,  or  twenty-four  thousand 
quartillions  of  cubical  miles,  every  point  of 
which  immense  space  is  filled  with  the  solar 
beams.     Not  only  so,  but  the  whole  cubical 
space  which  intervenes  between  the  sun  and 
the  nearest  fixed  stars  is  more  or  less  illumi- 
nated by  his  rays.     For,  at  the  distance  oi 
Sirius,  or  any  other  of  the  nearest  stars,  the 
sun  would  be  visible,  though  only  as  a  small, 
twinkling  orb;  and,  consequently,  his  rays 
must  be  diffused,  however  faint,  throughout 
the  most  distant  spaces  whence  he  is  visible. 
The  diameter  of  this  immense  sphere  of  light 
cannot  be  less  than  forty  billions  of  miles, 
and  its  solid  contents  33,500,000,000,000,000,- 
000,000,000,000,000,000,000,000,  or  thirty- 
three  thousand  five   hundred  sextillions  of 
3  Q  (733) 
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cubical  miles.  All  this  immense  and  incom- 
prehensible space  is  filled  with  the  radiations 
of  the  solar  orb ;  for  were  an  eye  placed  in 
pny  one  point  of  it,  where  no  extraneous  body 
interposed,  the  sun  would  be  visible  either  as 
a  larg:e  luminous  orb,  or  as  a  small  twinkling 
star.  But  he  can  be  visible  only  by  the  rays 
he  emits,  and  which  enter  the  organs  of 
vision.  How  inconceivably  immense,  then, 
must  be  the  quantity  of  rays  which  are 
thrown  off  in  all  directions  from  that  luminary 
which  is  the  source  of  our  day !  Every  star 
must  likewise  be  considered  as  emitting  innu- 
merable streams  of  radiance  over  a  space 
equally  extensive;  so  that  no  point  in  the 
universe  can  be  conceived  where  absolute 
darkness  prevails,  unless  in  the  interior  re- 
gions of  planetary  bodies. 

4.  The  effect  of  light  upon  the  eye  is  not 
instantaneous,  but  continues  for  a  short 
space  of  time.  This  may  be  proved  and 
illustrated  by  the  following  examples:  if  a 
stick,  or  a  ball  connected  with  a  string,  be 
whirled  round  in  a  circle,  and  a  certain  de- 
gree of  velocity  given  it,  the  object  will  ap- 
pear to  fdl  the  whole  circle  it  describes.  If  a 
lighted  firebrand  be  whirled  round  in  the  same 
rapid  manner,  a  complete  circle  of  light  will 
be  exhibited.  This  experiment  obviously 
shows  that  the  impression  made  on  the  eye 
by  the  fight  from  the  ball  or  the  firebrand, 
when  in  any  given  point  of  the  circle,  is  sufii- 
ciently  lasting  to  remain  till  it  has  described 
the  whole  circle,  and  again  renews  its  effect 
as  often  as  the  circular  motion  is  continued. 
The  same  is  proved  by  the  following  consi- 
derations: we  are  continually  shutting  our 
eyes,  or  winking ;  and,  during  the  time  our 
eyes  are  shut  on  such  occasions,  we  should 
lose  the  view  of  surrounding  objects  if  the 
impression  of  light  did  not  continue  a  certain 
time  while  the  eyelid  covers  the  pupil ;  but 
experience  proves  that  during  such  vibrations 
of  the  eyelids  the  light  from  surrounding  ob- 
jects is  not  sensibly  intercepted.  If  we  look 
for  some  time  steadily  at  the  light  of  a  candle, 
and  particularly  if  we  look  directly  at  the 
sun,  without  any  interposing  medium,  or  if 
we  look  for  any  considerable  time  at  this  lu- 
minary through  a  telescope  with  a  coloured 
glass  interposed — >in  all  these  cases,  if  we 
shut  our  eyes  immediately  after  viewing  such 
objects,  we  shall  still  perceive  a  faint  image 
of  the  object  by  the  impression  which  its 
light  has  made  upon  our  eyes. 

"  With  respect  to  the  duration  of  the  im- 
pression of  light,  it  has  been  observed  that 
the  teeth  of  a  cog-wheel  in  a  clock  were  still 
visible  in  succession,  when  the  velocity  of  ro- 
tation brought  246  teeth  through  a  given  fixed 
point  in  a  second.  In  this  case  it  is  clear  that 
if  the  impression  made  on  the  eye  by  the  light 
(734^ 


reflected  from  any  tooth  had  lasted  withoi^ 
sensible  diminution  for  the  246th  part  of  a 
second,  the  teeth  would  have  formed  one  un™ 
broken  line,  because  a  new  tooth  would  have 
continually  arrived  in  the  place  of  the  interior 
one  before  its  image  could  have  disappeared^ 
If  a  live  coal  be  whirled  round,  it  is  observed 
that  the  luminous  circle  is  complete  when 
the  rotation  is  performed  in  the  f  ^th  part  of 
a  second.  In  this  instance  we  see  that  the 
impression  was  much  more  durable  than  the 
former.  Lastly,  if  an  observer  sitting  in  a 
room,  direct  his  sight,  through  a  window,  to  any 
particular  object  out  of  doors,  for  about  half  a 
minute,  and  then  shut  his  eyes  and  cover  them 
with  his  hands,  he  will  still  continue  to  see 
the  window,  together  with  the  outline  of  the 
terrestrial  objects  bordering  on  the  sky.  This 
appearance  will  remain  for  near  a  minute, 
though  occasionally  vanishing  and  changing 
colour  in  a  manner  that  brevity  forbids  our 
minutely  describing.  From  these  facts  we 
are  authorized  to  conclude  that  all  impressions 
of  light  on  the  eye  last  a  considerable  time ; 
that  the.  brightest  objects  make  the  most  last- 
ing impressions;  and  that,  if  the  object  be 
very  bright,  or  the  eye  weak,  the  impression 
may  remain  for  a  time  so  strong  as  to  mix 
with  and  confuse  the  subsequent  impressions 
made  by  other  objects.  In  the  last  case  the 
eye  is  said  to  be  dazzled  by  the  light."* 

The  following  experiment  has  likewise  been 
suggested  as  a  proof  the  impression  which 
light  makes  upon  the  eye  :  If  a  card,  on  both 
sides  of  which  a  figure  is  drawn,  for  example, 
a  bird  and  a  cage,  be  made  to  revolve  rapidly 
on  the  straight  line  which  divides  it  symmetric 
cally,  the  eye  will  perceive  both  figures  at  the 
same  time,  provided  they  return  successively  at 
the  same  place.  M.  D'Arcy  found  by  various 
experiments  that,  in  general,  the  impression 
which  light  produces  on  the  eye  lasts  about 
the  eighth  of  a  secand,  M.  Plateau,  of  Brus- 
sels, found  that  the  impression  of  different 
colours  lasted  the  following  periods,  the  num- 
bers here  stated  being  the  decimal  parts  of  a 
second :  flame,  0.242,  or  nearly  one-fourth 
of  a  second ;  burning  coal,  0.229 ;  white, 
0.182,  or  a  little  more  than  one-sixth  of  a 
second ;  blue,  0.186 ;  yellow,  0.173 ;  red,  0.184. 

6.  Light,  though  extremely  minute,  is  sup' 
posed  to  have  a  certain  degi-ee  of  force  or 
momentum.  In  order  to  prove  this,  the  late 
ingenius  Mr.  Mitchell  contrived  the  following 
experiment:  He  constructed  a  small  vane  in 
the  form  of  a  common  weathercock,  of  a  very 
thin  plate  of  copper,  about  an  inch  square, 
and  attached  to  one  of  the  finest  harpsicord 
wires  about  ten  inches  long,  and  nicely  ba« 
lanced  at  the  other  end  of  the  wire  by  a  graia 

**Nicholson*3  Introduction  to  Natural  Philoso- 
phy,  vol.  i. 
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of  /ery  small  shot.  The  instrument  had  also 
fixed  to  it  in  the  middle,  at  right  angles  to  the 
length  cf  the  wire,  and  in  a  horizontal  direc- 
tion, a  small  bit  of  a  very  slender  sewing  needle, 
about  half  an  inch  long,  which  was  made  mag- 
netical.  In  this  state  the  whole  instrument 
might  weigh  about  ten  grains.  The  vane 
was  supported  in  the  manner  of  the  needle  in 
tlie  mariner's  compass,  so  that  it  could  turn 
with  the  greatest  ease;  and  to  prevent  its 
being  affected  by  the  vibrations  of  the  air,  it 
was  inclosed  in  a  glass  case  or  box.  The  rays 
of  the  sun  were  then  thrown  upon  the  broad 
part  of  the  vane,  or  copper  plate,  from  a  con- 
cave mirror  of  about  two  feet  diameter,  which, 
passing  through  the  front  glass  of  the  box, 
were  collected  into  the  focus  of  the  mirror 
upon  the  copper  plate.  In  consequence  of 
this,  the  plate  began  to  move  with  a  slow  mo- 
tion of  about  an  inch  in  a  second  of  time,  till 
it  had  moved  through  a  space  of  about  two- 
inches  and  a  half,  when  it  struck  against  the 
back  of  the  box.  The  mirror  being  removed, 
the  instrument  returned  to  its  former  situation, 
and  the  rays  of  the  sun  being  again  thrown 
upon  it,  it  again  began  to  move,  and  struck 
against  the  back  of  the  box  as  before.  This 
was  repeated  three  or  four  times  with  the 
same  success. 

On  the  above  experiment  the  following  cal- 
culation has  been  founded  :  if  we  impute  the 
motion  produced  in  this  experiment  to  the 
impulse  of  the  rays  of  light,  and  suppose  that 
the  instrument  weighed  ten  grains,  and  ac- 
quired a  velocity  of  one  inch  in  a  second,  we 
shall  find  that  the  quantity  of  matter  con- 
tained in  the  rays  falling  upon  the  instrument 
in  that  time  amounted  to  no  more  than  one 
twelve  hundredth-millionth  part  of  a  grain, 
the  velocity  of  light  exceeding  the  velocity  of 
one  inch  in  a  second  in  the  proportion  of  about 
12,000,000,000  to  1.  The  light  in  this  expe- 
riment was  collected  from  a  surface  of  about 
three  square  feet,  which  reflecting  only  about 
half  what  falls  upon  it,  the  quantity  of  matter 
contained  in  the  rays  of  the  sun  incident  upon 
a  foot  and  a  half  of  surface  in  one  second  of 
time,  ought  to  be  no  more  than  the  twelve 
hundredth-milUonth  part  of  a  grain.  But  the 
density  of  the  rays  of  light  at  the  surface  of 
the  sun  is  greater  than  that  at  the  earth  in 
the  proportion  of  45,000  to  1 ;  there  ought, 
therefore,  to  issue  from  one  square  foot  of  the 
eun's  surface  in  one  second  of  time,  in  order 
to  supply  the  waste  by  light,  ^^  L^^th  part 
of  a  grain  of  matter,  that  is,  a  little  more  than 
two  grains  a  day,  or  about  4,752,000  grains, 
or  670  pounds  avoirdupois,  nearly,  in  6,000 
years ;  a  quantity  which  would  have  shortened 
the  sun's  diameter  no  more  than  about  ten 
feet,  if  it  were  formed  of  the  density  of  water 


If  the  above  experiment  be  considered  as 
having  been  accurately  performed,  and  if  the 
calculations  founded  upon  it  be  correct,  it 
appears  that  there  can  be  no  grounds  for 
apprehension  that  the  sun  can  ever  be  sensibly 
diminished  by  the  immense  and  incessant  radia- 
tions proceeding  from  his  body  on  the  suppo- 
sition that  light  is  a  material  emanation.  For 
the  diameter  of  the  sun  is  no  less  than  880,- 
000  miles ;  and,  before  this  diameter  could  be 
shortened,  by  the  emission  of  light,  one  Eng- 
lish mile,  it  would  require  three  millions  one 
hundred  and  sixty-eight  thousand  years,  at 
the  rate  now  stated ;  and,  before  it  could  be 
shortened  ten  miles,  it  would  require  a  period 
of  above  thirty-one  millions  of  years.  And 
although  the  sun  were  thus  actually  dimi- 
nished, it  would  produce  no  sensible  effect  or 
derangement  throughout  the  planetary  system. 
We  have  no  reason  to  believe  that  the  sys- 
tem, in  its  present  state  and  arrangements, 
was  intended  to  endure  for  ever ;  and  before 
that  luminary  could  be  so  far  reduced,  during 
the  revolutions  of  eternity,  as  to  produce  any 
irregularities  in  the  system,  new  arrangements 
and  modifications  might  be  introduced  by  the 
hand  of  the  All  Wise  and  Omnipotent  Crea- 
tor. Besides,  it  is  not  improbable  that  a  sys- 
tem of  means  is  established  by  which  the  sun 
and  all  the  luminaries  in  the  universe  receive 
back  again  a  portion  of  the  light  which  they 
are  continually  emitting,  either  from  the 
planets  from  whose  surfaces  it  is  reflected,  oar 
from  the  miUions  of  stars  whose  rays  are  con- 
tinually traversing  the  immense  spaces  of 
creation,  or  from  some  other  sources  to  us 
unknown. 

6.  The  intensity  of  light  is  diminished  m 
proportion  to  the  square  of  the  distance  from 
the  luminous  body.  Thus,  a  person  at  two 
feet  distance  fi*om  a  candle,  has  only  the 
fourth  part  of  the  light  he  would  have  at  on© 
foot ;  at  three  feet  distance,  the  ninth  part ;  at 
four  feet,  the  sixteenth  part ;  at  five  feet,  the 
twenty-fifth  part;  and  so  on  for  other  dis- 
tances. Hence  the  light  received  by  the 
planets  of  the  solar  system  decreases  in  pro- 
portion to  the  squares  of  the  distances  of  these 
bodies  from  the  sun.  This  may  be  illustrated 
be  the  following  figure  : 

Fig.  L 


Suppose  the  light  which  flows  from  a  point,  A. 
and  passes  through  a  square  hole,  B,  is  re- 
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ceived  upon  a  plane,  C,  parallel  to  the  plane  of 
the  hole — or  let  the  figure  Cbe  considered  as 
the  shadow  of  the  plane  B.  When  the  distance 
of  C  IF  double  of  B,  the  length  and  breadth  of 
the  shadow,  C,  will  be  each  double  of  the  length 
and  breadth  of  the  plane  B,  and  treble  when 
^  jD  is  treble  of  A  B,  and  so  on,  which  may 
be  easily  examined  by  the  light  of  a  candle 
placed  at  A.  Therefore  the  surface  of  the 
shadow  C,  at  the  distance  A  C — double  of  A 
B,  is  divisible  into  four  squares,  and,  at  a  treble 
distance,  into  nine  squares,  severally  equal  to 
the  square  Bj  as  represented  in  the  figure. 
The  light,  then,  which  falls  upon  the  plane  B 
being  suffered  to  pass  to  doable  that  distance, 
will  be  uniformly  spread  over  four  times  the 
space,  and,  consequently,  will  be  four  times 
thinner  in  every  part  of  that  space.  And,  at 
a  treble  distance,  it  will  be  nine  times  thinner, 
and,  at  a  quadruple  distance,  sixteen  times 
thinner  than  it  was  at  first.  Consequently, 
the  quantities  of  this  rarefied  light  received 
upon  a  surface  of  any  given  size  and  shape, 
when  removed  successively  to  their  several 
distances,  will  be  but  one-fourth,  one-ninth, 
one-sixteenth  of  the  whole  quantity  received 
by  it  at  the  first  distance,  A  B. 

In  conformity  with  this  law,  the  relative 
quantities  of  light  on  the  surfaces  of  the  pla- 
nets may  be  easily  determined  when  their 
distances  from  the  sun  are  known.  Thus, 
the  distance  of  Uranus  from  the  sun  is  1,800,- 
000,000  miles,  which  is  about  nineteen  times 
greater  than  the  distance  of  the  earth  from 
the  same  luminary.  The  square  of  19  is 
361 ;  consequently,  the  earth  enjoys  361 
times  the  intensity  of  light,  when  compared 
with  that  of  Uranus;  in  other  words,  this 
distant  planet  enjoys  only  the  -^^j  part  of  the 
quantity  of  light  which  falls  upon  the  earth. 
This  quantity,  however,  is  equivalent  to  the 
hght  we  should  enjoy  from  the  combined 
effulgence  of  348  full  moons ;  and  if  the  pu- 
pils of  the  eyes  of  the  inhabitants  of  this 
planet  be  much,  larger  than  ours,  and  the  re- 
Una  of  the  eye  be  endued  with  a  much 
greater  degree  of  nervous  sensibility,  they 
may  perceive  objects  with  as  great  a  degree 
of  splendour  as  we  perceive  on  the  objects 
which  sui round  us  in  this  world.  Following 
out  the  same  principle,  we  find  that  the 
quantity  of  light  enjoyed  by  the  planet  Mer-» 
cury  is  nearly  seven  times  greater  than  that 
of  the  Earth,  and  that  of  Venus  nearly  double 
of  what  we  enjoy ;  that  Mars  has  less  than 
the  one-half;  Jupiter  the  one- twenty-seventh 
part ;  and  Saturn  only  the  one-ninetieth  part 
of  the  light  which  falls  upon  the  Earth.  That 
the  hght  of  these  distant  planets,  however,  is 
not  so  weak  as  we  might  at  first  imagine,  ap- 
pears from  the  brilHancy  they  exhibit,  when 
viewed  in  our  nocturnal  sky,  either  with  the 
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telescope  or  with  the  unassisted  eye;  and 
likewise  from  the  circumstance  that  a  very 
small  portion  of  the  Sun — such  as  the  one- 
fortieth  or  one-fiftieth  part — diffuses  a  quan* 
tity  of  light  sufficient  for  most  of  the  purposes 
of  life,  as  is  found  in  the  case  of  total  eclipses 
of  the  Sun,  when  his  western  limb  begins 
to  be  visible,  only  like  a  fine  luminous  thread, 
for  his  light  is  then  sufficient  to  render  dis- 
tinctly visible  all  the  parts  of  the  surrounding 
landscape. 

7.  It  is  hy  light  reflected  from  opaque 
bodies  that  most  of  the  objects  around  us  are 
rendered  visible.  When  a  lighted  candle  is 
brought  into  a  dark  room,  not  only  the  can- 
dle, but  all  other  bodies  in  the  room  become 
visible.  Rays  of  the  sun,  passing  into  a 
dark  room,  render  luminous  a  sheet  of  paper 
on  which  they  fall,  and  this  sheet,  in  its  turn, 
enlightens,  to  a  certain  extent,  the  whole 
apartment,  and  renders  objects  in  it  visible  so 
long  as  it  receives  the  rays  of  the  sun.  In 
like  manner,  the  moon  and  the  planets  are 
opaque  bodies,  but  the  light  of  the  sun  falling 
upon  them,  and  being  reflected  from  their 
surfaces,  renders  them  visible.  Were  no 
light  to  fall  on  them  from  the  sun,  or  were 
they  not  endued  with  a  power  of  reflecting  it, 
they  would  be  altogether  invisi])le  to  our  sight. 
When  the  moon  comes  between  us  and  the 
sun,  as  in  a  total  eclipse  of  that  luminary,  as 
no  solar  Hght  is  reflected  from  the  surface 
next  the  earth,  she  is  invisible,  only  the  curve 
or  outline  of  her  figure  being  distinguished  by 
her  shadow.  In  this  case,  however,  there  is 
a  certain  portion  of  reflected  light  on  the 
lunar  hemisphere  next  the  earth,  though  not 
distinguishable  during  a  solar  eclipse.  The 
earth  is  enlightened  by  the  sun,  and  a  por- 
tion of  the  rays  which  fall  upon  it  is  reflected 
upon  the  dark  hemisphere  of  the  moon  which 
is  then  towards  the  earth.  This  reflected 
light  from  the  earth  is  distinctly  perceptible, 
when  the  moon  appears  as  a  slender  crescent, 
two  or  three  days  after  new  moon — ^when  the 
earth  reflects  its  light  back  on  the  moon,  in 
the  same  manner  as  the  full  moon  reflects  her 
light  on  the  earth.  Hence,  even  at  this  pe- 
riod of  th«  moon,  her  whole  face  becomes 
visible  to  us,  but  its  light  is  not  uniform  or  of 
equal  intensity.  The  thin  crescent  on  which 
the  full  blaze  of  the  solar  light  falls,  is  very 
brilliant  and  distinctly  seen,  while  the  other 
part,  on  which  falls  only  a  comparatively 
feeble  light  from  the  earth,  appears  very  faint, 
and  is  little  more  than  visible  to  the  naked 
eye,  but  with  a  telescope  of  moderate  power — - 
if  the  atmosphere  be  very  clear — it  appears 
beautifully  distinct,  so  that  the  relative  posi- 
tions of  many  of  the  lunar  spots  may  be  dis« 
tinguished. 

The   intensity  of  reflected  light  is  very 
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small,  wlien  compared  with  that  which  pro- 
ceeds! directly  from  luminous  bodies.  M. 
Bouguer,  a  French  philosopher,  who  made  a 
variety  of  experiments  to  ascertain  the  pro- 
portion of  light  emitted  by  the  heavenly  bo- 
dies, concluded,  from  these  experiments,  that 
the  light  transmitted  from  the  sun  to  the 
earth  is  at  least  300,000  times  as  great  as 
that  which  descends  to  us  from  the  full  moon, 
and  that,  of  300,000  rays  which  the  moon 
receives,  from  170,000  to  200,000  are  ab- 
sorbed. Hence  we  find  that,  however  bril- 
liant the  moon  may  appear  at  night,  in  the 
daytime  she  appears  as  obscure  as  a  small 
portion  of  dusky  cloud  to  which  she  happens 
to  be  adjacent,  and  reflects  no  more  light  than 
a  portion  of  whitish  cloud  of  the  same  size. 
And  as  the  full  moon  fills  only  the  ninety- 
thousandth  part  of  the  sky,  it  would  require 
at  least  ninety  thousand  moons  to  produce  as 
much  light  as  we  enjoy  in  the  daytime  under 
a  cloudy  sky. 

As  the  moon  and  the  planets  are  rendered 
visible  to  us  only  by  light  reflected  fi'om  their 
surfaces,  so  it  is  in  the  same  way  that  the 
images  of  most  of  the  objects  around  us  are 
conveyed  to  our  organs  of  vision.  We  be- 
hold all  the  objects  which  compose  an  exten- 
sive landscape — the  hills  and  vales,  the  woods 
and  lawns,  the  lakes  and  rivers,  and  the  habi- 
tations of  man — in  consequence  of  the  capa- 
city with  which  they  are  endued  of  sending 
forth  reflected  rays  to  the  eye,  from  every 
point  of  their  surfaces  and  in  all  directions. 
In  connexion  with  the  reflection  of  light,  the 
following  curious  observation  may  be  stated  : 
Baron  Funk,  visiting  some  silver  mines  in 
Sweden,  observed,  that,  "  in  a  clear  day,  it 
was  as  dark  as  pitch  under  ground  in  the  eye 
of  a  pit,  at  sixty  or  seventy  fathoms  deep; 
whereas,  in  a  cloudy  or  rainy  day,  he  could 
see  to  read  even  at  106  fathoms  deep.  In- 
quiring of  the  miners,  he  was  informed  that 
this  is  always  the  case ;  and  reelecting  upon 
it,  he  imagined  it  arose  from  this  circum- 
stance, that,  when  the  atmosphere  is  full  of 
clouds,  light  is  reflected  irom  them  into  the 
pit  in  all  directions,  and  that  thereby  a  consi- 
derable proportion  of  the  rays  are  reflected 
perpendicularly  upon  the  earth :  whereas, 
wheti  the  atmosphere  is  clear,  there  are  no 
opaque  bodies  to  reflect  the  light  in  this 
manner,  at  least  in  a  suflicient  quantity ; 
and  rays  from  the  sun  himself  can  never 
fall  perpendicularly  in  that  country."  The 
reason  here  assigned  is,  in  all  probability, 
the  true  cause  of  the  phenomenon  now 
described. 

8.  It  is  supposed  by  some  philosophers 
that  light  is  subject  to  the  same  laws  of  at- 
traction  that  gomrn  all  other  material  sub- 
stances, -md  that  it  is  imbibed  and  forms  a 
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constituent  part  of  certain  Jjodies,  This  has 
been  inferred  from  the  phenomena  of  the 
Bolognian  stone,  and  what  are  generally 
called  the  solar phosphori.  The  Bolognian 
stone  was  first  discovered  about  the  year 
1630,  by  Leascariolo,  a  shoemaker  of  Bo- 
logna. Having  collected  together  some  stones 
of  a  shining  appearance  at  the^  bottom  of 
Monte  Paterno,  and  being  in  quest  of  some 
alchemical  secret,  he  put  them  into  a  crucible 
to  calcine  them ;  that  is,  to  reduce  them  to 
the  state  of  cinders.  Having  taken  them  out 
of  the  crucible,  and  exposed  them  to  the  light 
of  the  sun,  he  afterward  happened  to  carry 
them  into  a  dark  place,  when,  to  his  surprise, 
he  observed  that  they  possessed  a  self-illumi- 
nating power,  and  continued  to  emit  faint 
rays  of  light  for  some  hours  afterward.  In 
consequence  of  this  discovery,  the  Bolognian 
spar  came  into  considerable  demand  among 
natural  philosophers,  and  the  curious  in  gene- 
ral ;  and  the  best  way  of  preparing  it  seems 
to  have  been  hit  upon  by  the  family  of  Za- 
goni,  who  supplied  all  Europe  with  Bolog- 
nian phosphorus  till  the  discovery  of  more 
powerful  phosphoric  substances  put  an  end  to 
their  monopoly.  In  the  year  1677,  Baldwin, 
a  native  of  Misnia,  observed  that  chalk,  dis- 
solved in  aquafortis,  exactly  resembled  the 
Bolognian  stone  in  its  property  of  imbibing 
light,  and  emitting  it  after  it  was  brought 
into  the  dark ;  and  hence  it  has  obtained  the 
name  of  Baldwin's  phosphorus. 

In  1730  M.  Du  Fay  directed  his  attention 
to  this  subject,  and  observed  that  all  earthy 
substances  susceptible  of  calcination,  either 
by  mere  fire,  or  when  assisted  by  the  previous 
action  of  nitrous  acid,  possessed  the  property 
of  becoming  more  or  less  luminous,  when 
calcined  and  exposed  for  a  short  time  in  the 
light ;  that  the  most  perfect  of  these  phosphori 
were  limestones,  and  other  kinds  of  carbon- 
ated lime,  gypsum,  and  particularly  the  topaz, 
and  that  some  diamonds  were  also  observed 
to  be  luminous  by  simple  exposure  to  the 
sun's  rays.  Some  time  afterward  Beccaria 
discovered  that  a  great  variety  of  other  bodies 
were  convertible  into  phosphori  by  exposure 
to  the  mere  light  of  the  sun,  such  as  organic 
animal  remains,  most  compound  salts,  nitre 
and  borax — all  the  farinaceous  and  oily  seeds 
of  vegetable  substances,  all  the  gums  and 
several  of  the  resins — the  white  woods  and 
vegetable  fibre,  either  in  the  form  of  paper  or 
linen ;  also  starch  and  loaf-sugar  proved  to  be 
good  phosphori,  after  being  made  thoroughly 
dry,  and  exposed  to  the  direct  rays  ot  the 
sun.  Certain  animal  substances  by  a  similar 
treatment  were  also  converted  into  phosphor: ; 
particularly  bone,  sinew,  glue,  hair,  horn, 
hoof,  feathers,  and  fish-shells.  The  same 
property  was  communicated  to  rock  crystal 
3q2  (737j 
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and  some  otlier  of  the  gems,  by  rubbing  them 
against  each  other  so  as  to  roughen  their  sur- 
iRces,  and  then  placing  them  for  some  minutes 
in  the  focus  of  a  lens,  by  which  the  rays  of 
light  were  concentrated  upon  them  at  the 
same  time  that  they  were  also  moderately 
heated. 

In  the  year  1768  Mr.  Canton  contributed 
some  important  facts  in  relation  to  solar 
phosphori,  and  communicated  a  method  of 
preparing  a  very  pov/erful  one,  which,  after 
tlie  inventor,  is  usually  called  Canton's  phos- 
phorus. He  affirms  that  his  phosphorus, 
inclosed  in  a  glass  flask,  and  hermetically 
sealed,  retains  its  property  of  becoming  lumi- 
nous for  at  least  four  years,  without  any 
apparent  decrease  of  activity.  It  has  also 
been  found  that,  if  a  common  box  smoothing- 
iron,  heated  in  the  usual  manner,  be  placed 
for  half  a  minute  on  a  sheet  of  dry,  white 
paper,  and  the  paper  be  then  exposed  to  the 
light,  and  afterward  examined  in  a  dark 
closet,  it  will  be  found  that  the  whole  paper 
will  be  luminous,  that  part,  however,  on  which 
the  iron  had  stood  being  much  more  shining 
than  the  rest. 

From  the  above  facts  it  would  seem  that 
certain  bodies  have  the  power  of  imbibing 
light  and  again  emitting  it,  in  certain  circum- 
stances, and  that  this  power  may  remain  for 
a  considerable  length  of  time.  It  is  observed 
that  the  light  which  such  bodies  emit  bears 
an  analogy  to  that  which  they  have  imbibed. 
In  general,  the  illuminated  phosphorus  is 
1  eddish ;  but  when  a  weak  light  only  has  been 
admitted  to  it,  or  when  it  has  been  received 
through  pieces  of  white  paper,  the  emitted 
light  is  pale  or  whitish.  Mr.  Morgan,  in  the 
seventy-fifth  volume  of  the  Philosophical 
Transactions,  treats  the  subject  of  light  at 
considerable  length ;  and  as  a  foundation  for 
Ms  reasoning,  he  assumes  the  following  data  : 
1.  That  light  is  a  body,  and,  like  all  others, 
jsubject  to  the  laws  of  attraction.  2.  That 
light  is  a  heterogeneous  body,  and  that  the 
same  attractive  power  operates  with  different 
degrees  of  force  on  its  different  parts.  To 
the  principle  of  attraction,  likewise,  Sir  Isaac 
Neivton  has  referred  the  most  extraordinary 
phenomena  of  light,  Refraction  and  Inflection. 
He  has  also  endeavoured  to  show  that  light 
IS  not  only  subject  to  the  law  of  attraction, 
but  of  repulsion  also,  since  it  is  repelled  or 
reflected  from  certain  bodies.  If  such  princi- 
ples be  admitted,  then  it  is  highly  probable 
that  the  phosphorescent  bodies  to  which  we 
have  adverted  have  a  power  of  attracting  or 
imbibing  the  substance  of  light,  and  of  retain- 
ing or  .giving  it  out  under  certain  circum- 
stanceSj.and  ;that  the  matter  of  light  is  in- 
corporated, at  least,  with  the  surface  of  such 
l>odies ;  but  on  this  subject,  as  on  many  others, 
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9.  Light  is  found  to  produce  a  remarkable 
effect  on  plants  and  flowers,  and  other  vege^ 
table  prodactions.  Of  all  the  phenomena 
which  living  vegetables  exhibit,  there  are  few 
that  appear  more  extraordinary  than  the 
energy  and  constancy  with  which  their  stems 
incline  towards  the  light.  Most  of  the  dis- 
cous  flowers  follow  the  sun  in  his  course. 
They  attend  him  to  his  evening  retreat,  and 
meet  his  rising  lustre  in  the  morning  wit  h  the 
same  unerring  lavi^.  They  unfold  their 
flowers  on  the  approach  of  this  luminary ; 
they  follow  his  course  by  turning  on  their 
stems,  and  close  them  as  soon  as  he  disap- 
pears. If  a  plant,  also,  is  shut  up  in  a  dark 
room,  and  a  small  hole  afterward  opened  by 
which  the  light  of  the  sun  may  enter,  the 
plant  will  turn  towards  that  hole,  and  even 
alter  its  own  shape  in  order  to  get  near  it ;  so 
that  though  it  was  straight  before,  it  will  in 
time  become  crooked,  that  it  may  get  near 
the  Hght.  Vegetables  placed  in  rooms  where 
they  receive  light  only  in  one  direction,  always 
extend  themselves  in  that  direction.  If  they 
receive  light  in  two  directions,  they  direct 
their  course  towards  that  which  is  strongest. 
It  is  not  the  heat,  but  the  light  of  the  sun 


*  Light  of  a  phosphoric  nature  is  frequently 
emitted  from  various  putrescentauimal  substances, 
which,  in  the  ages  of  superstition,  served  to 
astonish  and  affright  the  timorous.  We  learn 
from  Fabricius,  an  Italian,  that  three  5'oung  men, 
residing  at  Padua,  having  bought  a  lamb,  and 
eaten  part  of  it  on  Easter  Day,  1592,  several 
pieces  of  the  remainder,  which  they  l^ept  till  the 
following  day,  shone  like  so  many  candles  when 
they  were  casually  viewed  in  the  dark.  *l'he 
astonishment  of  the  whole  city  was  e.xcited  by 
this  phenomenon,  and  a  part  of  the  flesh  was  sent 
to  Fabricius,  who  was  professor  of  anatomy,  to  be 
examined  by  him.  He  observed  that  those  parts 
which  were  soft  to  the  touch  and  tranc-parent  in 
candle-light  were  the  most  resplendent ;  and  also 
that  some  pieces  of  kid's  flesh  which  had  hap 
pened  to  have  lain  in  contact  with  them  were 
luminous,  as  well  as  the  fingers  and  other  parts  o. 
the  bodies  of  those  persons  w])o  touciied  them 
Bartholin  gives  an  account  of  a  similar  pheno- 
menon, which  happened  in  Montpelier,  in  1641. 
A  poor  woman  had  bought  a  piece  of  flesh  in  tht 
market,  intending  to  make  use  of  it  on  the  follow 
ing  day;  but  happening  not  to  be  able  to  sleep 
well  that  night,  and  her  bed  and  pantry  beimr  in 
the  same  room,  she  observed  so  much  light  come 
from  the  flesh  as  to  illuminate  all  the  place  where 
it  hung.  We  may  judge  of  the  terror  and  astonish 
ment  of  the  woman  herself,  when  we  find  that  a 
part  of  this  luminous  flesh  was  carried  as  a  very 
extraordinary  curiosity  to  Ilenry,  duke  of  Conde, 
the  governor  of  the  place,  who  viewed  it  several 
hours  with  the  greatest  astonishment.  The  light 
was  as  if  gems  had  been  scattered  over  the  sur- 
face, and  continued  til!  <,he  flesh  began  to  putrefy, 
when  it  vanished,  which  it  was  believed  to  do  in 
the  form  of  a  cross,  Hence  the  propriety  of  in- 
structing the  mass  of  the  community  in  the  know- 
ledge of  the  facts  connected  with  the  materia? 
system,  and  the  physical  causes  of  the  various 
piienoiiieui  of  nature. 
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whi/ih  the  plant  thus  covets ;  for,  though  a 
Sre  be  kept  in  the  room,  capable  of  giving  a 
much  stronger  heat  than  the  sun,  the  plant 
will  turn  away  from  the  fire  in  order  to  en- 
joy the  solar  light.  Trees  growing  in  thick 
forests,  where  they  only  receive  light  from 
above,  direct  their  shoots  almost  invariably 
upward,  and  therefore  become  much  taller 
and  less  spreading  than  such  as  stand  single. 

The  green  colour  of  plants  is  likewise 
found  to  depend  on  the  sun's  light  being 
allowed  to  shine  on  them ;  for  without  the  in- 
fluence of  the  solar  light  they  are  always  of  a 
white  colour.  It  is  found  by  experiment 
that,  if  a  plant  which  has  been  reared  in  dark- 
ness be  exposed  to  the  light  of  day,  in  two  or 
three  days  it  will  acquire  a  green  colour  per- 
ceptibly similar  to  that  of  plants  which  have 
grown  in  open  daylight.  If  we  expose  to  the 
light  one  part  of  the  plant,  whether  leaf  or 
branch,  this  part  alone  will  become  green. 
If  we  cover  any  part  of  a  leaf  with  an  opaque 
substance,  this  place  will  remain  white,  while 
the  rest  becomes  green.  The  whiteness  of  the 
inner  leaves  of  cabbages  is  a  partial  effect  of 
the  same  cause,  and  many  other  examples 
of  the  same  kind  might  easily  be  produced. 
M.  Decandolie,  who  seems  to  have  paid  par- 
ticular attention  to  this  subject,  has  the  follow- 
ing remarks  :  "  It  is  certain,  that  between  the 
white  state  of  plants  vegetating  in  darkness, 
and  complete  verdure,  every  possible  inter- 
mediate degree  exists,  determined  by  the  in- 
tensity of  the  light.  Of  this  any  one  may 
easily  satisfy  himself  by  attending  to  the 
colour  of  a  plant  exposed  to  the  full  daylight ; 
it  exhibits  in  succession  all  the  degrees  of 
verdure.  I  had  already  seen  the  same  pheno- 
menon, in  a  particular  manner,  by  exposing 
plants  reared  in  darkness  to  the  light  of  lamps, 
in  these  experiments,  I  not  only  saw  the 
colour  come  on  gradually,  according  to  the 
continuance  of  the  exposure  to  light,  but  I 
satisfied  myself  that  a  certain  intensity  of  per- 
manent light  never  gives  to  a  plant  more  than 
a  certain  degree  of  colour.  The  same  fact 
readily  shows  itself  in  nature,  when  we  ex- 
amine the  plants  that  grow  under  shelter  or 
in  forests,  or  when  we  examine  in  succession 
the  state  of  the  leaves  that  form  the  heads, 
of  cabbages."* 

It  is  likewise  found  that  the  perspiration 
of  vegetables  is  increased  or  diminished  in  a 
certain  measure  by  the  degree  of  light  which 
falls  upon  them.  The  experiments  of  Mr.  P. 
Miller  and  others  prove  that  plants  uniformly 
perspire  most  in  the  forenoon,  though  the 
temperature  of  the  air  in  which  they  are 
placed  should  be  unvaried.  M.  Guettard 
likewise  informs  us  that  a  plant  exposed  to 
the  rays  of  the  sun  has  its  perspiration  in- 
*  Memoires  de  la  Soc.  d'AronciL  vol.  ii. 


creased  to  a  much  greater  degree  than  if  it 
had  been  exposed  to  the  same  heat  under  the 
shade.  Vegetables  are  likewise  found  to  be 
indebted  to  light  for  their  smell,  taste,  com- 
bustibility, maturity,  and  the  resinous  princi«' 
pie,  which  equally  depend  upon  this  fluid. 
The  aromatic  substances,  resins,  and  volatile 
oil  are  the  productions  of  southern  climates, 
where  the  light  is  more  pure,  constant,  and 
intense.  In  fine,  another  remarkable  property 
of  light  on  the  vegetable  kingdom  is  that, 
when  vegetables  are  exposed  to  open  day- 
light, or  to  the  sun's  rays,  they  emit  oxygen 
gas,  or  vital  air.  It  has  been  proved  that,  in 
the  production  of  this  effect,  the  sun  does  not 
act  as  a  body  that  heats.  The  emission  of 
the  gas  is  determined  by  the  light :  pure  air 
is  therefore  separated  by  the  action  of  light, 
and  the  operation  is  stronger  as  the  light  is 
more  vivid.  By  this  continual  emission  of 
vital  air,  the  Almighty  incessantly  purifies 
the  atmosphere,  and  repairs  the  loss  of  pure 
air  occasioned  by  respiration,  combustion, 
fermentation,  putrefaction,  and  numerous 
other  processes  which  have  a  tendency  to 
contaminate  this  fluid,  so  essential  to  the 
vigour  and  comfort  of  animal  life ;  so  that,  in 
this  way,  by  the  agency  of  light,  a  due  equi- 
librium is  always  maintained  between  the 
constituent  parts  of  the  atmosphere. 

In  connexion  with  this  subject  the  follow- 
ing curious  phenomenon  may  be  stated,  as 
related  by  M.  Haggern,  a  lecturer  on  Natural 
History  in  Sweden.  One  evening  he  per- 
ceived a  faint  flash  of  light  repeatedly  dart 
from  a  marigold.  Surprised  at  such  an  un- 
common appearance,  he  resolved  to  examine 
it  with  attention ;  and,  to  be  assured  it  was 
no  deception  oi  the  eye,  he  placed  a  man 
near  him,  with  orders  to  make  a  signal  at  the 
moment  when  he  observed  the  light.  They 
both  saw  it  constantly  at  the  same  moment. 
The  light  was  most  brilliant  on  marigolds  of 
an  orange  or  flame  colour,  but  scarcely  visible 
on  pale  ones.  The  flash  was  frequently  seen 
on  the  same  flower  two  or  three  times  iji 
quick  succession,  but  more  commonly  at  in- 
tervals of  several  min;ites;  and  when  several 
flowers  in  the  same  place  emitted  their  light 
together,  it  could  be  observed  at  a  con- 
siderable distance.  The  phenomenon  was 
remarked  in  the  months  of  July  an(3  August 
at  sunset,  and  for  half  an  hour  when  the  at» 
mosphere  was  clear  ;  but  after  a  rainy  day,  or 
when  the  air  was  loaded  with  vapours,  nothmg 
of  it  was  seen.  The  following  flowers  emit» 
ted  flashes  more  or  less  vivid,  in  this  order : 
1.  The  Marigold.  2.  Monk's  Hood.  3.  The 
Orange  Lily.  4.  The  Indian  Pink.  As  to 
the  cause  of  this  phenomenon,  different  opi- 
nions m.ay  be  entertained.  From  the  rapidity 
of  the  flash  and  other  circumstances,  it  may 
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be  conjectured  thut  electricity  is  concerned 
ill  producing  this  appearance.  M.  Haggern, 
after  having  observed  the  flash  from  the 
orange  hly,  the  antherae  of  v^hich  are  at  con- 
siderable distance  from  the  petals,  found  that 
the  light  proceeded  from  the  petals  only; 
whence  he  concludes  that  this  electrical  light 
is  caused,  by  the  pollen,  which,  in  flying  off, 
is  scattered  on  the  petalse  But,  perhaps,  the 
tn5e  cause  of  it  still  remains  to  be  ascertained. 

10.  Light  has  been  supposed  to  produce  a 
certain  degree  of  influence  on  the  propaga- 
TiO]Pf  OF  soUiSri).  M.  Parolette,  in  a  long 
paper  in  the  "  Journal  de  Physique,''  vol.  68, 
which  is  copied  into  "  Nicholson's  Philosophi- 
cal Journal,"  vol.  25,  p.  28-39,  has  offered  a 
variety  of  remarks,  and  detailed  a  number  of 
experiments  on  this  subject.  The  author 
states  the  following  circumstances  as  having 
suggested  the  connexion  between  light  and 
sound  :  "  In  1803  I  lived  in  Paris,  and  being 
accustomed  to  rise  before  day  to  finish  a  work 
on  which  I  had  long  been  employed,  I  found 
myself  frequently  disturbed  by  the  sound  of 
carriages,  as  my  windows  looked  into  one  of 
the  most  frequented  streets  in  that  city.  This 
circumstance,  which  disturbed  me  in  my 
studies  every  morning,  led  me  to  remark  that 
the  appearance  of  daybreak  peculiarly  affected 
the  propagation  of  the  sound ;  from  dull  and 
deep,  which  it  was  before  day,  it  seemed  to 
me  to  acquire  a  more  sonorous  sharpness  in 
the  period  that  succeeded  the  dissipation  of 
darkness.  The  rolling  of  the  wheels  seemed 
to  announce  the  friction  of  some  substances 
grown  more  elastic  ;  and  my  ear,  on  attending 
to  it,  perceived  this  difference  diminish  in 
proportion  as  the  sound  of  wheels  was  con- 
founded with  those  excited  by  the  tumult  of 
objects  quitting  their  nocturnal  silence.  Struck 
with  this  observation,  I  attempted  to  discover 
whether  any  particular  causes  had  deceived 
my  ears.  I  rose  several  times  before  day  for 
this  purpose  alone,  and  was  every  time  con- 
firmed in  my  suspicion  that  light  must  have  a 
peculiar  influence  on  the  propagation  of  sound. 
This  variation,  however,  in  the  manner  in 
which  the  air  gave  sounds,  might  be  the  effect 
of  the  agitation  of  the  atmosphere  produced 
by  the  rarefaction  the  presence  of  the  sun  oc- 
casioned ;  but  the  situation  of  my  windows, 
and  the  usual  direction  of  the  morning  breeze, 
militated  against  this  argument." 

I'he  author  then  proceeds  to  give  a  descrip- 
tion of  a  very  delicate  instrument,  and  various 
apparatus  for  measuring  the  propagation  and 
intensity  of  sound,  and  the  various  experi- 
ments both  in  the  dark  and  in  daylight,  and 
likewise  under  different  changes  of  the  atmo- 
sphere, which  were  made  with  his  apparatus, 
all  of  which  tended  to  prove  that  light  had  a 
sensible  influence  in  the  propagation  of  sound. 
(740) 


But  the  detail  of  these  experiments  and  thei? 
several  results  would  be  too  tedious  to  be  here 
transcribed.  The  night  has  generally  been 
considered  as  more  favourable  than  the  day 
for  the  transmission  of  sound.  "  That  this  is 
the  case,"  says  Parolette,  "  with  respect  to 
our  ears  cannot  be  doubted :  but  this  argues 
nothing  against  my  opinion.  We  hear  fur- 
ther by  night  on  account  of  the  silence,  and 
this  always  contributes  to  it,  while  the  noise 
of  a  wind  favourable  to  the  propagation  of  a 
sound  may  prevent  the  sound  from  being 
heard."  In  reference  to  the  cause  which  pro- 
duces the  effect  now  stated,  he  proposes  the 
following  queries:  "Is  the  atmospheric  air 
more  dense  on  the  appearance  of  light  than  in 
darkness  1  Is  this  greater  density  of  the  air, 
or  of  the  elastic  fluid  that  is  subservient  to 
the  propagation  of  sound,  the  effect  of  aeri- 
form substances  kept  in  this  state  through  the 
medium  of  light?"  He  is  disposed,  on  the 
whole,  to  conclude  that  the  effect  in  question 
is  owing  to  the  action  of  light  upon  the  oxy- 
gen of  the  atmosphere,  since  oxygen  gas  is 
found  by  experiment  to  be  best  adapted  to 
the  transmission  of  sound. 

Our  author  concludes  his  communication 
with  the  following  remarks:  "Light  has  a 
velocity  900,000  times  as  rapid  as  that  of 
sound.  Whether  it  emanate  from  the  sun 
and  reach  to  our  earth,  or  act  by  means  of  vi- 
brations agitating  the  particles  of  a  fluid  of  a 
peculiar  nature,  the  particles  of  this  fluid  must 
be  extremely  light,  elastic,  and  active.  Nor 
does  it  appear  to  me  unreasonable  to  ascribe 
to  the  mechanical  action  of  these  particles 
set  in  motion  by  sun  the  effects  its  pre- 
sence occasions  in  the  vibrations  that  proceed 
from  sonorous  bodies.  The  more  deeply  we 
investigate  the  theory  of  light,  the  more  we 
must  perceive  that  the  powers  by  which  the 
universe  is  moved  reside  in  the  imperceptible 
particles  of  bodies  ;  and  that  the  grand  results 
of  nature  are  but  an  assemblage  of  an  order 
of  actions  that  take  place  in  its  infinitely  small 
parts;  consequently,  we  cannot  institute  a 
series  of  experiments  more  interesting  than 
those  which  tend  to  develope  the  properties  of 
light.  Our  organs  of  sense  are  so  immediately 
connected  with  the  fluid  that  enfightens  us, 
that  a  notion  of  having  acquired  an  idea  of 
the  mode  of  action  of  this  fluid  presents  itself 
to  our  minds,  as  the  hope  of  a  striking  ad» 
vance  in  the  knowledge  of  what  composes  the 
organic  mechanism  of  our  life,  and  of  that  of 
beings  which  closely  follow  the  rank  assigned 
to  the  human  species.'' 

Such  is  a  brief  description  of  some  of  the 
leading  properties  of  light.  Of  all  the  objects 
that  present  themselves  to  the  philosophic  and 
contemplative  mind,  light  is  one  of  the  noblest 
and  most  interesting.     The  action  it  exerts 
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^?  ?'^}  }^^  combinations  of  matter,  its  extreme  proaches  the  equinox  in  spring,  the  animal 
divisibility,  the  rapidity  of  its  propagation,  and  vegetable  tribes  revive  and  nature  puts 
the  subhme  w^onders  it  reveals,  and  the  office  on  a  nev^  and  a  smiling  aspect  When  he 
it  performs  in  vv^hat  constitutes  the  life  of  or-  declines  tow^ards  the  vv^inter  solstice,  dreari- 
ganic  beings,  lead  us  to  consider  it  as  a  sub-  ness  and  desolation  ensue,  and  a  temporary 
stance  acting  the  first  part  in  the  economy  of  death  takes  place  among  the  tribes  of  tho 
nature.  The  magic  pov^er  which  this  ema-  vegetable  v^orld.  This  splendid  luminary, 
nation  from  the  heavens  exerts  on  our  organs  w^hose  light  embellishes  the  whole  of  this 
of  vision,  in  exhibiting  to  our  view  the  sub-  lower  creation,  forms  the  most  lively  repre- 
lime  spectacle  of  the  universe,  cannot  be  suffi-  sentation  of  Him  who  is  the  source  and  th@ 
ciently  admired.  Nor  is  its  power  confined  centre  of  all  beauty  and  perfection.  "  God  is 
to  the  organs  of  sight ;  all  our  senses  are,  in  a  sun,"  the  sun  of  the  moral  and  spiritual 
a  greater  or  less  degree,  subjected  to  the  action  universe,  from  whom  all  the  emanations  of 
of  light,  and  all  the  objects  in  this  lower  ere-  knowledge,  love,  and  felicity  descend.  "  He 
ation — whether  in  the  animal,  the  vegetable,  covereth  himself  with  light  as  with  a  gar- 
or  the  mineral  kingdoms — are,  to  a  certain  ment,"  and  "  dwells  in  hght  inaccessible  and 
extent,  susceptible  of  its  influence.  Our  full  of  glory."  The  felicity  and  enjoyments 
globe  appears  to  be  little  more  than  an  accu-  of  the  future  world  are  adumbrated  under  the 
mulation  of  terrestrial  materials  introduced  ideas  of  light  and  glory.  «  The  glory  of  God 
into  the  boundless  ocean  of  the  solar  lights  as  enhghtens  the  celestial  city  ;"  its  inhabitants 
a  theatre  on  which  it  may  display  its  exhaust-  are  represented  as  "  the  saints  in  light/'  it 
less  power  and  energy,  and  give  animation,  is  declared  that  "  their  sun  shall  no  more  go 
beauty,  and  sublimity  to  every  surrounding  down,"  and  that  "  the  Lord  God  is  their  ever- 
scene,  and  to  regulate  all  the  powers  of  na-  lasting  light,''  So  that  light  not  only  cheers 
ture,  and  render  them  subservient  to  the  pur-  and  enlivens  all  beings  throughout  the  mate- 
poses  for  which  they  were  ordained.  This  rial  creation,  but  is  the  emblem  of  the  Eter- 
elementary  substance  appears  to  be  universal  nal  Mind,  and  of  all  that  is  delightful  and 
in  its  movements  and  in  its  influence.  It  de-  transporting  in  the  scenes  of  a  blessed  immor- 
scends  to  us  from  the  solar  orb.     It  wings  its    tahty. 

way  through  the  voids  of  space,  along  a  In  the  formation  of  light,  and  the  benefi- 
course  of  ninety-five  millions  of  miles,  till  it  cent  effects  it  produces,  the  wisdom  and 
arrives  at  the  outskirts  of  our  globe ;  it  passes  goodness  of  the  Almighty  are  conspicuously 
freely  through  the  surrounding  atmosphere ;  displayed.  Without  the  beams  of  the  sun 
it  strikes  upon  the  clouds,  and  is  reflected  by  and  the  influence  of  light,  what  were  all  the 
them ;  it  irradiates  the  mountains,  the  vales,  realms  of  this  world  but  an  undistinguished 
the  forests,  the  rivers,  the  seas,  and  all  the  chaos  and  so  many  dungeons  of  darkness] 
productions  of  the  vegetable  kingdom,  and  In  vain  should  we  roll  our  eyes  around  to  be- 
adorns  them  with  a  countless  assemblage  of  hold,  amid  the  universal  gloom,  the  flowery 
colours.  It  scatters  and  disperses  its  rays  fields,  the  verdant  plains,  the  flowing  streams, 
from  one  end  of  creation  to  another,  diffusing  the  expansive  ocean,  the  moon  walking  in 
itself  throughout  every  sphere  of  the  universe,  brightness,  the  planets  in  their  courses,  or  the 
It  flies  without  intermission  from  star  to  star,  innumerable  host  of  stars.  All  would  be  lost 
and  fi-om  suns  to  planets,  throughout  the  to  the  eye  of  man,  and  the  "blackness  of 
boundless  sphere  of  immensity,  forming  a  con-  darkness"  would  surround  him  for  ever.  And 
necting  chain  and  a  medium  of  communica-  with  how  much  wisdom  has  every  thing  been 
tion  among  all  the  worlds  and  beings  within  arranged  in  relation  to  the  motions  and  mi- 
the  wide  empire  of  Omnipotence.  nuteness  of  light  ?     Were  it  capable  of  being 

When  the  sun  is  said  "  to  rule  over  the  transformed  into  a  solid  substance,  and  retain 
day,"  it  is  intimated  that  he  acts  as  the  vice-  its  present  velocity,  it  would  form  the  most 
gerent  of  the  Almighty,  who  has  invested  dreadfiil  and  appalling  element  in  nature,  and 
him  with  a  mechanical  power  of  giving  light,  produce  universal  terror  and  destruction 
life,  and  motion  to  all  the  beings  susceptible  throughout  the  universe.  That  this  is  not 
of  receiving  impressions  from  his  radiance,  impossible,  and  could  easily  be  effected  by 
As  the  servant  of  his  Creator,  he  distributes  the  hand  of  Omnipotence,  appears  from  such 
blessings  without  number  among  all  the  tribes  substances  as  phosphorus,  where  light  is  sup- 
of  sentient  and  intelligent  existence.  When  posed  to  be  concentrated  in  a  sohd  state.  But 
his  rays  illumine  the  eastern  sky  in  the  morn-  in  all  its  operations  and  effects,  as  it  is  now 
ing,  all  nature  is  enlivened  with  his  presence,  directed  by  unerring  wisdom  and  beneficence, 
When  he  sinks  beneath  the  western  horizon,  it  exhibits  itself  as  the  most  benign  and  de- 
the  flowers  droop,  the  birds  retire  to  their  lightful  element  connected  with  the  constitu- 
nests,  and  a  mantle  of  darkness  is  spread  over  tion  of  the  material  system,  diflfusing  splendour 
the  landscape  of  the  world.     When  he  ap-    and  felicity  wherever  its  influence  extends. 
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CHAPTER  V. 
On  the  Refraction  of  Light, 


Reiractio?^  is  the  turning  or  bending  of 
the  rays  of  Hght  out  of  their  natural  course. 

Light,  when  proceeding  from  a  luminous 
jjody — without  being  reflected  fi'om  any  opaque 
substance  or  inflected  by  passing  near  one — 
is  invariably  found  to  proceed  in  straight  lines 
without  the  least  deviation.  But  if  it  hap- 
pens to  pass  obliquely  from  one  medium  to 
another,  it  always  leaves  the  direction  it  had 
before  and  assumes  a  new  one.  This  change 
of  direction,  or  be7iding  of  the  rays  of  light, 
is  what  is  called  Refraction — a  term  which 
probably  had  its  origin  from  the  broken  ap- 
pearance which  a  staff  or  a  long  pole  exhibits 
when  a  portion  of  it  is  immersed  in  water — 
the  word,  derived  from  the  Latin /m?2^o,  lite- 
rally signifying  breaking  or  bending. 

When  light  is  thus  refracted,  or  has  taken 
a  new  direction,  it  then  proceeds  invariably 
in  a  straight  line  till  it  meets  with  a  different 
medium,*  when  it  is  again  turned  out  of  its 
course.  It  must  be  observed,  however,  that 
though  we  may  by  this  means  cause  the  rays 
of  light  to  make  any  number  of  angles  in 
their  course,  it  is  impossible  for  us  to  make 
them  describe  a  curve,  except  in  one  single 
case,  namely,  where  they  pass  through  a  me- 
dium, the  density  of  which  either  uniformly 
increases  or  diminishes.  This  is  the  case 
with  the  Hght  of  the  celestial  bodies,  which 
passes  downward  through  our  atmosphere, 
and  likewise  with  that  which  is  reflected  up- 
ward through  ij  by  terrestrial  objects.  In 
both  these  cases  it  describes  a  curve  of  the 
hyperbolic  kind  ;  but  at  all  other  times  it  pro- 
ceeds in  straight  lines,  or  in  what  may^  be 
taken  for  straight  lines  without  any  sensible 
error. 

There  are  two  circumstances  essential  to 
refraction.  L  That  the  rays  of  light  shall 
pass  out  of  one  medium  into  another  of  a  dif- 
ferent density,  or  of  a  greater  or  less  degree 
of  resistance.  2.  That  they  pass  in  an  o^- 
lique  direction.  The  denser  the  refracting 
medium,  or  •  that  into  which  the  ray  enters, 
the  greater  will  be  its  refracting  power ;  and 
of  two  refracting  mediums  of  the  same  den- 
sity, that  which  is  of  an  oily  or  inflammable 
nature  will  have  a  greater  refracting  power 
*  By  a  raedium,  in  optics,  is  meant  the  space  in 
which  a  ray  of  light  moves,  whether  pure  space, 
uir,  water,  glass,  diamond,  or  any  other  transpa- 
rent substance  through  which  the  rays  of  light 
can  pass  in  straight  lines. 
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than  the  other.  The  nature  of  refraction  may 
be  more  particularly  explained  and  illustratea 
by  the  following  figure  and  description  : 

LetADH  I,  fig.  2,  be  a  body  of  water,  A 
D  its  surface,  C  a  point  in  which  a  ray  of 
light,  B  C,  enters  from  the  air  into  the  water. 
This  ray,  by  the  greater  density  of  the  water,  in- 
stead of  pass- 
Fig.  2.  ing  straight 
forward  in  its 
first  direction 
to  K,  will  be 
bent  at  the 
point  C,  and 
pass  along  in 
the  direction 
C  E,  which 
s.-=^^  is  called  the 
i  refracted  ray 
Let  the  line 
F  G  he  drawn  perpendicular  to  the  surface 
of  the  water  in  C,  then  it  is  evident  that  the 
ray  B  C,  in  passing  out  of  air,  a  rare  me- 
dium, into  a  dense  medium,  as  water,  is  re- 
fi-acted  into  a  ray  C  E,  which  is  nearer  to 
the  perpendicular  C  G  than  the  incident  ray 
B  C,  and,  on  the  contrary,  the  ray  E  O, 
passing  out  of  a  denser  medium  into  a  rarer, 
will  be  refracted  into  C  B,  which  is  further 
from  the  perpendicular. 

The  same  thing  may  be'  otherwise  illus- 
trated as  follows :  Suppose  a  hole  made  hi 
one  of  the  sides  of  the  vessel,  as  at  a,  and  a 
lighted  candle  placed  within  two  or  three  feet 
of  it,  when  empty,  so  that  its  flame  may  be 
at  L,  a  ray  of  light  proceeding  from  it  will 
pass  through  the  hole,  a,  in  a  straight  line, 
L  B  C  K,  till  it  reach  the  bottom  of  the  ves- 
sel at  K,  where  it  will  form  a  small  circle  of 
light.  Having  put  a  mark  at  the  point  if, 
pour  water  into  the  vessel  till  it  rise  to  the 
height  A  D,  and  the  round  spot  that  was  for- 
merly at  K  will  appear  at  E ;  that  is,  the  ray 
which  went  straight  forward,  when  the  vessel 
was  empty,  to  K,  has  been  bent  at  the  point 
C,  where  it  falls  into  the  water,  into  the  line 
C  E.  In  this  experiment^it  is  necessary  that 
the  front  of  the  vessel  should  be  of  glass,  in 
order  that  the  course  of  the  ray  may  be  seen ; 
and  if  a  little  soap  be  mixed  with  the  water 
so  as  to  give  it  a  little  mistiness,  the  ray  C  E 
will  be  distinctly  perceived.  If,  in  place  of 
fi-esh  water,  we  pour  in  salt  water,  it  will  bs 
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found  that  the  ray  B  C  is  more  bent  at  C. 
in  like  manner,  alculiol  will  refract  the  ray  B 
C  more  than  salt  water,  and  oil  more  than 
alcohol,  and  a  piece  of  soUd  glass,  of  the  shape 
of  the  water,  would  refract  the  light  still  more 
than  the  oil. 

The  angle  of  refraction  depends  on  the 
obliquity  of  the  rays  failing  on  the  refracting 
surface  being  always  such,  that  the  sine  of  the 
incident  angle  is  to  the  sine  of  the  refracted 
angle  in  a  given  proportion.  The  incident 
angle  is  the  angle  made  by  a  ray  of  light  and 
a  line  drawn  perpendicular  to  the  refracting 
surface,  at  the  point  where  the  light  enters 
the  surface.  The  refracted  angle  is  the  angle 
made  by  the  ray  in  the  refracting  medium 
with  the  same  perpendicular  produced.  The 
sine  of  the  -angle  is  a  line  which  serves  to 
measure  the  angle,  being  drawn  from  a  point 
in  one  leg  perpendicular  to  the  other.  The 
following  figure  (fig.  3)  will  tend  to  illustrate 
fV  «!e  definitions. 

Fig.  3. 


G-  E         K 


In  this  figure,  B  C  h  the  incident  ray,  C 
^  the  refracted  ray,  D  G  the  perpendicular, 
A  D  the  sine  of  the  angle  of  incidence  A  C 
D,  and  H  R  the  sine  of  the  angle  of  refraction 
G  C  E.  Now,  it  is  a  proposition  in  optics, 
that  the  sine  A  D  of  the  angle  of  incidence 
B  C  D  is  either  accurately  or  very  nearly  in 
a  given  proportion  to  the  sine  H  R  of  the 
angle  of  refraction  G  C  E.  This  ratio  of  the 
sines  is  as  four  to  three,  when  the  refraction 
is  made  out  of  air  into  water,  that  is,  A  D  is 
to  H  R  as  four  to  three.  When  the  refrac- 
tion is  out  of  air  into  glass,  the  proportion  is 
about  as  thirty-one  to  twenty,  or  nearly  as 
three  to  two.  If  the  refraction  be  out  of  air 
into  diamond,  it  is  as  five  to  two,  that  is  A 
D  :  II  R  :  :  5  :  2.  The  denser  tbe  medium 
is,  the  less  is  the  angle  and  sine  of  refraction. 
If  a  ray  of  light,  31  C,  were  to  pass  from  air 
into  water,  or  from  empty  space  into  air,  in 
^.he  direction  31  C  perpendicular  to  the  plane 
N  0,  which  separates  the  two  mediums,  it 
would  suffer  no  refraction,  because  one  of  the 


essentials  to  that  effect  is  wanting,  namely 
the  ohllquity  of  the  incidence. 

It  may  also  be  proper  to  remark  that  a  ray 
of  light  cannot  pass  out  of  a  denser  medium 
into  a  rarer,  if  the  angle  of  incidence  exceed 
a  certain  limit.  Thus  a  ray  of  light  will  not 
pass  out  of  glass  into  air,  if  the  angle  of  in- 
cidence exceed  40°  ll' ;  or  out  of  glass  into 
water,  if  the  angle  of  incidence  exceed  69° 
20^  In  such  cases  refraction  will  be  changed 
into  reflection. 

The  following  common  experiments,  which 
are  easily  performed,  will  illustrate  the  doctrine 
of  refraction ;  Put  a  shilling,  or  any  other 
small  object  which  is  easily  distinguished,  into 
a  basin  or  any  other  similar  vessel,  and  then 
retire  to  such  a  distance  as  that  the  edge  of 
the  vessel  shall  just  hide  it  from  your  sight. 
If  then  you  cause  another  person  to  fill  the 
vessel  with  water,  you  will  find  that  the 
shining  is  rendered  perfectly  visible,  although 
you  have  not  in  the  slightest  degree  changed 
your  position.  The  reason  of  this  is,  that 
the  rays  of  light,  by  which  it  is  rendered 
visible  are  bent  out  of  their  course.  Thus, 
suppose  the  shilling  to  have  been  placed  in 
tb'  jottom  of  the  basin  at  E  (fig.  2,)  the  ray 
of  light  B  C  which  passes  obliquely  from  the 
air  into  water  at  C,  instead  of  continuing  its 
course  to  K,  takes  the  direction  of  C  E,  and, 
consequently,  an  object  at  E  would  be  ren- 
dered visible  by  rays  proceeding  in  that  di- 
rection, when  they  would  not  have  touched 
it  had  they  proceeded  in  their  direct  course. 

The  same  principle  is  illustrated  by  the 
following  experiment :  Place  a  basin  or  square 
box  on  a  table,  and  a  candle  at  a  small  dis- 
tance from  it ;  lay  a  small  rod  or  stick  across 
the  sides  of  the  basin,  and  mark  the  place 
where  the  extremity  of  the  shadow  falls,  by 
placing  a  shilling  or  other  object  at  the  point ; 
then  let  water  be  poured  into  the  basin,  and 
the  shadow  v^ill  then  fall  much  nearer  to  the 
side  next  tiie  candle  than  before.  This  ex- 
periment may  likewise  be  performed  by  simply 
observing  the  change  produced  on  the  shadow 
of  the  side  of  the  basin  itself.  Again,  put  a 
long  stick  obliquely  into  deep  water,  and  the 
stick  will  seem  to  be  broken  at  the  point 
where  it  appears  at  the  surface  of  the  water, 
the  part  which  is  immersed  in  the  water  ap° 
pearing  to  be  bent  upward.  Hence  every 
one  must  have  observed  that,  in  rowing  a  boat, 
the  ends  of  the  oars  appear  bent  or  broken 
every  time  they  are  immersed  in  the  water, 
and  their  appearance  at  such  times  is  a  repre- 
sentation of  the  course  of  the  refracted  rayj^. 
Again,  fill  a  pretty  deep  jar  with  water,  and 
you  will  observe  the  bottom  of  the  jar  con- 
siderably elevated,  so  that  it  appears  much 
shallower  than  it  did  before  the  water  was 
poured  in,  in  the  proportion  of  nearly  a  third 
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of  its  depth,  which  is  owing  to  the  same  cause 
as  that  which  makes  the  end  of  a  stick  im- 
mersed in  water  appear  more  elevated  than  it 
would  do  if  there  were  no  refraction.  An- 
other experiment  may  he  just  mentioned. 
Put  a  sixpence  in  a  wine-glass,  and  pour  upon 
it  a  little  water.  When  viewed  in  a  certain 
position,  two  sixpences  will  appear  in  the 
glass — one  image  of  the  sixpence  from  below, 
which  comes  directly  to  the  eye,  and  another 
which  appears  considerably  raised  above  the 
other,  in  consequence  of  the  rays  of  light  rising 
through  the  water,  and  being  refracted.-  In 
this  experiment  the  wine-glass  should  not  be 
more  than  half  filled  with  water. 

The  refraction  of  light  explains  the  causes 
of  many  curious  and  interesting  phenomena 
both  in  the  heavens  and  on  the  earth.  When 
we  stand  on  the  banks  of  a  river,  and  look 
obliquely  through  the  waters  to  its  bottom, 
we  are  apt  to  think  it  is  much  shallower  than 
it  really  is.  If  it  be  eight  feet  deep  in  reality,  it 
will  appear  from  the  bank  to  be  only  six  feet; 
if  it  be  five  feet  and  a  half  deep,  it  will  ap- 
pear only  about  four  feet.  This  is  owing  to 
the  effects  of  refraction,  by  which  the  bottom 
of  the  river  is  apparently  raised  by  the  refrac- 
tion of  the  light  passing  through  the  water 
into  air,  so  as  to  make  the  bottom  appear 
higher  than  it  really  is,  as  in  the  experiment 
with  the  jar  of  water.  This  is  a  circumstance 
of  some  importance  to  be  known  and  attended 
to  in  order  to  personal  safety  ;  for  many  school- 
boys and  other  young  persons  have  lost  their 
lives  by  attempting  to  ford  a  river,  the  bottom 
of  which  appeared  to  be  within  their  reach 
when  they  viewed  it  from  its  banks;  and 
even  adult  travellers  on  horseback  have  some- 
times fallen  victims  to  this  optical  deception ; 
and  this  is  not  the  only  case  in  which  a 
knowledge  of  the  laws  of  nature  may  be  use- 
fiil  in  guarding  us  against  dangers  and  fatal 
accidents. 

It  is  likewise  owing  to  this  refractive  power 
in  water  that  a  skilful  marksman,  who  wishes 
to  shoot  fish  under  water,  is  obliged  to  take 
aim  considerably  below  the  fish  as  it  appears, 
because  it  seems  much  nearer  the  top  of  the 
water  than  it  really  is.  An  acquaintance 
with  this  property  of  light  is  particularly  use- 
ful to  divers,  for,  in  any  of  their  movements 
or  operations,  should  they  aim  directly  at  the 
object,  they  would  arrive  at  a  point  consider- 
ably beyond  it;  whereas,  by  having  some 
idea  of  the  depth  of  the  water,  and  the  angle 
which  a  line  drawn  from  the  eye  to  the  object 
makes  with  its  surface,  the  point  at  the  bottom 
of  the  water,  between  the  eye  and  the  object 
at  which  the  aim  is  to  be  taken,  may  be 
easily  determined.  For  the  same  reason,  a 
person  below  water  does  not  see  objects  dis- 
tinctly. For,  as  the  aqueous  humour  of  the 
C744) 


eye  has  the  same  refractive  power  as  watctj 
the  rays  of  light  from  any  object  under  water 
will  undergo  no  refraction  in  passing  through 
the  cornea  and  aqueous  humour,  and  will 
therefore  meet  in  a  point  far  behind  the 
retina.  But  if  any  person,  accustomed  to  go 
below  water,  should  use  a  pair  of  spectacles, 
consisting  of  two  convex  lenses,  the  radius  of 
whose  surface  is  three  tenths  of  an  inch — • 
which  is  nearly  the  radius  of  the  convexity 
of  the  cornea — he  will  see  objects  as  distinctly 
below  water  as  above  it. 

It  is  owing  to  refraction  that  w(}  cannot 
judge  so  accurately  of  magnitudes  and  dis- 
tances in  water  as  in  air.  A  fish  looks  con- 
siderably larger  in  water  than  when  taken 
out  of  it.  An  object  plunged  vei^tically  into 
water  always  appears  contracted,  and  the 
more  so  as  its  upper  extremity  approaches 
nearer  the  surface  of  the  water.  Everything 
remaining  in  the  same  situation,  if  we  take 
the  object  gradually  out  of  the  water,  and  it 
be  of  a  slender  form,  we  shall  see  it  become 
larger  and  larger,  by  a  rapid  developement,  as 
it  were,  of  all  its  parts.  The  distortion  of 
objects,  seen  through  a  crooked  pane  of  glass 
in  a  window,  likewise  arises  from  its  unequal 
refraction  of  the  rays  that  pass  through  it. 
It  has  been  calculated  that,  in  looking  through 
the  common  glass  of  a  window,  objects  appear 
about  the  one-thirtieth  of  an  inch  out  of  their 
real  place,  by  means  of  the  refraction. 

Refraction  likewise  produces  an  effect  upon 
the  heavenly  bodies,  so  that  their  apparent 
positions  are  generally  different  from  their 
real.  By  the  refi-active  power  of  the  atmo- 
sphere, the  sun  is  seen  before  he  comes  to  the 
horizon  in  the  morning,  and  after  he  sinks 
beneath  it  in  the  evening ;  and  hence  this  lu- 
minary is  never  seen  in  the  place  in  which  it 
really  is,  except  when  it  passes  the  zenith  at 
noon,  to  places  within  the  torrid  zone.  The 
sun  is  visible  when  actually  thirty-two  minutes 
of  a  degree  below  the  horizon,  and  when  the 
opaque  rotundity  of  the  earth  is  interposed 
between  our  eye  and  that  orb,  just  on  the 
same  principle  as,  in  the  experiment  with  the 
shining  and  basin  of  water,  the  shilling  was 
seen  when  the  edge  of  the  basin  interposed 
between  it  and  the  sight.  The  refractive 
power  of  the  atmosphere  has  been  found  to 
be  much  greater,  in  certain  cases,  than  what 
has  been  now  stated.  In  the  year  1595,  a 
company  of  Dutch  sailors  having  been  wrecked 
on  the  shores  of  Nova  Zembia,  and  having 
been  obfiged  to  remain  in  that  desolate  region 
during  a  night  of  more  than  three  montlis, 
beheld  the  sun  make  his  appearance  in  the 
horizon  about  sixteen  days  before  the  time  in 
which  he  should  have  risen  according  to  cal- 
culation, and  when  his  body  was  actually 
more  than  four  degrees  belo  t  the  horizon ; 
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which  circumstance  has  been  attributed  to 
the  great  refractive  power  of  the  atmosphere 
in  those  intensely  cold  regions.  This  refrac- 
tion of  the  atmosphere,  which  renders  the  ap- 
parent rising  and  setting  of  the  sun  both 
earUer  and  later  than  the  real,  produces,  at 
least,  one  important  beneficial  effect.  It  pro- 
cures for  us  the  benefit  of  a  much  longer  day, 
at  all  seasons  of  the  year,  than  we  should  en- 
joy did  not  this  property  of  the  atmosphere 
produce  this  eftect.  It  is  owing  to  the  same 
cause  that  the  disks  of  the  sun  and  moon  ap- 
pear elliptical  or  oval  when  seen  in  the  hori- 
zon, their  horizontal  diameters  appearing 
longer  than  their  vertical,  which  is  caused  by 
the  greater  refraction  of  the  rays  coming  from 
che  lower  limb,  which  is  immersed  in  the  den- 
sest part  of  the  atmosphere. 

The  illumination  of  the  heavens  which 
precedes  the  rising  of  the  sun,  and  continues 
some  time  after  he  is  set,  or  what  is  commonly 
called  the  morning  and  evening  twilight,  is 
likewise  produced  by  the  atmospherical  re- 
fraction, which  circumstance  forms  a  very 
pleasing  and  beneficial  arrangement  in  the 
system  of  nature.  It  not  only  prolongs  to  us 
the  influence  of  the  solar  light,  and  adds 
nearly  two  hours  to  the  length  of  our  day, 
but  prevents  us  fromi  being  transported  all  at 
once  from  the  darkness  of  midnight  to  the 
splendour  of  noonday,  and  from  the  efful- 
gence of  day  to  the  gloom  and  horrors  of  the 
night,  which  would  bewilder  the  traveller  and 
navigator  in  their  journeys  by  sea  or  land, 
and  strike  the  living  world  with  terror  and 
amazement. 

The  following  figure  will  illustrate  the  po- 
sition now  stated,  and  the  manner  in  which 
the  refraction  of  the  atmosphere  produces 
these  effects :  Let  A  a  C,  fig.  4,  represent 
one-half  of  our  globe,  and  the  dark  space  be- 
tween that  curve  and  B  r  D,  the  atmosphere. 
A  person  standing  on  the  earth's  surface  at  a 
would  see  the  sun  rise  at  h,  when  that  lumi- 
nary was  in  reality  only  at  c,  more  than  half 

Fig.  4. 


a  dcgreo'below  the  horizon.     When  the  rays 

of  the  sun,  after  having  proceeded  in  a  straight 

line  through  empty  space,  strike  the  upper 
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part  of  the  atmosphere  at  the  point  d,  they 
are  bent  out  of  their  right-lined  course  by  the 
refraction  of  the  atmosphere,  into  the  direction 
d  a,  so  that  the  body  of  the  sun,  though  ac- 
tually intercepted  by  the  curve  of  the  earth^a 
convexity,  consisting  of  a  dense  mass  of  land 
or  water,  is  actually  beheld  by  the  spectator 
at  a.  The  refractive  power  of  the  atmosphere 
gradually  diminishes  from  the  horizon  to  the 
zenith,  and  increases  from  the  zenith  to  the 
horizon,  in  proportion  to  the  density  of  its 
different  strata,  being  densest  at  its  lower  ex- 
tremity next  the  earth,  and  more  rare  towards 
its  higher  regions.  If  a  person  at  a  had  the 
sun,  e,  in  his  zenith,  he  would  see  him  where 
he  really  is ;  for  his  rays  coming  perpendicu- 
larly through  the  atmosphere,  would  be 
equally  attracted  in  all  directions,  and  would, 
therefore,  suffer  no  inflection.  But,  about 
two  in  the  afternoon,  he  would  see  the  sun 
at  {,  though,  in  reality,  he  was  at  k,  thirty- 
three  seconds  lower  than  his  apparent  situa- 
tion. At  about  four  in  the  afternoon  he 
would  see  him  at  w,  when  he  is  at  n,  one 
minute  and  thirty-eight  seconds  from  his  ap- 
parent situation.  But  at  six  o'clock,  when 
we  shall  suppose  he  sets,  he  will  be  seen  at  o, 
though  he  is  at  that  time  at  p,  more  than 
thirty-two  minutes  below  the  horizon.  These 
phenomena  arise  from  the  different  refractive 
powers  of  the  atmosphere  at  different  eleva- 
tions, and  from  the  obliquity  with  which  the 
rays  of  light  fall  upon  it ;  for  we  see  every 
object  along  that  line  in  which  the  rays  from 
it  are  directed  by  the  last  medium  through 
which  they  passed. 

The  same  phenomena  happen  in  relation 
to  the  moon,  the  planets,  the  comets,  the 
stars,  and  every  other  celestial  body,  all  of 
which  appear  more  elevated,  especially  when 
near  the  horizon,  than  their  true  places.  The 
variable  and  increasing  refraction  from  the 
zenith  to  the  horizon  is  a  source  of  considera- 
ble trouble  and  difficulty  in  making  astrono- 
mical observations,  and  in  nautical  calcula- 
tions; for,  in  order  to  determine  the  real 
altitudes  of  the  heavenly  bodies,  the  exact 
degree  of  refraction  at  the  observed  elevation 
must  be  taken  into  account.  To  the  same 
cause  we  are  to  ascribe  a  phenomenon  that 
has  sometimes  occurred,  namely,  that  the 
moon  has  been  seen  rising  totally  eclipsed, 
while  the  sun  was  still  visible  in  the  opposite 
quarter  of  the  horizon.  At  the  middle  of  a 
total  eclipse  of  the  moon,  the  sun  and  moon 
are  in  opposition,  or  180  degrees  asunder; 
and,  therefore,  were  no  atmosphere  surround- 
ing the  earth,  these  luminaries,  in  such  a  po- 
sition, could  never  be  seen  above  the  horizon 
at  the  same  time.  But,  by  the  refraction  of 
the  atmosphere  near  the  horizon,  the  bodies 
of  the  sun  and  moon  are  raised  more  than  32 
3  R  (746) 
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minutes  above  their  true  places,  which  is 
equal,  and  sometimes  more  than  equal,  to  the 
apparent  diameters  of  these  bodies. 

Extraordinary  Cases  of  Refraction  in  Reia" 
tion  to  Terrestrial  Ohjects> 

In  consequence  of  the  accidental  conden- 
sation of  certain  strata  of  the  atmosphere, 
some  ver}^  singular  effects  have  been  pro- 
duced in  the  apparent  elevation  of  terrestrial 
objects  to  a  position  much  beyond  that  in 
which  they  usually  appear.  The  following 
instance  is  worthy  of  notice.  It  is  taken  from 
the  Philosophical  Transactions  of  London  for 
1798,  and  was  communicated  by  W.  Latham, 
Esq.,  F.R.S.,  who  observed  the  phenomenon 
from  Hastings,  on  the  south  coast  of  Eng- 
land: "On  July  26,  1797,  about  five  o'clock 
in  the  afternoon,  as  I  was  sitting  in  my 
dining-room  in  this  place,  which  is  situated 
upon  the  Parade,  close  to  the  seashore,  nearly 
fronting  the  south,  my  attention  was  excited 
by  a  number  of  people  running  down  to  the 
seaside.  Upon  inquiring  tiie  reason,  I  was 
informed  that  the  coast  of  France  was  plainly 
to  be  distinguished  by  the  naked  eye.  I  im- 
mediately went  down  to  the  shore,  and  was 
surprised  to  find  that,  even  without  the  as- 
sistance of  a  telescope,  I  could  very  plainly 
see  the  cliffs  on  the  opposite  coast,  which,  at 
the  nearest  part,  are  between  forty  and  fifty 
miles  distant,  and  are  no-t  to  be  discerned 
from  that  low  situation  by  the  aid  of  the  best 
glasses.  They  appeared  to  be  only  a  few 
miles  off,  and  seemed  to  extend  for  some 
leagues  along  the  coast.  I  pursued  my  walk 
along  the  shore  eastward,  close  to  the  water's 
edge,  conversing  with  the  sailors  and  fisher- 
men upon  the  subject.  They  at  first  would 
not  be  persuaded  of  the  reality  of  the  appear- 
ance; but  they  soon  became  so  thoroughly 
convinced  by  the  cliffs  gradually  appearing 
more  elevated,  and  approaching  nearer,  as  it 
were,  that  they  pointed  out  and  named  to  me 
the  different  places  they  had  been  accustomed 
to  visit,  such  as  the  Bay,  the  Old  Head,  or 
Man,  the  Windmill,  &c.,  at  Boulogne,  St. 
Vallery,  and  other  places  on  the  coast  of  Pi- 
cardy,  which  they  afterward  confirmed,  when 
they  viewed  them  through  their  telescopes. 
Their  observations  were,  that  the  places  ap- 
peared as  near  as  if  they  were  sailing,  at  a 
small  distance,  into  the  harbours.  The  day 
on  which  this  phenomenon  was  seen  was  ex- 
tremely hot ;  it  was  high  water  at  Hastings 
about  two  o'clock  p.m.,  and  not  a  breath  of 
wind  was  stirring  the  whole  day."  From 
the  summit  of  an  adjacent  hill,  a  most  beauti- 
ful scene  is  said  to  have  presented  itself.  At 
one  glance  the  spectators  could  see  Dunge- 
Eess,  Dover  Cliffs,  and  the  French  coast,  all 
©long  from  Calais  to  St.  Vallery,  and,  as  some 
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alfirmed,  as  far  to  the  westward  as  Dieppe, 
which  could  not  be  much  less  than  eighty  ot 
ninety  miles.  By  the  telescope  the  French 
fishing-boats  were  plainly  seen  at  anchor,  and 
the  different  colours  of  the  land  on  the 
heights,  with  the  buildings,  were  perfectly 
discernible. 

This  singular  phenomenon  was  doubtless 
occasioned  by  an  extraordinary  refraction, 
produced  by  an  unusual  expansion  or  conden- 
sation of  the  lov/er  strata  of  the  atmosphere, 
arising  from  circumstances  connected  with  the 
extreme  heat  of  the  season.  The  objects 
seem  to  have  been  apparently  raised  far  above 
their  natural  positions ;  for,  from  the  beach  at 
Hastings,  a  straight  line,  drawn  across  towards 
the  French  coast,  would  have  been  intercepted 
by  the  curve  of  the  waters.  They  seem,  also, 
to  have  been  magnified  by  the  refraction,  and 
brought,  apparently,  four  or  five  times  nearer 
the  eye,  than  in  the  ordinary  state  of  the  at- 
mosphere. 

The  following  are  likewise'  instances  of  un- 
usual  refraction :  When  Captain  Colby  was 
ranging  over  the  coast  of  Caithness,  with  the 
telescope  of  his  great  Theodolite,  on  the  31st 
of  June,  1819,  at  eight  o'clock,  p.m.,  from 
Corryhabbie  Hill,  near  Mortlich,in  Banffshire, 
he  observed  a  brig  over  the  land  of  Caithness, 
sailing  to  the  westward  in  the  Pentland  Frith, 
between  the  Dannet  and  Duncansby  heads. 
Having  satisfied  himself  as  to  the  fact,  he  re- 
quested his  assistants.  Lieutenants  Robe  and 
Dawson,  to  look  through  the  telescope,  which 
they  immediately  did,  and  observed  the  brig 
likewise.  It  was  very  distinctly  visible  for 
several  minutes,  while  the  party  continued  to 
look  at  it,  and  to  satisfy  themselves  as  to  its 
position.  The  brig  could  not  have  been  lesa 
than  from  ninety  to  one  hundred  miles  dis- 
tant ;  and,  as  the  station  on  Corryhabbie  is 
not  above  850  yards  above  the  sea,  the  phe- 
nomenon is  interesting.  The  thermometer 
was  at  44°.  The  night  and  day  preceding 
the  sight  of  the  brig  had  been  continually 
rainy  and  misty,  and  it  was  not  till  seven 
o'clock  of  the  evening  of  the  21st  that  the 
clouds  cleared  off  the  hill.* 

Captain  Scoresby  relates  a  singular  pheno- 
menon of  this  kind,  which  occurred  while  he 
was  traversing  the  Polar  seas.  His  ship  had 
been  separated  by  the  ice  from  that  of  his 
father  for  a  considerable  time,  and  he  was 
looking  out  for  her  every  day  with  great  anx- 
iety. At  length,  one  evening,  to  his  utter 
astonishment,  he  saw  her  suspended  in  the 
air,  in  an  inverted  position,  traced  on  the  ho- 
rizon in  the  clearest  colours,  and  with  the 
most  distinct  and  perfect  representatit)n.  He 
sailed  in  the  direction  in  which  he  saw  this 

*  Edinburgh  Philosophical  Journal  for  Octoberv 
1819,  p.  411. 
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visionary  phenomenon,  and  actually  found  his 
father's  vessel  by  its  indication.  He  was  di- 
vided from  him  by  immense  masses  of  icebergs, 
and  at  such  a  distance  that  it  was  quite  im- 
possible to  have  seen  the  ship  in  her  actual 
situati-^n,  or  to  have  seen  her  at  all,  if  her 
spectrum  had  not  been  thus  raised  several  de- 
grees above  the  horizon  into  the  sky  by  this 
extraordinary  refraction.  She  was  reckoned 
to  be  seventeen  miles  beyond  the  visible  ho- 
rizon, and  thirty  miles  distant. 

Mrs.  Somerville  states  that  a  friend  of  hers, 
while  standing  on  the  plains  of  Hindostan, 
saw  the  whole  upper  chain  of  the  Himalaya 
Mountains  start  into  view,  from  a  sudden 
change  in  the  density  of  the  air,  occasioned 
by  a  heavy  shower,  after  a  long  course  of  dry 
and  hot  weather.  In  looking  at  distant  ob- 
jects through  a  telescope,  over  the  top  of  a 
ridge  of  hills,  about  two  miles  distant,  I  have 
several  times  observed  that  some  of  the  more 
distant  objects  which  are  sometimes  hid  by 
the  interposition  of  a  ridge  of  hills,  are  at 
other  times  distinctly  visible  above  them.  I 
have  sometimes  observed  that  objects  near  the 
middle  of  the  field  of  view  of  a  telescope, 
which  was  in  a  fixed  position,  have  suddenly 
appeared  to  descend  to  the  lower  part,  or  as- 
cend to  the  upper  part  of  the  field,  while  the 
telescope  remained  unaltered.  I  have  like- 
wise seen,  with  a  powerful  telescope,  the  Bell 
Rock  Lighthouse,  at  the  distance  of  about 
twenty  miles,  to  appear  as  if  contracted  to 
less  than  two-thirds  of  its  usual  apparent 
height,  while  every  part  of  it  was  quite  dis- 
tinct and  well  defined,  and  in  the  course  of 
an  hour,  or  less,  appeared  to  shoot  up  to  its 
usual  apparent  elevation — all  which  pheno- 
mena are  evidently  produced  by  the  same 
cause  to  which  we  have  been  adverting. 

Such  are  some  of  the  striking  effects  pro- 
duced by  the  refraction  of  light.  It  enables 
us  to  see  objects  in  a  direction  where  they  are 
not ;  it  raises,  apparently,  the  bottoms  of  lakes 
and  rivers;  it  magnifies  objects  when  their 
light  passes  through  dense  mediums ;  it  makes 
the  sun  appear  above  the  horizon  when  he  is 
actually  below  it,  and  thus  increases  the 
length  of  our  day ;  it  produces  the  Aurora 
and  the  evening  twilight,  which  forms,  in 
many  instances,  the  most  delightful  part  of  a 
summer  day  ;  it  prevents  us  from  being  in- 
volved in  total  darkness,  the  moment  after  the 
sun  has  descended  beneath  the  ha^'^.on  ;  it 
modifies  the  appearances  of  the  celestial 
bodies,  and  the  directions  in  which  they  are 
beheld;  it  tinges  the  sun,  moon,  and  stars,  as 
well  as  the  clouds,  with  a  ruddy  hue  when 
near  the  horizon :  it  elevates  the  appearance 
of  terrestrial  objects,  and,  in  certain  extraor- 
dinary cases,  brings  them  nearer  to  our  view, 
and  enables  us  to  behold  them  when  beyond 


the  line  of  our  visible  horizon.  In  i'^ombina- 
tion  with  the  power  of  reflection,  it  creates 
visionary  landscapes,  and  a  vaiiety  of  gro- 
tesque and  extraoi-dinary  appearances,  which 
delight  and  astonish,  and  sometimes  appal  the 
beholders.  In  short,  as  we  shall  afterwards 
see  more  particularly,  the  refi-action  of  light 
through  glasses  of  different  figures  forms  the 
principle  on  which  telescopes  and  microscopes 
are  constructed,  by  which  both  the  remote 
and  the  minute  wonders  of  creation  have  been 
disclosed  to  view.  So  that,  had  there  been  no 
bodies  capable  of  refracting  the  rays  of  light, 
we  should  have  remained  for  ever  ignorant 
of  many  sublime  and  august  objects  in  the 
remote  regions  of  the  universe,  and  of  the 
admirable  mechanism  and  the  countless  variety 
of  minute  objects  which  lie  beyond  the  range 
of  the  unassisted  eye  in  our  lower  creation, 
all  of  which  are  calculated  to  direct  our  views, 
and  to  enlarge  our  conceptions  of  the  Almighty 
Creator. 

In  the  operation  of  the  law  of  refraction  in 
these  and  numerous  other  instances,  we  have 
a  specimen  of  the  diversified  and  beneficent 
effects  which  the  Almighty  can  produce  by 
the  agency  of  a  single  principle  in  nature. 
By  the  influence  of  the  simple  law  of  gravita- 
tion the  planets  are  retained  in  their  orbits, 
the  moon  directed  in  her  course  around  the 
earth,  and  the  whole  of  the  bodies  connected 
with  the  sun  preserved  in  one  harmonious 
system.  By  the  same  law  the  mountains  of 
our  globe  rest  on  a  solid  basis,  the  rivers  flow 
through  the  plains  towards  the  seas,  the  ocean 
is  confined  to  its  prescribed  boundaries,  and 
the  inhabitants  of  the  earth  are  retained  to  its 
surface,  and  prevented  from  flying  upwards 
through  the  voids  of  space.  In  like  manner, 
the  law  by  which  light  is  refracted  produces  a 
variety  of  beneficial  effects  essential  to  the  pre- 
sent constitution  of  our  world  and  the  com- 
fort of  its  inhabitants.  When  a  ray  of  light 
enters  obliquely  into  the  atmosphere,  instead 
of  passing  directly  through,  it  bends  a  little 
downward,  so  that  the  greater  portion  of  the 
rays  which  thus  enter  the  atmospheric  mass 
descend  by  inflection  to  the  earth.  We  then 
enjoy  the  benefits  of  that  light  which  would 
otherwise  have  been  totally  lost.  We  per- 
ceive the  light  of  day  an  hour  before  the  so- 
lar orb  makes  its  appearance,  and  a  j)ortion 
of  its  light  is  still  retained  when  it  has  de- 
scended nearly  eighteen  degrees  below  our 
horizon.  We  thus  enjoy,  throughout  the 
year,  seven  hundred  and  thirty  hours  of  light 
which  would  have  been  lost  had  it  not  been 
refracted  down  upon  us  from  the  upper  re- 
gions of  the  atmosphere.  To  the  inhabitants 
of  the  polar  regions  this  effect  is  still  more  in- 
teresting and  beneficial.  Were  it  not  for 
their  twilight,  they  would  be  involved,  for  a 

(747} 


Hosted  by  Google 


so 


THE  PRACTICAL  ASTRONOMER. 


much  longer  period  than  they  now  are,  in  per- 
petual darkness  ;  but  by  the  powerful  refrac- 
tion of  light  which  takes  place  in  the  frigid 
zones,  the  day  sooner  makes  its  appearance 
towards  spring,  and  their  long  winter  nights 
are,  in  certain  cases,  shortened  by  the  period 
of  thirty  days.  Under  the  poles,  where  the 
darkness  of  night  would  continue  six  months 
without  intermission,  if  there  were  no  refrac- 
tion, total  darkness  does  not  prevail  dur- 
ing ihc  one  half  of  this  period.  When  the 
sun  sets,  at  the  north  pole,  about  the  23d  of 
September,  the  inhabitants  (if  any")  enjoy  a 
perpetual  aurora  till  he  has  descended  eighteen 
degrees  below  the  horizon.  In  his  course 
through  the  ecliptic  the  sun  is  two  months 
before  he  can  reach  this  point,  during  which 
time  there  is  a  perpetual  twilight.  In  two 
months  more  he  arrives  again  at  the  same 
point,  namely,  eighteen  degrees  below  the 
horizon,  when  a  new  twilight  commences, 
which  is  continually  increasing  in  brilliancy 
for  other  two  months,  at  the  end  of  which  the 
body  of  this  luminary  is  seen  rising  in  all  its 
glory.  So  that,  in  this  region,  the  light  of 
day  is  enjoyed  in  a  greater  or  less  degree,  for 
ten  months  without  interruption  by  the  effects 
of  atmospheric  refraction;  and,  during  the 
two  months  when  the  influence  of  the  solar 
light  is  entirely  withdrawn,  the  moon  is  shining 
above  the  horizon  for  two  half  months  without 
intermission;  and  thus  it  happens  that  no 
more  than  two  separate  fortnights  are  passed  in 
absolute  darkness ;  and  this  darkness  is  allevi- 
ated by  the  light  of  the  stars  and  the  frequent 
coruscations  of  the  Aurora  Borealis.  Hence 
it  appears  that  there  are  no  portions  of  our 
globe  that  enjoy,  throughout  the  year,  so 
large  a  portion  of  the  solar  light  as  these 
northern  regions,  which  is  chiefly  owing  to  the 
refraction  of  the  atmosphere. 

The  refraction  of  light  by  the  atmosphere, 
combined  with  its  power  of  reflecting  it,  is 
likewise  the  cause  of  that  universal  light  and 
splendour  which  appears  on  all  the  objects 
around  us.  Were  the  earth  disrobed  of  its 
atmosphere,  and  exposed  naked  to  the  solar 
beams,  in  this  case  we  might  see  the  sun 
without  having  day,  strictly  so  called.  His 
rising  would  not  be  preceded  by  any  twilight 
as  it  now  is.  The  most  intense  darkness 
would  cover  us  till  the  very  moment  of  his 
rising;  he  would  then  suddenly  break  out 
from  under  the  horizon  with  the  same  splen- 
dour he  would  exhibit  at  the  highest  part  of 
of  his  course,  and  would  not  change  his 
brightness  till  the  very  moment  of  his  setting, 
when,  in  an  instant,  all  would  be  black  as  the 
darkest  night.  At  noonday  we  should  see 
the  sun  like  an  intensely -brilliant  globe  shining 
in  a  sky  as  black  as  ebony,  like  a  clear  fire  in 
the  night  seen  in  the  midst  of  an  extensive 
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field,  and  his  rays  would  show  us  the  adjaceni 
objects  immediately  around  us :  but  the  rayg 
which  fall  on  the  object  remote  from  us  would 
be  for  ever  lost  in  the  expanse  of  the  heavens. 
Instead  of  the  beautiful  azure  of  the  sky,  and 
the  colours  which  distinguish  the  face  of  na- 
ture by  day,  we  should  see  nothing  but  an 
abyss  of  darkness,  and  the  stars  shining  from 
a  vault  as  dark  as  chaos.  Thus  there  would 
be  no  day,  such  as  we  now  enjoy,  without  the 
atmosphere :  since  it  is  by  the  refraction  and 
reflections  connected  with  this  aerial  fluid  that 
light  is  so  modified  and  directed  as  to  produce 
all  that  beauty,  splendour,  and  harmony  which 
appear  on  the  concave  of  the  sky,  and  on  the 
objects  which  diversify  our  terrestrial  abode. 

The  effect  of  refi-action,  in  respect  to  ter- 
restrial  objects,  is  likewise  of  a  beneficial  na- 
ture. The  quantity  of  this  refraction  is  esti- 
mated by  Dr.  Maskelyne  at  one-tenth  of  the 
distance  of  the  object  observed,  expressed  in 
degrees  of  a  great  circle.  Hence,  if  the  dis- 
tance be  10,000  fathoms,  its  tenth  part  1000 
fathoms,  is  the  sixtieth  part  of  a  degree,  or 
one  minute,  which  is  the  refraction  in  altitude, 
Le  Gendre  estimates  it  at  one-fourteenth,  De 
Lambre  at  one-eleventh,  and  others  at  a 
twelfth  of  the  distance ;  but  it  must  be  sup- 
posed to  vary  at  different  times  and  places  ac- 
cording to  the  varying  state  of  the  atmosphere. 
This  refraction,  as  it  makes  objects  appear  to 
be  raised  higher  than  they  really  are,  enlarges 
the  extent  of  our  landscapes,  and  enables  us 
to  perceive  distant  objects  which  would  other- 
wise have  been  invisible.  It  is  particularly 
useful  to  the  navigator  at  sea.  It  is  one  im- 
portant object  of  the  mariner,  when  traversing 
his  course,  to  look  out  for  capes  and  headlands, 
rocks,  and  islands,  so  as  to  desciy  them  as 
soon  as  they  are  within  the  reach  of  his  eye. 
Tvow,  by  means  of  refraction,  the  tops  of  hills 
and  the  elevated  parts  of  coasts  are  apparently 
raised  into  the  air,  so  that  they  may  be  dis« 
covered  several  leagues  further  off  on  the  sea 
than  they  would  be  did  no  such  refractive 
power  exist.  This  circumstance  is  therefore 
a  considerable  benefit  to  the  science  of  navi- 
gation, in  enabling  the  mariner  to  steer  his 
course  aright,  and  to  give  him  the  most  early 
warning  of  the  track  he  ought  to 'take,  or  of 
the  dangers  to  which  he  may  be  exposed. 

In  short,  the  effects  produced  by  the  refract 
tion  and  reflection  of  light  on  the  scenery  con- 
nected "vith  our  globe  teach  us  that  these 
principles,  in  the  hand  of  the  Almighty, 
might  be  so  modified  and  directed  as  to  pro- 
duce the  most  picturesque,  the  most  glorious, 
and  wonderful  phenomena,  such  as  mortal 
eyes  have  never  yet  seen,  and  of  which  human 
imagination  can  form  no  conception;  and  in 
other  worlds,  more  resplendent  and  magnifi 
cent   than  ours,  such   scenes   may  be   fullY 
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realized,  in  combination  with  the  operation  of  may  be  reflected  and  refracted  through  differ- 

physical   principles  and  agents  with   which  ent  mediums,  in  such  a  manner  as  to  present 

we  are  at  present  unacquainted.     From  what  to  the  view  of  their  inhabitants  the  prominent 

we  already  kj^^w  of  the  effects  of  the  rellec-  scenes  connected  with  distant  systems    and 

tion  and  the  refraction  of  light,  it  is  not  be-  worlds,  and  to  an  extent  as  shall  inlinitely 

yond  the  bounds  of  probability  to  suppose  surpass   the    effects   produced   by   our  most 

that,  in  certain  regions  of  the  universe,  light  powerful  telescopes. 


CHAPTER  III. 


On  the  Refraction  of  Light  through  spherical  transparent  substances,  or  lenses. 


It  is  to  the  refi-action  of  light  that  we  are 
indebted  for  the  use  of  lenses  or  artificial 
glasses  to  aid  the  powers  of  the  vision.  It 
lays  the  foundation  of  telescopes,  microscopes, 
camera  obscuras,  phantasmagorias,  and  other 
optical  instruments,  by  which  so  many  beau- 
tiful; useful,  and  wonderful  effects  have  been 
produced.  In  order,  therefore,  to  illustrate 
the  principles  on  which  such  instruments  are 
constructed,  it  is  necessary  to  explain  the 
manner  in  which  the  rays  of  light  are  refracted 
and  modified  when  passing  through  spherical 
mediums  of  different  forms.  I  do  not  intend, 
however,  to  enter  into  the  minutiae  of  this 
subject,  nor  into  any  abstract  mathematical 
demonstrations,  but  shall  simply  offer  a  few 
explanations  of  general  principles,  and  seve- 
ral experimental  illustrations,  which  may 
enable  the  general  *  reader  to  understand  the 
construction  of  the  optical  instruments  to  be 
afterwards  described. 

A  lens  is  a  transparent  substance  of  a  dif- 
ferent density  from  the  surrounding  medium, 
and  terminating  in  two  surfaces,  either  both 
spherical,  or  one  spherical  and  the  other  plain. 
It  is  usually  made  of  glass,  but  may  also  be 
formed  of  any  other  transparent  substance, 
as  ice,  crystal,  diamonds,  pebbles,  or  fluids 
of  different  densities  and  refractive  powers, 
inclosed  between  concave  glasses.  Lenses  are 
ground  into  various  forms,  according  to  the 
purpose  they  are  intended  to  serve.  They 
may  be  generally  distinguished  as  being  either 
convex  or  concave.  A  convex  glass  is  thickest 
in  the  middle,  and  thinner  towards  the  ex- 
tremities. Of  these  there  are  various  forms, 
which  are  represented  in  fig.  5.  A  is  a  plano- 
convex lens,  which  has  one  side  plane,  and 
the  other  spherical  or  convex.  5  is  a  plano- 
concave,  which  is  plane  on  the  one  side  and 
concave  on  the  other.  C  is  a  double-convex, 
or  one  which  is  spherical  on  both  sides.  D,  a 
double-concave,  or  concave  on  both  sides.  E 
is  called  a  meniscus,  which  is  convex  on  one 
side  and  concave  on  the  other,  i^  is  a  con- 
cavo-convex, the  convex  side  of  which  is  of  a 
smaller  sphere  than  the  concave.  In  regard 
to  the  degree  of  convexity  or  concavity  in 


lenses,  it  is  evident  that  there  may  be  almost 
an  infinite  variety.    For  every  convex  surface 

Fig.  5. 
Plano-convex* 


Plano-concave, 
Double  Convex^ 
Double  Concave^ 


Meniscus* 


p^^iSi-^— "^    =-,_4j^  (joncavo-convex. 

is  to  be  considered  as  the  segment  of  a  circle, 
the  diameter  and  the  radius  of  which  may 
vary  to  almost  any  extent.  Hence  lenses  have 
been  formed  by  opticians,  varying  from  one-fif- 
tieth of  an  inch  in  radius  to  two  hundred  feet. 
When  we  speak  of  the  length  of  the  radius  of 
a  lens,  as,  for  instance,  when  we  say  that  a 
lens  is  two  inches  or  forty  inches  radius,  we 
mean  that  the  convex  surface  of  the  glass  is 
the  part  of  a  circle,  the  radius  of  which,  or 
half  the  diameter,  is  two  inches  or  forty  inches ; 
or,  in  other  words,  were  the  portion  of  the 
sphere  on  which  it  is  ground  formed  into  a 
globe  of  corresponding  convexity,  it  would  be 
four  inches  or  eighty  inches  in  diameter. 

The  axis  of  a  lens  is  a  straight  line  drawn 
through  the  centre  of  its  spherical  surface ; 
and,  as  the  spherical  sides  of  every  lens  are 
arches  of  circles,  the  axis  of  the  lens  would 
pass  through  the  centre  of  that  circle  of  which 
its  sides  are  segments.  Rays  are  those  ema- 
nations of  light  which  proceed  from  a  luminous 
body,  or  ii-om  a  body  that  is  illuminated. 
The  Radiant  is  that  body  or  object  which 
emits  the  rays  of  light,  whether  it  be  a  self- 
luminous  body,  or  one  that  only  reflects  the 
rays  of  light.  Rays  may  proceed  from  a 
Radiant  in  different  directions.  They  may 
be  either  parallel,  converging,  or  diverging. 
Parallel  rays  are  those  which  proceed  equally 
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distant  from  each  other  through  their  whole  rays.  The  converging  rays  here  representea 
course.  Rays  proceeding  from  the  sun,  the  may  be  conceived  as  having  been  refracted  by 
planets,  the  stars,  and  distant  terrestrial   ob- 


jects are  considered  as  parallel,  as  in  fig.  6. 
Convergir;g  rays  are  such  as,  proceeding  from 
a  body,  approach  nearer  and  nearer  in  their 
progress,  tending  to  a  certain  point  where 
they  i  11  unite.  Thus,  the  rays  proceeding 
from  the  object  A  B  (fig  7)  to  the  point  F, 
are  said  to  converge  towards  that  point.     All 


Fig.  11. 


convex  glasses  cause  parallel  rays  which  fall 
upon  them  to  converge,  in  a  greater  or  less 
degree ;  and  they  render  converging  rays  still 
more  convergent.  If  A  B,  fig.  7,  represent  a 
convex  lens,  and  H  G  I  parallel  rays  falling 
upon  it,  they  will  be  refracted,  and  converge 
towards  the  point  F,  which  is  called  the 
focus,  or  burning  point ;  because,  when  the 
sun's  rays  are  thus  converged  to  a  point  by  a 
large  lens,  they  set  on  fire  combustible  sub- 
stances.    In  this  point  the  rays  meet  and  in- 


tersect  each   other. 


rays 


those  which,  proceeding  from  any  point,  as 
A,  fig  8,  continually  recede  from  each  other 
as  they  pass  along  in  their  course  towards  B 
C.  All  the  rays  which  proceed  from  near 
objects,  as  a  window  in  a  room,  or  an  adjacent 
house  or  garden,  are  more  or  less  divergent. 
The  following  figures  show  the  effects  of 
parallel,  converging,  and  diverging  rays,  in 
passing  through  a  double  convex  lens : 

Fig.  9  shows  the  efifects  of  parallel  rays, 
K  A,  D  E,  L  B,  falling  on  a  convex  glass, 
A  B.  The  rays  which  fall  near  the  extremi- 
ties at  A  and  B  are  bent  or  refracted  towards 
C  F,  the  focus,  and  centre  of  convexity.  It 
will  be  observed  that  they  are  less  refracted 
as  they  approach  the  centre  of  the  lens,  and 
the  central  ray  DEC,  which  is  called  the 
axis  of  the  lens,  and  which  passes  through 
its  centre,  suflfers  no  refraction.  Fig.  10  ex- 
hibits the  course  of  converging  rays  when 
passing  through  a  similar  lens.  In  this  case, 
the  rays  converge  to  a  focus  nearer  to  the 
lens  than  the  centre ;  for  a  convex  lens  uni- 
for^Jy  increases  the  convergence  of  converging 
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another  convex  lens  of  a  longer  focus,  and, 
passing  on  towards  a  point  of  convergence, 
were  intercepted  by  the  lens  A  B.  The 
point  B  is  the  place  where  the  rays  would 
have  converged  to  a  focus,  had  they  not  been 
thus  intercepted.  Fig.  11  represents  the 
course  of  diverging  rays  when  falling  on  a 
double  convex  glass.  In  Hhis  case,  the  rays 
D  B,  D  A,  &c.,  after  passing  through  the 
lens,  converge  to  a  focus  at  a  point  consider^ 
ably  further  fi'om  the  lens  than  its  centre,  as 
at  F.  Such  rays  must  be  considered  as  pro- 
ceeding from  near  objects,  and  the  fact  may 
be  illustrated  by  the  following  experiment  : 
Take  a  common  reading  glass,  and  hold  it  in 
the  rays  of  the  sun,  opposite  a  sheet  of  writing 
paper  or  a  white  wall,  and  observe  at  what 
distance  from  the  glass  the  rays  on  the  paper 
converge  to  a  small,  distinct  white  spot.  This 
distance  gives  the  focal  length  of  the  lens  by 
parallel  rays.  If  now  we  hold  the  glass  with- 
in a  few  feet  of  a  window,  or  a  burning  candle, 
and  receive  its  image  on  the  paper,  the  focal 
distance  of  the  image  from  the  glass  will  be 
found  to  be  longer.  If,  in  the  former  case, 
the  focal  distance  was  twelve  inches,  in  the 
latter  case  it  will  be  thirteen,  fifteen,  3r  six- 
teen inches,  according  to  the  distance  of  the 
window  or  the  candle  from  the  glass. 

If  the  lens  A  B,  fig.  9,  on  which  parallel 
rays  are  represented  as  falling,  were  a  plano- 
convex, as  represented  at  A.  fig.  5,  the  rays 
would  converge  to  a  point  F,  at  double  the 
radius,  or  the  whole  diameter  of  the  sphere 
of  which  it  is  a  segment.  If  the  thickness  of 
a  plano-convex  be  considered,  and  if  it  be  ex- 
posed on  its  convex  side  to  parall(  1  rays,  ?i? 
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those  of  the  sun,  the  focus  will  be  at  the  dis- 
tance of  twice  the  radius,  wanting  two-thirds 
of  the  thickness  of  the  lens.  But  if  the  same 
lens  be  exposed  with  its  plane  side  to  parallel 
rays,  the  focus  will  then  be  precisely  at  the 
distance  of  twice  the  radius  from  the  glass. 

The  effects  of  concave  lenses  are  directly 
opposite  to  those  of  convex.  Parallel  rays, 
striking  one  of  those  glasses,  instead  of  con- 
verging towards  a  point,  are  made  to  diverge. 
Rays  already  divergent  are  rendered  more 
so,  and  convergent  rays  are  made  less  con- 
vergent. Hence  objects  seen  through  con- 
cave glasses  appear  considerably  smaller  and 
more  distant  than  they  really  are.  The 
following  diagram,  fig.  12,  represents  the 
course  of  parallel  rays  through  a  double  con- 
cave lens,  where  the  parallel  rays  T  A,  D  E, 
I  B,  &c.,  when  passing  through  the  concave 
glass  A  B,  diverge  into  the  rays  G  L,  E  C, 
H  P,  &c.,  as  if  they  proceeded  from  F,  a 
point  before  the  lens,  which  is  the  principal 
focus  of  the  lens  : 


The  principal  focal  distance,  E  F,  is  the 
same  as  in  convex  lenses.  Concave  glasses 
are  used  to  correct  the  imperfect  vision  of 
short-sighted  persons.  As  the  form  of  the 
eye  of  such  persons  is  too  convex,  the  rays 
are  made  to  converge  before  they  reach  the 
optic  nerve ;  and  therefore  a  concave  glass, 
causing  a  little  divergency,  assists  this  defect 
of  vision,  by  diminishing  the  effect  poduced 
by  the  too  great  convexity  of  the  eye,  and 
lengthening  its  focus.  These  glasses  are  sel- 
dom used,  in  modern  times,  in  the  construc- 
tion of  optical  instruments,  except  as  eye- 
glasses for  small  pocket  perspectives,  and 
opera-glasses. 

To  find  the  focal  distance  of  a  concave 
glass.  Take  a  piece  of  pasteboard  or  card 
paper,  and  cut  a  round  hole  in  it,  not  larger 
than  the  diameter  of  the  lens ;  and  on  another 
jiiece  of  pasteboard  describe  a  circle  whose 
diameter  is  just  double  the  diameter  of  the 
hole.  Then  apply  the  piece  with  the  hole  in 
it  to  the  lens,  and  hold  them  in  the  sunbeams, 
with  the  other  piece  at  such  a  distance  behind 
that  the  hght  proceeding  from  the  hole  may 
spread  or  diverge  so  as  precisely  to  fill  the 
circle;  then  the  distance  of  the  circle  from 
the  lens  is  equal  to  its  virtual  focus,  or  to  its 
radius,  if  it  be  a  double  concave,  and  to  its 
diameter,  if  a  plano-concave.     Let  d,  e  (fig. 


12,)  represent  the  diameter  of  the  hole,  and 
gy  i,  the  diameter  of  the  circle,  then  the  dis- 
tance C,  /,  is  the  virtual  focus  of  the  lens.* 

The  meniscus,  represented  at  E,  fig.  5,  is 
like  the  crystal  of  a  common  watch,  and^  as 
the  convexity  is  the  same  as  the  concavity,  it 
neither  magnifies  nor  diminishes.  Sometimes, 
however,  it  is  made  in  the  form  of  a  crescent, 
as  at  F,  fig.  5,  and  is  called  a  concavo-convex- 
lens  ;  and,  when  the  convexity  is  greater 
than  the  concavity,  or  when  it  is  thickest  in 
the  middle,  it  acts  nearly  in  the  same  way  as 
a  double  or  plano-convex  lens  of  the  same 
focal  distance. 

Of  the  iiiiAG^s  formed  by  Convex  Lenses, 

It  is  a  remarkable  circumstance,  and  which 
would  naturally  excite  admiration,  were  it  not 
so  common  and  well  known,  that  when  the 
rays  of  light  from  any  object  are  refracted 
through  a  convex  lens,  they  paint  a  distinct 
and  accurate  picture  of  the  object  before  it, 
in  all  its  colours,  shades,  and  proportions. 
Previous  to  experience,  we  could  have  had  no 
conception  that  Kght,  when  passing  through 
such  substances,  and  converging  to  a  point, 
could  have  produced  so  admirable  an  effect — ■ 
an  effect  on  which  the  construction  and  utihty 
of  all  our  optical  instruments  depend.  The 
following  figure  will  illustrate  this  position : 

Fig.  13. 


Let  L  N  represent  a  double  convex  lens, 
A,  C,  a  its  axis,  and  0  ^  an  object  perpen- 
dicular to  it,  A  ray  passing  from  the  ex- 
tremity of  the  object  at  0,  after  being  refracted 
by  the  lens  at  F,  will  pass  on  in  the  direction 
F  I,  and  form  an  image  of  that  part  of  the 
object  at  /.  This  ray  will  be  the  axis  of  all 
the  rays  which  fall  on  the  lens  from  the  point 
0,  and  /will  be  the  focus  where  they  will  all 
be  collected.  In  like  manner,  B  C  Mis  the 
axis  of  that  parcel  of  rays  which  proceed  from 

'*  This  mode  of  finding  the  focus  of  a  concave 
lens  may  be  varied  as  follows  ;  Let  the  lens  be 
covered  with  paper,  having  two  small  circular 
holes  ;  and,  on  the  paper  for  receiving  the  light, 
describe  also  two  small  circles,  but  with  their 
centres  at  twice  the  distance  from  each  other  oi 
the  centres  of  the  circles.  Then  move  the  paper 
to  and  from,  till  the  middle  of  the  sun's  light, 
coming  through  the  holes,  falls  exactly  on  the* 
middle  of  tbe  circles  ;  that  distance  of  the  pape? 
from  the  lens  will  be  the  focal  length  required. 
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the  extremity  of  the  object  B,  and  their  focus 
will  be  at  ilf ;  and  since  all  the  points  in  the 
object  between  O  and  B  must  necessarily 
have  their  foci  between  /  and  M  a  complete 
picture  of  the  points  from  which  they  come 
will  be  depicted,  and  consequently  an  image 
of  the  whole  object  0  B. 

It  is  ovious,  from  the  figure,  that  the  image 
of  the  object  is  formed  in  the  focus  of  the  lens 
in  an  inverted  position.  It  must  necessarily 
be  in  this  position,  as  the  rays  cross  at  C,  the 
centre  of  the  lens  ;  and  as  it  is  impossible  that 
the  rays  from  the  upper  part  of  the  object,  0, 
can  be  carried  by  refraction  to  the  upper  end 
of  the  image  at  M,  This  is  a  universal  prin- 
ciple in  relation  to  convex  lenses  of  every  de- 
scription, and  requires  to  be  attended  to  in 
the  construction  and  use  of  all  kinds  of  tele- 
scopes and  microscopes.  It  is  easily  illustrated 
by  experiment.  Take  a  convex  lens  of  eight, 
twelve,  or  fifteen  inches  focal  distance,  such 
as  a  reading  glass,  or  the  glass  belonging  to  a 
pair  of  spectacles,  and  holding  it,  at  its  focal 
distance  from  a  white  wall,  in  a  line  with  a 
burning  candle,  the  flame  of  the  candle  will 
be  seen  depicted  on  the  wall  in  an  inverted 
position,  or  turned  upside  down.  The  same 
experiment  may  be  performed  with  a  window- 
sash,  or  any  other  bright  object.  But  the 
most  beautiful  exhibition  of  the  images  of  ob- 
jects formed  by  convex  lenses  is  made  by 
darkening  a  room,  and  placing  a  convex  lens 
of  a  long  focal  distance  in  a  hole  cut  out  of 
the  window-shutter ;  when  a  beautiful  in- 
verted landscape,  or  picture  of  all  the  objects 
before  the  window,  will  be  painted  on  a  white 
paper  or  screen  p]a<3ed  in  the  focus  of  the 
glass.  The  image  thus  formed  exhibits  not 
only  the  proportions  and  colours,  but  also  the 
motions  of  all  the  objects  opposite  the  lens, 
forming,  as  it  were,  a  living  landscape.  This 
property  of  lenses  lays  the  foundation  of  the 
camera  obscura,  an  instrument  to  be  after- 
ward described. 

The  following  principles  in  relation  to 
images  formed  by  convex  lenses  may  be 
stated :  1.  That  the  image  subtends  the  same 
angle  at  the  centre  of  the  glass  as  the  object 
itself  does.  Were  an  eye  placed  at  C,  the 
centre  of  the  lens  L  N,  fig.  13,  it  would  see 
the  object  0  B  and  the  image  /  M  under  the 
same  optical  angle,  or,  in  other  words,  they 
would  appear  equally  large ;  for,  whenever 
right  lines  intersect  each  other,  as  0  J  and  B 
M,  the  opposite  angles  are  always  equal,  that 
is,  the  angle  M  C  I  is  equal  to  the  angle  0 
C  B.  2.  The  length  of  the  image  formed 
by  a  convex  lens  is,  to  the  length  of  the  ob- 
ject, as  the  distance  of  the  image  is  to  the 
distance  of  the  object  from  the  lens  ;  that  is, 
Jf  J  is  to  O  B\  :  as  C  A  to  C  ^.  Suppose 
the  distance  of  the  object  C  A  from  the  lens 
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to  be  forty-eight  inches,  the  length  of  the  ^ 
ject  0  B  =  sixteen  inches,  and  the  distance 
of  the  image  from  the  lens  six  inches,  then 
the  length  of  the  image  will  be  found  by  the 
following  proportion,  48:  16:  :  6:  2,  that 
is,  the  length  of  the  image,  in  such  a  case,  is 
two  inches.  3.  If  the  object  he  at  an  infinite, 
distance,  the  image  will  he  formed  exactly 
in  the  focus.  4.  Tfthe  object  be  at  the  same 
distance  from  the  lens  as  its  focus,  the  image 
is  removed  to  an  infinite  distance  on  the  op- 
posite side;  in  other  words,  the  rays  will 
proceed  in  a  parallel  direction.  On  this 
principle,  lamps  on  the  streets  are  sometimes 
directed  to  throw  a  bright  light  along  a  foot- 
path where  it  is  wanted,  when  a  large  con- 
vex  glass  is  placed  at  its  focal  distance  from 
the  burner ;  and  on  the  same  principle,  light 
is  thrown  to  a  great  distance  from  lighthouses, 
either  by  a  very  large  convex  lens  of  a  short 
focal  distance,  or  by  a  concave  reflector.  5.  If 
the  object  he  at  double  the  distance  of  the 
focus  from  the  glass,  the  image  will  also  be 
at  double  the  distance  of  the  focus  from  the 
glass.  Thus,  if  a  lens  of  six  inches  focal  dis- 
tance be  held  at  twelve  inches'  distance  from 
a  candle,  the  image  of  the  candle  will  be 
formed  at  twelve  inches  from  the  glass  on  the 
other  side.  6.  If  the  object  be  a  little  fur- 
ther from  the  lens  than  its  focal  distance,  an 
image  will  be  formed  at  a  distance  from 
the  object,  which  will  be  greater  or  smaller 
in  proportion  to  the  distance.  For  example, 
if  a  lens  five  inches  focus  be  held  at  a  little 
more  than  five  inches  from  a  candle,  and  a 
wall  or  screen  at  five  feet  six  inches  dis- 
tant receive  the  image,  a  large  and  inverted 
image  of  the  candle  will  be  depicted,  which 
will  be  magnified  in  proportion  as  the  dis- 
tance of  the  wall  from  the  candle  exceeds  the 
distance  of  the  lens  from  the  candle.  Sup- 
pose the  distance  of  the  lens  to  be  five  and  a 
half  inches,  then  the  distance  of  the  wall 
where  the  image  is  formed,  being  twelve 
times  greater,  the  image  of  the  candle  will  be 
magnified  twelve  times.  If  M  I  (fig.  13)  be 
considered  as  the  object,  then  0  B  will  repre- 
sent the  magnified  image  on  the  wall.  On 
this  principle,  the  image  of  the  object  is  form- 
ed by  the  small  object  glass  of  a  compound 
microscope.  On  the  same  principle,  the  large 
pictures  are  formed  by  the  Magic  Lantern 
and  the  Phantasmagoria ;  and  in  the  same 
way  small  objects  are  represented  in  a  mag- 
nified form  on  a  sheet  or  wall  by  the  Solar 
microscope.  7.  All  convex  lenses  magnify 
the  objects  seen  through  them,  in  a  greater 
or  less  degree.  The  shorter  the  focal  distance 
of  the  lens,  the  greater  is  the  magnifying 
power.  A  lens  four  inches  focal  distance 
will  magnify  objects  placed  in  the  focus  two 
times  in  length  and   breadth;    a    lens  i^Q 
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Inches  focus  will  magnify  four  times ;  a  lens 
one  inch  focus  eight  times ;  a  lens  half  an  inch 
focus  sixteen  times,  &c.,  supposing  eight 
inches  to  be  the  least  distance  at  which  we 
see  near  objects  distinctly.  In  viewing  ob- 
jects with  small  lenses,  the  object  to  be  mag- 
nified should  be  placed  exactly  at  the  focal 
distance  of  the  lens,  and  the  eye  at  about  the 
same  distance  on  the  other  side  oi'  the  lens. 
When  we  speak  of  magnifying  power,  as,  for 
example,  that  a  lens  one  inch  focal  distance 
magnifies  objects  eight  times,  it  is  to  be  un- 
derstood of  the  lineal  dimensions  of  the  ob- 
ject. But  as  every  object  at  which  we  look 
has  breadth  as  well  as  length,  the  surface  of 
the  object  is  in  reality  magnified  sixty-four 
times,  or  the  square  of  its  lineal  dimensions ; 
and  for  the  same  reason  a  lens  half  an  inch 
focal  distance  magnifies  the  surfaces  of  ob- 
jects 256  times. 

Reflections  deduced  from  the  preceding 
Subject* 

Such  are  some  of  the  leading  principles 
which  require  to  be  recognizc^d  in  the  con- 
struction of  refracting  telescopes,  microscopes, 
and  other  dioptric  instruments  whose  perform- 
ance chiefly  depends  on  the  refraction  of 
light.  It  is  worthy  of  particular  notice,  that 
all  the  phenomena  of  optical  lenses  now  de- 
scribed depend  upon  that  peculiar  property 
which  the  Creator  has  impressed  upon  the 
rays  of  light,  that,  when  they  are  refracted 
to  a  focus  by  a  convex  transparent  substance, 
they  depict  an,  accurate  image  of  the  objects 
whence  they  proceed.  This,  however,  com- 
mon, and  however  much  overlooked  by  the 
bulk  of  mankind,  is,  indeed,  a  very  wonderful 
property  with  which  light  has  been  endued. 
Previous  to  experience,  we  could  have  had 
no  conception  that  such  an  effect  would  be 
produced;  and,  in  the  first  instance,  we  could 
not  possibly  have  traced  it  to  all  its  conse- 
quences. All  the  objects  in  creation  might 
have  been  illuminated  as  they  now  are,  for 
aught  we  know,  without  sending  forth  either 
direct  or  reflected  rays  with  the  property  of 
forming  exact  representations  of  the  objects 
ivhence  they  proceed.  But  this  we  find  to 
he  a  universal  law  in  regard  to  light  of  every 
description,  whether  as  emanating  directly 
from  the  sun,  or  as  reflected  from  the  objects 
he  illuminates,  or  as  proceeding  from  bodies 
artificially  enlightened.  It  is  a  law  or  a  pro- 
perty of  light  not  only  in  our  own  system, 
ba{:  throughout  all  the  vsystems  of  the  universe 
to  which  mortal  eyes  have  yet  penetrated. 
The  rays  from  the  most  distant  star  which 
astronomers  have  described  are  endued  with 
this  property,  otherwise  they  could  never  have 
been  perceived  by  means  of  our  optical  in- 
struments ;  for  it  is  by  the  pictures  or  images 
do 


formed  in  these  instruments  that  such  distam 
objects  are  brought  to  view.  Without  this 
property  of  light,  therefore,  we  should  have 
had  no  telescopes,  and,  consequently,  we 
could  not  have  surveyed,  as  we  can  now  do, 
the  hills  and  vales,  the  deep  caverns,  the  ex- 
tensive plains,  the  circular  ranges  of  moun- 
tains, and  many  other  novel  scenes  which 
diversify  the  surface  of  our  moon.  We  should 
have  known  nothing  of  the  stupendous  spota 
which  appear  on  the  surface  of  the  sun — of 
the  phases  of  Venus- — of  the  satellites  and 
belts  of  Jupiter — -of  the  majestic  rings  of 
Saturn — of  the  existence  of  Uranus  and  his 
six  moons,  or  of  the  planets  Vesta,  Juno, 
Ceres,  and  Pallas,  nor  could  the  exact  bulks 
of  any  of  these  bodies  have  been  accurately 
determined.  But,  above  all,  we  should  have 
been  entirely  ignorant  of  the  wonderful  pheno- 
mena of  double  stars — which  demonstrate 
that  suns  revolve  around  suns — -of  the  thou- 
sands and  millions  of  stars  which  crowd  the 
profundities  of  the  Milky  Way  and  other 
regions  of  the  heavens — of  the  thousands  of 
nebulae  or  starry  systems  which  are  dispersed 
throughout  the  immensity  of  the  firmament, 
and  many  other  objects  of  sublimity  and 
grandeur,  which  fill  t|ie  contemplative  mind 
with  admiration  and  awe,  and  raise  its  facul- 
ties to  higher  conceptions  than  it  could  other- 
wise have  formed  of  the  omnipotence  and 
grandeur  of  the  Almighty  Creator. 

Without  this  property  of  the  rays  of  light, 
we  should,  likewise,  have  wanted  the  use  of 
the  microscope,  an  instrument  which  has  dis- 
closed a  world  invisible  %  common  eyes,  and 
has  opened  to  our  view  the  most  astonishing 
exhibitions  of  Divine  mechanism,  and  of  the 
wisdom  and  intelligence  of  the  Eternal  Mind. 
We  should  have  been  ignorant  of  those  tribes 
of  living  beings,  invisible  to  the  unassisted 
eye,  which  are  found  in  water,  vinegar,  and 
many  other  fluids,  many  of  which  are  twenty 
thousand  times  smaller  than  the  least  visible 
point,  and  yet  display  the  same  admirable 
skill  and  contrivance  in  their  construction  as 
are  manifested  in  the  formation  of  the  larger 
animals.  We  should  never  have  beheld  the 
purple  tide  of  life,  and  even  the  globules  of 
the  blood  rolling  with  swiftness  through  vein^ 
and  arteries  smaller  than  the  finest  hair;  or 
had  the  least  conception  that  numberlesa 
species  of  animated  beings,  so  minute  that  a 
million  of  them  are  less  than  a  grain  of  sand, 
could  have  been  rendered  visible  to  human 
eyes,  or  that  such  a  number  of  vessels,  fluids, 
movements,  diversified  organs  of  sensation, 
and  such  a  profusion  of  the  richest  oinaments 
and  the  gayest  colours  could  have  been  con- 
centrated in  a  single  point.  We  should 
never  have  conceived  that  even  the  atmo- 
sphere is  replenished  with  invisihle  animation 
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that  the  waters  abound  with  countless  myriads 
of  sensitive  existence,  that  the  whole  earth  is 
full  of  life,  and  that  there  is  scarcely  a  tree, 
plant,  or  flower  but  affords  food  and  shelter 
to  a  species  of  inhabitants  peculiar  to  itself, 
which  enjoy  the  pleasures  of  existence  and 
share  in  the  bounty  of  the  Creator.  We 
could  have  formed  no  conception  of  the 
beauties  and  the  varieties  of  mechanism  which 
are  displayed  in  the  scenery  of  that  invisible 
world  to  which  the  microscope  introduces  us 
— ^beauties  and  varieties,  in  point  of  ornament 
and  delicate  contrivance,  which  even  surpass 
what  is  beheld  in  the  visible  operations  and 
aspect  of  nature  around  us.  We  find  joints, 
muscles,  a  heart,  stomach,  entrails,  veins, 
arteries,  a  variety  of  motions,  a  diversity  of 
forms,  and  a  multiplicity  of  parts  and  func- 
tions in  breathing  atoms.  We  behold  in  a 
small  fibre  of  a  peacock's  feather,  not  more 
than  one-eighth  of  an  inch  in  length,  a  pro- 
vision of  beauties  no  less  admirable  than  is 
presented  by  the  whole  feather  to  the  naked 
eye,  a  stem  sending  out  multitudes  of  lateral 
branches,  each  of  which  emits  numbers  of 
little  sprigs,  which  consist  of  a  multitude  of 
bright  shining  globular  parts,  adorned  with  a 
rich  variety  of  colours.  In  the  sections  of 
plants,  we  see  thousands  and  ten  thousands 
of  tubes  and  pores,  and  other  vessels  for  the 
conveyance  of  air  and  juices  for  the  sustenance 
of  the  plant ;  in  some  instances,  more  than  ten 
hundred  thousand  of  these  being  compressed 
within  the  space  of  a  quarter  of  an  inch  in  diam- 
eter, and  presenting  to  the  eye  the  most  beauti- 
ful configurations.  ♦There  is^not  a  weed,  nor 
a  moss,  nor  the  most  insignificant  vegetable, 
which  does  not  show  a  multiplicity  of  vessels 
disposed  in  the  most  curious  manner  for  the 
circulation  of  sap  for  its  nourishment,  and 
which  is  not  adorned  with  innumerable  graces 
for  its  embellishment.  All  these  and  ten 
thousands  of  other  wonders  which  lie  beyond 
the  limits  of  natural  vision,  in  this  new  and 
unexplored  region  of  the  universe,  would 
have  been  for  ever  concealed  from  our  view, 
had  not  the  Creator  endued  the  rays  of  fight 
with  the  power  of  depicting  the  images  of 
objects,  when  refracted  by  convex  transparent 
substances. 

In  this  instance,  as  well  as  in  many  others, 
we  beheld  a  specimen  of  the  admirable  and 
diversified  ejQTects  which  the  Creator  can  pro- 


duce from  the  agency  of  a  single  principle  m 
nature.  By  means  of  optical  instruments,  we 
are  now  enabled  to  take  a  more  minute  and 
expansive  view  of  the  amazing  operations  of 
nature,  both  in  heaven  and  on  earth,  than 
former  generations  could  have  surmised. 
These  views  tend  to  raise  our  conceptions  of 
the  attributes  of  that  Almighty  Being  who 
presides  over  all  the  arrangements  of  the 
material  system,  and  to  present  them  to  our 
contemplation  in  a  new,  a  more  elevated,  and 
expansive  point  of  view.  There  is,  therefore, 
a  connexion  which  may  be  traced  between 
the  apparently  accidental  principle  of  the  rays 
of  light  forming  images  of  objects  and  the 
comprehensive  views  we  are  now  enabled  to 
take  of  the  character  and  perfections  of  the 
Divinity.  Without  the  existence  of  the  law 
or  principle  alluded  to,  we  could  not,  in  the 
present  state,  have  formed  precisely  the  same 
conceptions  either  of  the  Omnipotence,  or  of 
the  wisdom  and  intelligence  of  the  Almighty. 
Had  no  microscope  ever  been  invented,  the 
idea  never  could  have  entered  into  the  mind 
of  man  that  worlds  of  living  beings  exist  be 
yond  the  range  of  natural  vision,  that  organs 
ized  beings,  possessed  of  animation,  exist, 
whose  whole  bulk  is  less  than  the  ten  hundred 
thousandth  part  of  the  smallest  grain  of  saiid ; 
that,  descending  from  a  visible  point  to  thoU" 
sands  of  degrees  beyond  it,  an  invisible  world 
exists,  peopled  with  tribes  of  every  form  and 
size,  the  extent  of  which,  and  how  far  it  verges 
towards  infinity  downward,  mortals  have 
never  yet  explored,  and  perhaps  will  never 
be  able  to  comprehend.  This  circumstance 
alone  presents  before  us  the  perfections  of  the 
Divinity  in  a  new  aspect,  and  plainly  inti" 
mates  that  it  is  the  will  and  the  intention  of 
the  Deity  that  we  should  explore  his  works, 
and  investigate  the  laws  by  which  the  mate- 
rial world  is  regulated,  that  we  may  acquire 
more  expansive  views  of  his  character  and 
operations.  The  inventions  of  man,  in  rela- 
tion to  art  and  science,  are  not,  therefore,  to 
be  considered  as  mere  accidental  occurrences, 
but  as  special  arrangements  in  the  Divine 
government,  for  the  purpose  of  carrying  for- 
ward the  human  mind  to  more  clear  and 
ample  views  of  the  scenes  of  the  universe, 
and  of  the  attributes  and  the  agency  of  Him 
"  who  is  wonderful  in  counsel  and  excellent 
in  working." 


CHAPTER  IV. 


On  the  Rejlection  of  Lights 

TvL^reJledtimi  of  the  rays  of  fight  is  that  pro-    of  bodies,  they  are  thrown  back,  or  repelled. 
perty  by  which,  after  approaching  the  surfaces    It  is  in  consequence  of  this  property  that  al! 
(754) 


Hosted  by  Google 


ON  THE  REFLECTION  OF  LIGHT 


37 


ihe  objects  around  us,  and  all  the  diversified 
landscapes  on  our  globe  are  rendered  visible. 
It  is  by  light  reflected  from  their  surfaces  that 
we  perceive  the  planetary  bodies  and  their 
satellites,  the  belts  of  Jupiter,  the  rings  of  Sa- 
turn, the  various  objects  which  diversify  the 
surface  of  the  Moon,  and  all  the  bodies  in  the 
universe  which  have  no  light  of  their  own. 
When  the  rays  of  light  fall  upon  rough  and 
uneven  surfaces,  they  are  reflected  very  irregu- 
larly, and  scattered  in  all  directions,  in  con- 
sequence  of  which  thousands  of  eyes,  at  the 
same  time,  may  perceive  the  same  objects,  in 
all  their  peculiar  colours,  aspects  and  relations. 
But  when  they  fall  upon  certain  smooth  and 
polished  surfaces,  they  are  *  reflected  with  re- 
gularity, and  according  to  certain  laws.  Such 
surfaces,  when  highly  polished,  are  called 
Mirrors  or  Speculums ;  and  it  is  to  the  re- 
flection of  light  from  such  surfaces,  and  the 
effects  it  produces,  that  I  am  now  to  direct 
the  attention  of  the  reader. 

Mirrors,  or  specula,  may  be  distinguished 
into  three  kinds,  plane,  concave,  and  convex, 
according  as  they  are  bounded  by  plane  or 
spherical  surfaces.  These  are  made  either 
oi  metal  or  of  glass,  and  have  their  surfaces 
highly  polished  for  the  purpose  of  reflecting 
the  greatest  number  of  rays.  Those  made 
of  glass  are  foliated  or  quicksilvered  on  one 
side  ;  and  the  metallic  specula  are  generally 
formed  of  a  composition  of  different  metallic 
substances,  which,  when  accurately  polished, 
is  found  to  reflect  the  greatest  quantity  of 
light.  I  shall,  in  the  first  place,  illustrate  the 
phenomena  of  reflection  produced  hy  plane 
mirrors. 

When  light  impinges,  or  falls,  upon  a  po- 
lished flat  surface,  rather  more  than  the  half 
of  it  is  reflected,  or  thrown  back  in  a  direction 
similar  to  that  of  its  approach ;  that  is  to  say, 
if  it  fall  perpendicularly  on  the  polished  sur- 
face, it  will  be  perpendicularly  reflected ;  but 
if  it  fall  obliquely,  it  will  be  reflected  with  the 
same  obliquity.  Hence,  the  following  funda- 
mental law  regarding  the  reflection  of  light 
has  been  deduced  both  from  experiment  and 
mathematical  demonstration,  namely,  that  the 
angle  of  reflection  is,  in  all  cases,  exactly 
equal  to  the  angle  of  incidence.  This  is  a 
law  which  is  universal  in  all  cases  of  reflec- 
tion, whether  it  be  from  plane  or  spherical 
surfaces,  or  whether  these  surfaces  be  concave 
or  convex,  and  which  requires  to  be  recog- 
nized in  the  construction  of  all  instruments 
which  depend  on  the  reflection  of  the  rays  of 
light.  The  following  figure  (fig.  14)  will  il- 
lustrate the  position  now  stated : 

Let  A  B  represent  a  plane  mirror,  and  C 
D  a  line  or  ray  of  light  perpendicular  to  it. 
Let  F  i).represent  the  incident  ray  from  any 
object,  then  J)  E  will  be  the  reflected  ray, 


thrown  back  in  the  direction  fi*om   D  to  E, 
and  it  will  make,  with  the  perpendicular  C 


D,  the  same  angle  which  the  incident  ray  F 
D  did  with  the  same  perpendicular;  that  is, 
the  angle  F  D  C  will  be  equal  to  the  angle 
ED  O,  in  mi  cases  of  obliquity.  The  inci- 
dent ray  of  light  may  be  considered  as  re- 
bounding from  the  mirror,  like  a  tennis  ball 
from  a  marble  pavement,  or  the  wall  of  a 
court. 

In  viewing  objects  by  reflection,  we  see 
them  in  a  diflferent  direction  from  that  in 
which  they  really  are,  namely,  along  the  Xmc 
in  which  the  rays  come  to  us  last.  Thus,  if 
A  B  (fig.  15)  represent  a  plane  mirror,  the 
image  of  an  object,  C,  appears  to  the  eye  at 

E,  behind  the  mirror,  in  the  direction  E  G, 
and  always  in  the  intersection  G  of  the  per- 

Fig.  15. 


pendicular  C  G,  and  the  reflected  ray  E  G ; 
and,  consequently,  at  G  as  far  behind  the  mir- 
ror as  the  object  C  is  before  it.  We  there- 
fore see  the  image  in  the  line  E  G,  the  direc- 
tion in  which  the  reflected  rays  proceed.  A 
plane  mirror  does  not  alter  the  figure  or  size 
of  objects ;  but  the  whole  image  is  equal  and 
similar  to  the  whole  object,  and  has  a  like 
situation  with  respect  to  one  side  of  the  plane, 
that  the  object  has  with  respect  to  the  other. 

Mr.  Walker  illustrates  the  manner  in  which 
we  see  our  faces  in  a  mirror  by  the  following 
figure  (16)  A  R  represents  a  mirror,  and  o  c 
a  person  looking  into  it.  If  we  conceive  a 
ray  proceeding  from  the  forehead  c  e,  it  will 
be  sent  to  the  eye  at  o,  agreeably  to  the  an- 
gle of  incidence  and  reflection.  But  the  mind 
puts  CEO  into  one  line,  and  the  forehead  is 
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Keen  at  h,  as  if  the  lines  ceo  had  turned  on 
a  hinge  at  e.     It  seems  a  wonderful  faculty  of 

Fig.  16. 


tihe  mind  to  put  the  two  oblique  lines  c  e  and 
o  E  into  one  straight  hue  o  h,  yet  it  is  seen 
every  time  we  look  at  a  mirror.  For  the  ray 
has  really  travelled  from  c  to  e,  and  from  e  to 
o,  and  it  is  that  journey  which  determines  the 
distance  of  the  object ;  and  hence  we  see  our- 
selves as  far  beyond  the  mirror  as  we  stand 
from  it.  Though  a  ray  is  here  taken  only 
from  one  part  of  the  face,  it  may  be  easily 
conceived  that  rays  from  every  other  part  of 
the  face  must  produce  a  similar  effect. 

In  every  plane  mirror  the  image  is  always 
equal  to  the  object,  at  what  distance  soever  it 
may  be  placed ;  and,  as  the  mirror  is  only  at 
half  the  distance  of  the  image  from  the  eye, 
it  will  completely  receive  an  image  of  hvice 
its  own  length.  Hence,  a  man  six  feet  high 
may  view  himself  completely  in  a  looking- 
glass  of  three  feet  in  length  and  half  his  own 
breadth ;  and  this  will  be  the  case  at  whatever 
distance  he  may  stand  from  the  glass.  Thus, 
the  man  A  C  (fig,  17)  will  see  the  whole  of 

Fig.  17. 


ror,  at  b  ;  these  will  be  reflected  at  an  cqnai 
angle  to  the  eye  in  the  direction  b  a,  as  if 
they  had  proceeded  in  the  direction  D  b  A, 
so  that  the  man  will  see  his  foot  at  D,  and, 
consequently,  his  whole  figure  oX  B  D. 

A  person,  when  looking  into  a  mirror,  will 
always  see  his  own  image  as  far  beyond  the 
mirror  as  he  is  before  it;  and  as  he  moves  to 
or  from  it,  the  image  will,  at  the  same  time, 
move  towards  or  from  him  on  the  other  side, 
but  apparently  with  a  double  velocity,  because 
the  two  motions  are  equal  and  contrary.  In 
like  manner,  if,  while  the  spectator  is  at  rest, 
an  object  be  in  motion,  its  image  behind  the 
mirror  will  be  seen  to  move  at  the  same  time. 
And  if  the  spectator  moves,  the  images  of  ob- 
jects that  are  at  rest  will  appear  to  approach 
or  recede  from  him,  after  the  same  manner  as 
when  he  moves  towards  real  objects ;  plane 
mirrors  reflecting  not  only  the  object,  but  the 
distance  also,  and  that  exactly  in  its  natural 
dimensions.  The  following  principle  is  sufli- 
cient  for  explaining  most  of  the  phenomena 
seen  in  a  plane  mirror,  namely :  That  the 
image  of  an  object  seen  in  a  plane  mirror  is 
always  in  a  perpendicular  to  the  mirror 
joining  the  object  and  the  image,  and  that 
the  image  is  as  much  on  one  side  the  miiror 
as  the  object  is  on  the  other. 
Reflection  by  Convex  and  Concave  Mirrors, 

Both  convex  and  concave  mirrors  are  form- 
ed of  portions  of  a  sphere.  A  convex  specu- 
lum is  ground  and  polished  in  a  concave  dish 
or  tool  which  is  a  portion  of  a  sphere,  and  a 
concave  speculum  is  ground  upon  a  convex 
tool.  The  inner  surface  of  a  sphere  brings 
parallel  rays  to  a  focus  at  one-fourth  of  its 
diameter,  as  represented  in  the  following 
figure,  where  C  is  the  centre  of  the  sphere 

Fig.  18. 


his  own  image  in  the  glass  a  b,  which  is  but 
one  half  as  large  as  himself.  The  rays  from 
the  head  pass  to  the  mirror  in  the  line  A  a, 
perpendicular  to  the  mirror,  and  are  returned 

to  the  eye  in  ihe  same  line ;  consequently,  — 

having  travelled  twice  the  length  A  a,  the    on  which  the  concave  speculum  A  B  \n>  form 
man  must  see  his  head  at  B.     From  his  feet,    ed,  and  F  the  focus  where  parallel  rays  from 
C,  rays  will  be  sent  to  the  bottom  of  the  mu:-    a  distant  object  would  be  united  afl;er  refleo 
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lion,  that  is,  at  \  one-half  the  radius,  or  one- 
fourth  of  the  diameter  from  the  surface  of  the 
speculum.  Were  a  speculum  of  this  kind 
presented  to  the  sun,  F  would  be  the  point 
where  the  reflected  rays  would  be  converged 
to  a  focus,  and  set  fire  to  combustible  sub- 
stances if  the  speculum  be  of  a  large  diameter, 
and  of  a  short  focal  distance.  Were  a  candle 
placed  in  that  focus,  its  light  would  be  re- 
flected parallel,  as  represented  in  the  figure. 
The«e  are  properties  of  concave  specula  which 
require  to  be  particularly  attended  to  in  the 
construction  of  reflecting  telescopes.  It  fol- 
lows, from  what  has  been  now  stated,  that,  if 
we  intend  to  form  a  speculum  of  a  certain 
focal  distance,  for  example,  two  feet,  it  is  ne- 
cessary that  it  should  be  grou7id  upon  a  tool 
whose  radius  is  double  that  distance,  or  four 
feet. 

Properties  of  Convex  Mirrors, 

From  a  convex  surface,  parallel  rays,  when 
reflected,  are  made  to  diverge:  convergent 
rays  are  reflected  less  convergent;  and  di- 
vergent rays  are  rendered  more  divergent.  It 
is  the  nature  of  all  convex  mirrors  and  sur- 
faces to  scatter  or  disperse  the  rays  of  light, 
and  in  every  instance  to  impede  their  con- 
vergence. The  following  figure  shows  the 
course  of  parallel  rays  as  reflected  from  a  con- 
vex mirror.  A  E  B  is  the  convex  surface  of 
the  mirror,  and  K  A,  I E,  L  B  parallel  rays 
falling  upon  it.  These  rays,  when  they  strike 
the  mirror,  are  made  to  diverge  in  the  direc- 
tion A  G,  B  H,  &c.,  and  both  the  parallel 
and  divergent  rays  are  here  represented  as 
they  appear  in  a  dark  chamber  when  a  con- 
vex  miiTor  is  presented  to  the  solar  rays.  The 
dotted  lines  denote  only  the  course  or  ten- 
dency of  the  reflected  rays  towards  the  virtual 
focns  F,  were  they  not  intercepted  by  the 
mirror.  This  virtual  focus  is  just  equal  to 
half  the  radius  C  E, 

Fig.  19. 
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The  following  are  some  of  the  properties  of 
©ORvex  mirrors :  1 .  The  im  age  appears  al- 
fr!5.ys  eroct,  and  behind  the  reflecting:  surface. 
%z  The  image  is  always  smoller  than  tht  ^h- 
jtdy  aiid  the  diminution  is  greater  in  propor- 


tion as  the  object  is  further  from  the  mirror ; 
but  if  the  object  touch  the  mirror,  the  image 
at  the  point  of  contact  is  of  the  same  size  as 
the  object.  3.  The  image  does  not  appear  so 
far  behind  the  reflecting  surface  as  in  a  plane 
mirror.  4.  The  image  of  a  straight  object, 
placed  either  parallel  or  oblique  to  the  mirror, 
is  seen  curved  in  the  mirror,  because  tne  dif- 
ferent points  of  the  object  are  not  all  at  an 
equal  distance  from  the  surface  of  the  mirror. 
6.  Concave  mirrors  have  a  real  focus  where 
an  image  is  actually  formed;  but  convex 
specula  have  only  a  virtual  focus,  and  this 
focus  is  behind  the  mirror,  no  image  of  any 
object  being  formed  before  it. 

The  following  are  some  of  the  purposes  to 
which  convex  mirrors  are  applied ;  They  are 
frequently  employed  by  painters  for  reducing 
the  proportions  of  the  objects  they  wish  to 
represent,  as  the  images  of  objects  diminish 
in  proportion  to,  the  smallness  of  the  radius 
of  convexity,  and  to  the  distances  of  objects 
from  the  surface  of  the  mirror.  They  form  a 
fashionable  part  of  modern  furniture,  as  they 
exhibit  a  large  company  assembled  in  a  room, 
with  all  the  furniture  it  contains,  in  a  very 
small  compass,  so  that  a  large  hall,  with  all 
its  objects,  and  even  an  extensive  landscape, 
being  reduced  in  size,  may  be  seen  from  one 
point  of  view.  They  are  likewise  used  as 
the  small  specula  of  those  reflecting  telescopes 
which  are  fitted  up  on  the  Cassegrainian 
plan,  and  in  the  construction  of  Smith's  Re- 
flecting Microscope.  But,  on  the  whole,  they 
are  very  little  used  in  the  construction  of 
optical  instruments. 

Properties  of  Concave  Speculums. 

Concave  specula  have  properties  very  dif- 
ferent from  those  which  are  convex ;  they 
are  of  more  importance  in  the  construction  of 
reflecting  telescopes  and  other  optical  instru- 
ments, and  therefore  require  more  minute 
description  and  illustration.  Concave  mirrors 
cause  parallel  rays  to  converge ;  they  increase 
the  convergence  of  rays  that  are  already  con- 
verging ;  they  diminish  the  divergence  of  di- 
verging rays,  and  in  some  cases  render  them 
parallel,  and  even  convergent ;  which  effects 
are  all  in  proportion  to  the  concavity  of  the 
mirror.  The  following  figures  show  the 
course  of  diverging  and  parallel  rays  as  re- 
flected fi'om  concave  mirrors. 

Fig.  20  represents  the  course  of  parallel 
rays,  and  A  B  the  concave  mirror  on  which 
they  fall.  In  this  case,  they  are  refiectcd  so 
as  to  unite  at  F,  which  point  is  distant  from 
its  surface  one-fiurth  of  the  diameter  of  the 
sphere  of  the  mirror.  This  point  is  called 
the  foc'ig  of  parallel  rays,  or  the  true  focus  of 
the  mirror;  and,  since  the  sunbeams  aro 
parallel  among  themselves,  if  they  are  re- 
3  S  (757) 
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ftei^-sd  on  a  concave  mirror,  they  wi?i  be  le- 
^cted  tc  that  point,  and  there  burn  in  pro- 
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portion  to  the  quantity  of  rays  collected  by 
the  mirror.  Fig  21  shows  the  direction  of 
dvjerging  roys,  or  those  which  proceed  from 
a  near  object.  These  rays  proceeding  from 
an  object  farther  from  the  'mirror  than  the 


Fig.  21. 
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true  focal  point,  as  from  D  to  ^1  and  to  B, 
are  reflected  converging,  and  meet  at  a  point 
jP,  further  from  the  mirror  than  the  focal 
point  of  parallel  rays.  If  the  distance  of  the 
radiantj  or  object  D,  be  equal  to  the  radius 
C  E,  then  will  the  focal  distance  be  likewise 
equal  to  the  radius  ;  that  is,  if  an  object  be 
placed  in  the  centre  of  a  concave  speculum, 
the  image  will  be  reflected  upon  the  object, 
or  they  will  seem  to  meet  and  embrace  each 
other  in  the  centre.  If  the  distance  of  the 
radiant  be  equal  to  half  the  radius,  its  image 
will  be  reflected  to  an  infinite  distance,  for 
the  rays  will  then  be  parallel.  If,  therefore, 
a  luminous  body  be  placed  at  half  the  radius 
from  a  concave  speculum,  it  will  enlighten 
places  directly  before  it  at  great  distances. 
Hence  their  use  when  placed  behind  a  candle 
in  a  common  lantern ;  hence  their  utility  in 
throwing  light  Tipon  objects  in  the  Magic 
Lantern  and  Phantasmagoria ;  and  hence  the 
vast  importance  of  very  large  mirrors  of  this 
description,  as  now  used  in  most  of  our  light- 
houses, for  throwing  a  brilliant  light  to  great 
distances  at  sea,  to  guide  the  mariner  when 
'•iirecting  his  course  under  the  cloud  of  night. 
(758) 


When  converging  rays  fall  upon  a  coD.cavi 
nnrror,  they  are  retiected  more  converging 
and  unite  at  a  point  between  the  focus  of 
parallel  rays  and  the  mirror ;  that  is,  nearer 
*he  mirror  than  one-half  the  radius ;  and  their 
precise  degree  of  convergency  will  be  greater 
than  that  wherein  they  converged  before  re- 
flection. 

Of  the  Images  formed  by  Concave  Mirrors. 

If  rays  proceeding  from  a  distant  object 
fall  upon  a  concave  speculum,  they  will  paint 
an  image  or  representation  of  the  object  on 
its  focus  before  the  mirror.  This  image  will 
be  inverted,  because  the  rays  cross  at  the 
points  where  the  image  is  formed.  We  have 
already  seen  that  a  convex  glass  forms  an 
image  of  an  object  behind  it ;  the  rays  of  light 
from  objects  pass  through  the  glass,  and  the 
picture  is  formed  on  the  side  furthest  from 
the  object.  But  in  concave  mirrors  the  images 
of  distant  objects — and  of  all  objects  that  are 
further  from  its  surface  than  its  principal 
focus — are  formed  befo7'e  the  mirror,  or  on 
the  same  side  as  the  object.  In  almost  every 
other  respect,  however,  the  eflect  of  a  concave 
mirror  is  the  same  as  that  of  a  convex  lens, 
in  regard  to  the  formation  of  images,  and  the 
course  pursued  by  the  rays  of  light,  except 
that  the  effect  is  produced  in  the  one  case  by 
refraction,  and  in  the  other  by  reflection. 
The  following  figure  represents  the  manner 

Fig.  22. 


in  which  images  are  formed  by  concave 
mirrors ;  G  F  represents  the  reflecting  surface 
of  the  mirror;  0  A  B,  the  object;  and  I  a  M 
the  image  formed  by  the  mirror.  The  rays 
proceeding  from  O  will  be  carried  to  the  mirror 
in  the  direction  0  G,  and,  according  to  the 
law  that  the  angle  of  incidence  is  equal  to  the 
angle  of  reflection,  will  be  reflected  to  I  in 
the  direction  G  L  In  like  manner,  the  rays 
fi-om  B  will  be  reflected  from  F  to  M,  the 
rays  from  A  will  be  reflected  to  a,  and  so  of 
all  the  intermediate  rays,  so  that  an  inverted 
image  of  the  object  0  B  will  be  formed  at  / 
3L     If  the  rays  proceeded  from  objects  at  a 
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very  great  distance,  the  image  would  be  formed 
in  the  real  focus  of  the  mirror,  or  at  one- 
fourth  the  diameter  of  the  sphere  from  its 
surface  ;  but  nearer  objects,  which  send  forth 
diverging  rays,  will  have  their  images  formed 
a  little  further  from  the  surface  of  the  mirror. 
If  we  suppose  a  real  object  placed  at  /  M, 
then  0  B  will  represent  its  magnified  image, 
which  will  be  larger  than  the  object  in  pro- 
portion to  its  distance  from  the  mirror.  This 
may  be  experimental!}''  illustrated  by  a  con- 
cave mirror  and  a  candle.  Suppose  a  concave 
mirror  whose  focal  distance  is  five  inches, 
and  that  a  candle  is  placed  before  it  at  a  little 
beyond  its  focus  (as  at  7  M,)  suppose  at  five 
and  a  half  inches,  and  that  a  wall  or  white 
screen  receives  the  image,  at  the  distance  of 
five  feet  six  inches  from  the  mirror,  an  image 
of  the  candle  will  be  formed  on  the  wall  which 
will  be  twelve  times  longer  and  broader  than 
the  candle  itself.  In  this  way  concave  mirrors 
may  be  made  to  magnify  the  images  of  ob- 
jects to  an  indefinite  extent.  This  experi- 
ment is  an  exact  counterpart  of  what  is  ef- 
fected in  similar  circumstances  by  a  convex 
lens,  as  described  p.  34 ;  the  mirror  perform- 
ing the  same  thing  by  reflection  as  the  lens 
did  by  refraction. 

From  what  has  been  stated  in  relation  to 
concave  mirrors,  it  will  be  easily  understood 
how  they  make  such  powerful  burning-glasses. 
Suppose  the  focal  distance  of  a  concave  mirror 
to  be  twelve  inches,  and  its  diameter  or  breadth 
twelve  inches.  When  the  sun's  rays  fall  on 
such  a  mirror,  they  form  an  image  of  the  sun 
at  the  focal  point,  whose  diameter  is  found  to 
be  about  one-tenth  of  an  inch.  All  the  rays 
which  fall  upon  the  mirror  are  converged 
into  this  small  point,  and,  consequently,  their 
intensity  is  in  proportion  as  the  square  of  the 
surface  of  the  mirror  is  to  the  square  of  the 
image.  The  squares  of  these  diameters  are 
as  14,400  to  1,  and,  consequently,  the  den- 
sity of  the  sun's  rays,  in  the  focus,  is  to  their 
density  on  the  surface  of  the  mirror  as  14,400 
to  1.  That  is,  the  heat  of  the  solar  rays  in 
the  focus  of  such  a  mirror  will  be  fourteen 
thousand  four  hundred  times  greater  than  be- 
fore ;  a  heat  which  is  capable  of  producing 
very  powerful  effects  in  melting  and  setting 
fire  to  substances  of  almost  every  description. 
Were  we  desirous  of  forming  an  image  by 
a  concave  speculum  which  shall  be  exactl}?- 
equal  to  the  object,  the  object  must  be  placed 
exactly  in  the  centre ;  and,  by  an  experiment 
of  this  kind,  the  centre  of  the  concavity  of  a 
mirror  may  be  found. 

In  the  cases  now  stated,  the  images  of  ob- 
jects are  all  formed  in  the  front  of  the  mirror, 
or  between  it  and  the  object.  But  there  is  a 
case  in  which  the  image  is  formed  behhid  the 
mirror.     This   happens  when  the  object   is 


placed  between  the  mirror  and  the  focus  of 
parallel  rays,  and  then  the  image  is  larger 
than  the  object.  In  fig.  23,  G  F  is  di  concave 
mirror,  whose  focus  of  parallel  rays  is  at  E» 
If  an  object  O  i^  be  placed  a  little  within  this 

Fig.  33. 


focus,  as  at  A,  a  large  image  I  M  will  be 
seen  behind  the  mirror,  somewhat  curved 
and  erect,  which  will  be  seen  by  an  eye  look- 
ing directly  into  the  front  of  the  mirror. 
Here  the  image  appears  at  a  greater  distance 
behind  the  mirror  than  the  object  is  before  it, 
and  the  object  appears  magnified  in  propor- 
tion to  its  distance  from  the  focus  and  the 
mirror.  If  the  mirror  be  one  inch  focal  dis- 
tance, and  the  object  be  placed  eight-tenths 
of  an  inch  from  its  surface,  the  image  would 
be  five  times  as  large  as  the  object  in  length 
and  breadth,  and,  consequently,  twenty-five 
times  larger  in  surface.  In  this  way  small 
objects  may  be  magnified  by  reflection,  as 
such  objects  are  magnified  by  refraction,  in 
the  case  of  deep  convex  lenses.  When  such 
mirrors  are  large,  for  example  six  inches 
diameter,  and  eight  or  ten  inches  focal  dis- 
tance, they  exhibit  the  human  face  as  of  an 
enormous  bulk.  This  is  illustrated  by  the 
following  figure :  Let  c  n,  fig.  24,  represent 
the  surface  of  a  concave  mirror,  and  A.  a  hu- 

Fig.  24. 


man  face  looking  into  it,  the  face  will  appear 
magnified  as  represented  by  the  image  be- 
hind the  mirror,  n  a.  Suppose  a  ray,  a  c, 
proceeding  from  the  forehead,  and  another, 
M  ]N",  from  the  chin ;  these  rays  are  reflected 
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to  the  person's  eye  at  o,  which,  consequently, 
sees  the  image  oi'  the  Unes  of  reflection  o  d, 
o  a,  and  in  the  angle  n  o  a,  and,  conse- 
quently, magnified  much  beyond  the  natural 
»ize,  and  at  a  small  distance  behind  the  mirror. 

If  we  suppose  the  side  t  u  to  represent  a 
convex  mirror,  and  the  figure  Baa  head  of 
an  ordinary  size,  then  the  figure  A  will 
represent  the  diminished  appearance  which  a 
person's  face  exhibits  when  viewed  in  such  a 
mirror.  It  will  not  only  appear  reduced,  but 
somewhat  distorted  ;  because,  from  the  form 
of  the  mirror,  one  part  of  the  object  is  nearer 
to  it  than  another,  and,  consequently,  will  be 
reflected  under  a  diiferent  angle. 

The  effect  we  have  now  mentioned  as  pro- 
duced by  concave  mirrors  will  only  take  place 
when  the  eye  is  nearer  the  mirror  than  its 
principal  focus.  If  the  spectator  retire  be- 
yond this  focus — suppose  to  the  distance  of 
five  or  six  feet — he  will  not  see  the  image 
behind  the  mirror,  but  he  will  see  his  image 
in  a  diminished  form,  hanging  upside  down, 
and  suspended  in  the  air,  in  a  line  between 
his  eye  and  the  mirror.  In  this  case,  his 
image  is  formed  before  the  mirror,  as  repre- 
sented at/i¥,  fig.  22.  In  this  situation,  if 
you  hold  out  your  hand  towards  the  mirror, 
the  hand  of  the  image  will  come  out  towards 
your  hand,  and,  when  at  the  centre  of  con- 
cavity, it  will  be  of  an  equal  size  with  it,  and 
you  may  shake  hands  with  this  aerial  image. 
If  you  move  your  hand  further,  you  will  find 
the  hand  of  the  image  pass  by  your  hand, 
and  come  between  it  and  your  body.  If  you 
move  your  hand  towards  either  side,  the  hand 
of  the  image  will  move  towards  the  other  side  ; 
the  image  moving  always  in  a  contrary  di- 
rection to  the  object.  All  this  while  the  by- 
standers, if  any,  see  nothing  of  the  image,  be- 
cause none  of  the  reflected  rays  that  form  it 
can  enter  their  eyes.  The  following  figure 
represents  a   phenomenoij   produced   in  the 

Fig.  25. 


same  manner,  a  b  is  a  concave  mirror  of  a 
large  size ;  c  represents  a  hand  presented  be- 
fore the  mirror,  at  a  point  further  distant  than 
its  focus.  In  this  case  an  inverted  image  of 
the  hand  is  formed,  which  is  seen  hanging  in 
the  air  at  m.  The  rays  c  and  n  go  diverg- 
ing from  the  two  opposite  points  of  the  ob- 
(760) 


ject,  and,  by  the  action  of  the  mirror,  thej 
are  again  made  to  converge  to  points  at  o  and 
s,  where  they  cross,  form  an  image,  and 
again  proceed  divergent  to  the  -eye.* 

In  consequence  of  the  properties  of  concave 
mirrors  now  described,  many  curious  experi- 
ments and  optical  deceptions  have  been  ex- 
hibited. The  appearance  of  images  in  the 
air,  suspended  between  the  mirror  and  the 
object,  have  sometimes  been  displayed  with 
such  dexterity,  and  an  air  of  mystery,  as  to 
have  struck  with  astonishment  those  who 
were  ignorant  of  the  cause.  In  this  way  birds, 
flying  angels,  spectres,  and  other  ohjects  have 
been  exhibited  ;  and  when  the  hand  attempts 
to  lay  hold  on  them,  it  finds  them  to  be  no- 
thing, and  they  seem  to  vanish  into  air.  An 
apple  or  a  beautiful  flower  is  presented,  and 
when  a  spectator  attempts  to  touch  it,  it  in- 
stantly vanishes,  and  a  death's  head  immedi- 
ately appears,  and  seems  to  snap  at  his  fingers. 
A  person  with  a  drawn  sword  appears  before 
him,  in  an  attitude  as  if  about  to  run  him 
through,  or  one  terrific  phantom  starts  up 
after  another,  or  sometimes  the  resemblances 
of  deceased  persons  are  made  to  appear,  as  if, 
by  the  art  of  conjuration,  they  had  been  forced 
to  return  from  the  world  of  spirits.  In  all 
such  exhibitions  a  very  large  concave  mirror 
IS  requisite,  a  brilliant  light  must  be  thrown 
upon  the  objects,  and  every  arrangement  is 
made,  by  means  of  partitions,  &c.,  to  prevent 
either  the  light,  the  mirror,  or  the  object  fi-oni 
being  seen  by  the  spectators.  The  following 
representation  (fig.  26)  shows  one  of  the  me- 
thods by  which  this  is  eflected :  a  is  a  large 
concave  mirror,  either  of  metal  or  of  glass, 
placed  on  the  back  part  of  a  dark  box :  n  is 
the  performer,  concealed  from  the  spectators 
by  the  cross  partition  c ;  e  is  a  strong  light, 
which  is  likewise  concealed  by  the  partition 
I,  which  is  thrown  upon  the  actor  d  or  upon 
any  thing  he  may  hold  in  his  hand.  If  he  hold 
a  book,  as  represented  in  the  figure,  the  light 
reflected  from  it  will  pass  between  the  parti- 
tions cand  I  to  the  mirror,  and  will  be  re- 
flected from  thence  to  z,  where  the  image  of 
the  book  will  appear  so  distinct  and  tangible, 
that  a  spectator  looking  through  the  opening 
at  X  will  imagine  that  it  is  in  his  power  to 

*  Small  glass  mirrors  for  performing  some  of 
the  experiments,  and  illustrating  some  of  the 
principles  above  alluded  to,  may  be  made  of  the 
flattest  kind  of  common  watch  glasses,  by  foliat- 
ing or  covering  with  tin  leaf  and  quicksilver  the 
convex  surfaces  of  such  glasses.  Their  focal  dis- 
tances will  generally  be  from  one  to  two  inches. 
Such  mirrors  afford  a  very  large  arid  beautiful 
view  of  the  eye,  when  held  within  their  focal 
distance  of  that  organ.  Such  mirrors  will  also 
serve  the  purpose  of  reflecting  light  on  the  objects 
viewed  by  microscopes.  Larger  mirrors,  of  from 
four  to  eight  inches  diameter,  may  be  had  of  the 
optician  at  different  prices,  varying  from  five  to 
♦en  or  fifteen  shillings. 
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take  hold  of  it.     In  like  manner,  the  person    gently  out,  it  will  appear  that,  while  the  part, 
situated  at  d  may  exhibit  ^his  own  head  or    5  C  is  emptying,  that  of  a  b   in  the  image 

is  filling,  and,  what  is  remarkable,  as  soon  as 
Fig'  26.  the  bottle  is  empty  the  illusion   ceases,  the 

image  also  appearing  entirely  empty.  The 
remarkable  circumstances  in  this  experiment 
are,  first,  not  only  to  see  the  object  where  it 
is  not,  but  also  where  its  image  is  not;  and, 
secondly,  that  of  two  objects  which  are  really 
in  the  same  place,  as  the  surface  of  the  bottle 
and  the  water  it  contains,  the  one  is  seen  at 
one  place,  and  the  other  at  another;  and  to 
see  the  bottle  in  the  place  of  its  image,  and 
the  water  where  neither  it  nor  its  image  is. 

The  following  experiments  are  stated  by 
Mr.  Ferguson,  in  his  "Lectures  on  Select 
Subjects,"  &c:  "If  a  fne  be  made  in  a  large 
room,  and  a  smooth  mahogany  table  be  placed 
at  a  good  distance  near  the  wall,  before  a  large 
concave  mirror,  so  placed  that  the  light  of  the 
Dody,  a  portrait,  a  painting,  a  spectre,  a  land-  ^^^*^  "^^7  ^e  reflected  from  the  mirror  to  its 
scape,  or  any  object  or  device  which  he  can  ^^^^^  ^P°^^  ^^®  ^^^^^  5  if  a  person  stand  by 
strongly  illuminate.  *^^®   table,  he  will  see  nothing  upon  it  but  a 

There  is  another  experiment,  made  with  a  J^ngish  beam  of  light:  but  if  he  stand  at  a 
concave  mirror,  which  has  somewhat  puzzled  distance  towards  the  fire,  not  directly  between 
philosophers  to  account  for  the  phenomena.  *^^^  ^^^*®  ^^^^  mirror,  he  will  see  an  image  of 
Take  a  glass  bottle,  A  C  (fig.  27,)  and  fill  it  ^^^^  ^^"®  ^P^^^  ^^^e  table,  large  and  erect.  And 
with  water  to  the  point  B ;  leave  the  upper    if  another  person,  who  knows  nothing  of  the 

matter  beforehand,  should  chance  to  come 
into  the  room,  and  should  look  from  the  fire 
towards  the  table,  he  would  be  startled  at  the 
appearance,  for  the  table  would  seem  to  be 
on  fire,  and  by  being  near  the  wainscot,  to 
endanger  the  whole  house.  In  this  experi- 
ment there  should  be  no  light  in  the  room 
but  what  proceeds  from  the  fire,  and  the  mir- 
rr.r  ought  to  be  at  least  fifteen  inches  in 
part,  5  C,  empty,  and  cork  it  in  the  common  ^i^f^^^^f ^-  ^^  ^^^  fire  be  darkened  by  a  screen, 
manner.  Place  this  bottle  opposite  a  concave  ^r  ^  '"^^  candle  'be  placed  at  the  back  of 
mirror,  and  beyond  its  focus,  that  it  may  ap-  ^^-t,  ^'"'^^^'^^  ^  P^^^"^^  standmg  by  the  candle 
pear  reversed,  and  before  the  mirror  place  ^^^^  ^^^  ^'^^  appearance  of  a  very  fine  large 
yourself  still  further  distant  from  the  bottle,  f ^\  ^'■'  ^f^^^'''  P^^^®*'  ^P^^^  ^^i®  t^^^^'  ^^ 
and  it  will  appear  in  the  situation  a  b  c.  ^""'^^^  ^^  ^^"^^  ^''  Jupiter.  And  if  a  small 
Now  it  is  remarkable,  in  this  apparent  bottle,  J^"^  taper--whose  flame  is  much  less  than  the 
that  the  ivafer,  which,  according  to  the  laws  „  "'^  ""^  ^T-  ^^^^^^— ^^^  P^^^^^  ^^^^  the  can- 
of  catoptrics,  should  appear  at  a  b,  appears,  T'  ^  J^*^"'^^,  ^.^  ^^^  P^^"^^  ^'^^  appear  on 
on  the  contrary,  at   b  c,  and,  consequently,    T  J  ^"?  '^  *^®  ^^P""''  ^^  '^'''''''^  '^"^^ 

the  part  A  b  appears  empty.  If  the  bottle  be  ^j®  ''''^,'^^^^  ^^^  satellite  will  go  round  the 
inverted    and    placed  before    the    mirror,   its    ^  ^^^1^ 

image  will  appear  in  its  natural  erect  position,  ^^"^  ^^^^^,  illustrations  of  the  efibcts  of 
and  the  water,  which  is  in  reality  at  J5  C  ^o",f  ^^  ^Pf  ^^^  might  have  been  given,  but  I 
(fig.  28,)  is  seen  at  a  b.     If,  while  the  bottle    '^^!^    conclude   this   department    by    briefly 

stating  some  of  the  general  properties  ofspe- 


Fig.  27. 


Fig.  28. 


culums. 

1.  There  is  a  great  resemblance  between 
the  properties  of  convex  lenses  and  concave 
mirrors.  They  both  form  an  inverted  focal 
image  of  any  remote  object,  by  the  conver- 
gence of  the  pencil  of  rays.  In  those  mstru- 
ments  whose  performances  are  the  effects  of 
reflection,  as  reflecting  telescopes,  the  concave 
is  inverted,  it  be  uncorked,  arid  the  water  run  mirror  is  substituted  in  the  place  of  the  con» 
^^  3s2  (761) 


Hosted  by  Google 


44 


THE  PRACTICAL  ASTKONOMEK. 


vex  lens.  The  whole  effect  of  these  instru- 
ments, in  bringing  to  view  remote  objects  in 
heaven  and  on  earth,  entirely  depends  on  the 
property  of  a  concave  mirror  in  forming 
images  of  objects  in  its  focus.  2.  The  image 
of  an  object  placed  beyond  the  centre  is  less 
than  the  object ;  if  the  object  be  placed  be- 
tween the  principal  focus  and  the  centre,  the 
image  is  greater  than  the  object.  In  both 
cases  the  image  is  inverted.  3.  When  the 
object  is  placed  between  the  focus  and  the 
mirror,  the  image  situated  behind  the  mirror 
is  greater  than  the  object,  and  it  has  the  same 
direction;  in  proportion  as  the  object  ap- 
proaches the  focus,  the  image  becomes  larger 
and  more  distant.  These  and  similar  results 
are  proved  by  placing  a  lighted  candle  at  dif- 
ferent distances  from  a  concave  mirror.  4.  An 
eye  cannot  see  an  image  in  the  air  except  it 
be  placed  in  the  diverging  rays ;  but  if  the 
image  be  received  on  a  piece  of  white  paper, 
it  may  be  seen  in  any  position  of  the  eye,  as 
the  rays  are  then  reflected  in  every  direction. 
5.  If  a  picture,  drawn  according  to  the  rules 
of  perspective,  be  placed  before  a  large  con- 
cave speculum,  a  little  nearer  than  its  princi- 
pal focus,  the  image  of  the  picture  will  appear 
extremely  natural,  and  very  nearly  like  the 
real  objects  whence  it  was  taken.  Not  only 
are  the  objects  considerably  magnified,  so  as 
to  approach  to  their  natural  size,  but  they 
have  also  different  apparent  distances,  as  in 
nature,  so  that  the  view  of  the  inside  of  a 
church  appears  very  like  what  it  is  in  reality, 
and  representations  of  landscapes  appear  very 
nearly  as  tney  do  from  the  spot  whence  they 
were  taken.  In  this  respect  a  large  concave 
speculum  may  be  made  to  serve  nearly  the 
same  purpose  as  the  Optical  Diagonal  Ma- 
chine in  viewing  perspective  prints.  6.  The 
concave  speculum  is  that  alone  which  is  used 
as  the  great  mirror  which  forms  the  first  image 
in  reflecting  telescopes ;  and  it  is  likewise  the 
only  kind  of  speculum  used  as  the  small  mir- 
ror, in  that  construction  of  the  instrument 
called  the  Gregorian  Reflector. 

Quantity  of  Light  reflected  by  polished  Sm^- 
faces. 

As  this  is  a  circumstance  connected  with, 
the  construction  of  reflecting  telescopes,  it 
may  not  be  improper,  in  this  place,  to  state 
some  of  the  results  of  the  accurate  experi- 
ments of  M.  Bonguer  on  this  subject.  This 
philosopher  ascertained  that  of  the  light  re- 
flected from  mercury,  or  quicksilver,  more  than 
one-fourth  is  lost,  though  it  is  probable  that 
no  substances  reflect  more  light  than  this. 
1'he  rays  were  received  at  an  angle  of  eleven 
and  a  half  degrees  of  incidence,  measured 
from  the  surface  of  the  reflecting  body,  and 
oot  from  the  perpendicular.  The  reflection 
(762) 


from  water  was  found  to  be  almost  as  great 
as  that  of  quicksilver;  so  that  in  very  small 
angles  it  reflects  nearly  three-fourths  of  the 
direct  light.  This  is  the  reason  why  so  strong 
a  reflection  appears  on  the  water,  when  one 
walks,  in  still  weather,  on  the  brink  of  a  lake 
opposite  to  the  sun.  The  direct  light  of  the  sun 
diminishes  gradually  as  it  approaches  the  ho- 
rizon, while  the  reflected  light  at  the  same 
time  grows  stronger ;  so  that  there  is  a  cer- 
tain elevation  of  the  sun  in  which  the  united 
force  of  the  direct  and  reflected  light  will  be 
the  greatest  possible,  and  this  is  when  he  is 
twelve  or  thirteen  degrees  in  altitude.  On 
the  other  hand,  light  reflected  from  water 
at  great  angles  of  incidence  is  extremely 
small.  When  the  light  was  perpendicular,  it 
reflected  no  more  than  the  thirty-seventh  part 
which  mercury  does  in  the  same  circum- 
stances, and  only  the  fifty-fifth  part  of  what 
fell  upon  it  in  this  case. 

Using  a  smooth  piece  of  glass,  one  line  in 
thickness,  he  found  that,  when  it  was  placed 
at  an  angle  of  fifteen  degrees  with  the  inci- 
dent rays,  it  reflected  628  parts  of  1000  which 
fell  upon  it;  at  the  same  time,  a  metallic 
mirror,  which  he  tried  in  the  same  circum- 
stances, reflecting  only  561  of  them.  At  a 
less  angle  of  incidence  much  more  light  was 
reflected  ;  so  that  at  an  angle  of  three  degrees 
the  glass  reflected  700  parts,  and  the  metal 
something  less,  as  in  the  former  case.  The 
most  striking  observations  made  by  this  expe- 
rimenter relate  to  the  very  great  difference  in 
the  quantity  of  fight  reflected  at  different  an- 
gles of  incidence.  He  found  that  for  1000 
incident  rays,  the  reflected  rays,  at  different 
angles  of  incidence,  were  as  follows  : 


Angles  of 

incidence. 

5° 

Rays 
by 

3  reflected 
water. 
601 

Rays  reflected 

by  glass. 

549 

10 

333 

412 

15 

211 

299 

30 

65 

112 

50 

22 

34 

70 

18 

25 

90 

18 

25 

With  regard  to  such  mirrors  as  the  spec\i.'a 
of  reflecting  telescopes,  it  will  be  found,  in 
general,  that  they  reflect  little  more  than  the 
one-half  of  the  rays  which  fall  upon  them. 

Uncommon  appearances  in  Nature  produced 
by  the  combined  Influences  of  Reflection 
and  Refraction. 

The  reflection  and  refraction  of  the  rays  of 
light  frequently  produce  phenomena  which 
astonish  the  beholders,  and  which  have  been 
regarded  by  the  ignorant  and  the  superstitious 
as  the  effects  of  supernatural  agency.  Of 
these  phenomena  I  shall  state  a  few  cxamplesa 
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One  of  the  most  striking  appearances  of 
ihis  kind  is  what  has  been  termed  the  Fata 
Morgana,  or  optical  appearances  of  figures  in 
the  sea  and  the  air,  as  seen  in  the  Faro  of 
Messina.  The  following  account  is  translated 
from  a  work  of  Minasi,  who  witnessed  the 
phenomenon,  and  wrote  a  dissertation  on  the 
subject ;  "  When  the  rising  sun  shines  from 
that  point  whence  its  incident  ray  forms  an 
angle  of  about  forty-five  degrees  to  the  sea  of 
Riggio,  and  the  bright  surface  of  the  water  in 
the  bay  is  not  disturbed  either  by  the  wind  or 
the  current,  the  spectator  being  .placed  on  an 
eminence  of  the  city,  with  his  back  to  the  sun 
and  his  face  to  the  sea;  on  a  sudden  there 
appear  on  the  water,  as  in  a  catoptric  theatre, 
various  multiplied  objects,  that  is  to  say,  num- 
berless series  of  pilasters,  arches,  castles  well 
delineated,  regular  columns,  lofty  towers,  su- 
perb palaces,  with  balconies  and  windows, 
extended  alleys  of  trees,  delightful  plains  with 
herds  and  flocks,  armies  of  men  on  foot  and 
horseback,  and  many  other  strange  images,  in 
their  natm'al  colours  and  proper  actions,  pass- 
ing rapidly  in  succession  along  the  surface  of 
the  sea,  during  the  whole  of  the  short  period 
of  time,  while  the  above  mentioned  causes 
remain.  But  if,  in  addition  to  the  circum- 
stances now  described,  the  atmosphere  be 
highly  impregnated  with  vapour  and  dense 
exhalations,  not  previously  dispersed  by  the 
winds  or  the  sun,  it  then  happens  that,  in  this 
vapour,  as  in  a  curtain  extended  along  the 
channel,  at  the  height  of  about  thirty  palms, 
and  nearly  down  to  the  sea,  the  observer  will 
behold  the  scene  of  the  same  objects,  not  only 
reflected  from  the  surface  of  the  sea,  but  like- 
wise in  the  air,  though  not  so  distant  or  well 
defined  as  the  former  objects  from  the  sea. 
Lastly,  if  the  air  be  slightly  hazy  or  opaque, 
and,  at  the  same  time,  dewy,  and  adapted  to 
form  the  iris,  the  then  above-mentioned  objects 
will  appear  only  at  the  surface  of  the  sea,  as 
in  the  first  case,  but  all  vividly  coloured  or 
fringed  with  red,  green,  blue,  and  other  pris- 
matic colours."* 

It  is  somewhat  difficult  to  account  for  all 
the  appearances  here  described,  but,  in  all 
probability,  they  are  produced  by  a  calm  sea, 
and  one  or  more  strata  of  superincumbent  air, 
differing  in  refractive,  and,  consequently,  in 
reflective  power.  At  any  rate,  reflection  and 
refraction  are  some  of  the  essential  causes 
which  operate  in  the  production  of  the  phe- 
nomena. 

The  Mirage,  seen  in  the  desarts  of  Africa, 
is  a  phenomenon,  in  all  probability,  produced 
by  a  similar  cause.  M.  Monge,  who  accom- 
panied the  French  army  to  Egypt,  relates  that, 
when  in  the  desart  between  Alexandria  and 

*  Nicholson's  Journal  of  Natural  PliiJosophy, 
&C.J  4to  series,  p.  225. 


Cairo,  the  mirage  of  tiie  blue  sky  was  in- 
verted, and  so  mingled  with  the  sand  below 
as  to  give  to  the  desolate,  and  arid  wilderness 
an  appearance  of  the  most  rich  and  beautiful 
country.  They  saw,  in  all  directions,  green 
islands,  surrounded  with  extensive  lakes  of 
pure,  transparent  water.  Nothing  could  be 
conceived  more  lovely  and  picturesque  than 
the  landscape.  In  the  tranquil  surface  of  the 
lakes,  the  trees  and  houses  with  which  the 
islands  were  covered  were  strongly  reflected 
with  vivid  and  varied  hues,  and  the  party 
hastened  forward  to  enjoy  the  cool  refresh- 
ments of  shade  and  stream  which  these  popu- 
lous villages  proffered  to  them.  When  they 
arrived,  the  lake  on  whose  bosom  they  floated, 
the  trees  among  whose  foliage  they  were  em- 
bowered, and  the  people  who  stood  on  the 
shore  inviting  their  approach,  had  all  vanished, 
and  nothing  remained  but  a  uniform  and  irk- 
some desart  of  sand  and  sky,  with  a  few  na- 
ked huts  and  ragged  Arabs.  Had  they  not 
been  undeceived  by  their  nearer  approach, 
there  was  not  a  man  in  the  French  army  who 
would  not  have  sworn  that  the  visionar}^  trees 
and  lakes  had  a  real  existence  in  the  midst 
of  the  desart. 

Dr.  Clark  observed  precisely  the  same  ap- 
pearance at  Rosetta.  The  city  seemed  sur- 
rounded with  a  beautiful  sheet  of  water  ;  and 
so  certain  was  his  Greek  interpreter — who 
was  unacquainted  with  the  country — of  this 
fact,  that  he  was  quite  indignant  at  an  Arab 
who  attempted  to  explain  to  him  that  it  was 
a  mere  optical  delusion.      At   length   they 


Fig.  29. 


reached  Rosetta  in 
about  two  hours, 
without  meeting 
with  any  water ; 
and,  on  looking 
back  on  the  sand 
thdy  had  just  cross- 
ed, it  seemed  to 
them  as  if  they 
had  waded  through 
a  vast  blue  lake. 

On    the    1st  of 
August,  1798,  Dr. 
Vince  observed  at 
Ramsgate  a    ship 
which  appeared  as 
at  A  (fig.  39,)  the 
topmast  being  the 
only  part  of  it  that 
was  seen  above  the 
horizon.      An  in- 
verted inagc  of  it 
was  seen  at  u,  im- 
mediately     above 
the  real  ship  a,  and  an  erect  image  at  c,both  of 
them  being  complete  and  well  defined.  The  sea 
was  distinctly  seen  between  the^.,  as  at  v  w. 
^63^ 
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As  the  ship  rose  to  the  horizon,  the  image  c 
gradually  disappeared,  and,  while  this  was 
going  on,  the  image  b  descended,  but  the 
mainmast  of  b  did  not  meet  the  mainmast  of 
A.  The  two  images,  b  c,  were  perfectly  visi- 
Dle  when  the  whole  ship  was  actually  below 
the  horizon.  Dr.  Vince  then  directed  his 
telescope  to  another  ship  whose  hull  was  just 
in  the  horizon,  and  he  observed  a  complete 
inverted  image  of  it,  the  mainmast  of  which 
just  touched  the  mainmast  of  the  ship  itself. 
He  saw  at  the  same  time  several  other  ships 
whose  images  appeared  in  nearly  a  similar 
manner,  in  one  of  which  the  two  images  were 
visible  when  the  whole  ship  was  beneath  the 
horizon.  These  phenomena  must  have  been 
produced  by  the  same  cause  which  operated 
in  the  case  formerly  mentioned,  in  relation  to 
Captain  Scoresby,  when  he  saw  the  llgure  of 
his  father's  ship  inverted  in  the  distant  hori- 
zon. Such  cases,  are  perhaps,  not  uncommon, 
especially  in  calm  and  sultry  weather,  but 
they  are  seldom  observed,  except  when  a  per- 
son's attention  is  accidentally  directed  to  the 
phenomenon,  and,  unless  he  use  a  telescope, 
it  will  not  be  so  distinctly  perceived. 

The  following  phenomenon,  of  a  descrip- 
tion nearly  related  to  the  above,  has  been  sup- 
posed to  be  chiefly  owing  to  rejlection  :  On 
the  18th  of  November,  1804,  Dr.  Buchan, 
■when  watching  the  rising  sun,  about  a  mile 
to  the  east  of  Brighton,  just  as  the  solar  disk 
emerged  from  the  surface  of  the  water,  saw 
the  face  of  the  cliff  on  which  he  was  standing, 
a  windmill,  his  own  figure,  and  the  figure  of 
his  friend,  distinctly  represented,  precisely  op- 
posite, at  some  distance  from  the  ocean.  This 
appearance  lasted  about  ten  minutes,  till  the 
sun  had  risen  nearly  his  own  diameter  above 
the  sea.  The  whole  then  seemed  to  be  ele- 
vated into  the  air,  and  successively  disap- 
peared. The  surface  of  the  sun  was  covered 
with  a  dense  fog  of  many  yards  in  height, 
which  gradually  receded  from  the  rays  of  the 
sun  as  he  ascended  from  the  horizon. 

The  following  appearance,  most  probably, 
arose  chiefly  from  the  refraction  of  the  atmo- 
sphere ;  It  was  beheld  at  Ramsgate  by  Dr. 
Vince,  of  Cambridge,  and  another  gentleman. 
It  is  well  known  that  the  four  turrets  of  Do- 
ver Castle  are  seen  at  Ramsgate,  over  a  hill 
which  intervenes  between  a  full  prospect  of 
the  whole.  On  the  2d  of  August,  1806,  not 
only  were  the  four  turrets  visible,  but  the 
castle  itself  appeared  as  though  situated  on 
that  side  of  the  hill  nearest  Ramsgate,  and  so 
striking  was  the  appearance  that  for  a  long 
time  the  doctor  thought  it  an  illusion  ;  but  at 
last,  by  accurate  observation,  was  convinced 
that  it  was  an  actual  image  of  the  castle.  He, 
with  another  individual,  observed  it  attentively 
for  twenty  minutes,  but  were  prevented  by 
(764; 


rain  from  making  further  observations.  Be- 
tween  the  observers  and  the  land  from  \^"hicb 
the  hill  rises  there  were  about  six  miles 
of  sea,  and  from  thence  to  the  top  of  the  hilj 
there  was  about  the  same  distance ;  their  own 
height  above  the  surface  of  the  water  was 
about  seventy  feet.  The  cause  of  this  phe- 
nomenon was,  undoubtedly,  unequal  refrac- 
tion. The  air  being  more  dense  near  the 
ground  and  above  the  sea  than  at  greater 
heights,  reached  the  eye  of  the  observer,  not 
in  straight,  but  in  curvilinear  lines.  If  the 
rays  from  ihe  castle  had  in  their  path  struck 
an  eye  at  a  much  greater  distance  than  Rams- 
gate, the  probability  is  that  the  image  of  the 
castle  would  have  been  inverted  in  the  air ; 
but,  in  the  present  case,  the  rays  from  the  tur- 
ret and  the  base  of  the  castle  had  not  crossed 
each  other. 

To  similar  causes  as  those  now  alluded  to 
are  to  be  attributed  such  phenomena  as  the 
following : 

The  Spectre  of  the  Brocken.  This  is  won- 
derful, and,  at  first  sight,  a  terrific  phenome- 
non, which  is  sometimes  seen  from  the  sum- 
mit of  one  of  the  Hartz  Mountains  in  Hano- 
ver, which  is  about  3300  feet  above  the  level 
of  the  sea,  and  overlooks  all  the  country  fif- 
teen miles  round.  From  this  mountain  the 
most  gigantic  and  terrific  spectres  have  been 
seen,  which  have  terrified  the  credulous,  and 
gratified  the  curious,  in  a  very  high  degree. 
M.  Hawe,  who  witnessed  this  phenomenon, 
says  the  sun  rose  about  four  o'clock,  after  he 
had  ascended  to  the  summit,  in  a  serene  sky, 
free  of  clouds ;  and,  about  quarter  past  five, 
when  looking  round  to  see  if  the  sky  con- 
tinued clear,  he  suddenly  beheld,  at  a  little 
distance,  a  human  figure  of  a  mmistroiis  size 
turned  towards  him,  and  glaring  at  him.  While 
gazing  on  this  gigantic  spectre,  with  a  mix- 
ture of  awe  and  apprehension,  a  sudden  gust 
of  wind  nearly  carried  off  his  hat,  and  he 
clapped  his  hand  to  his  head  to  detain  it, 
when  to  his  great  delight,  the  colossal  spectre 
did  the  same.  He  changed  his  body  into  a 
variety  of  attitudes,  all  which  the  spectre 
exactly  imitated,  and  then  suddenly  vanished 
without  any  apparent  cause,  and  in  a  short 
time  as  suddenly  appeared.  Being  joined  by 
another  spectator,  after  the  first  visions  had 
disappeared,  they  kept  steadily  looking  for  the 
aerial  spectres,  when  two  gigantic  monsters 
suddenly  appeared.  These  spectres  had  been 
long  considered  as  preternatural  by  the  inha- 
bitants of  the  adjacent  districts,  and  the  whole 
country  had  been  filled  with  awe  and  terror. 
Some  of  the  lakes  of  Ireland  are  found  to  be 
susceptible  of  producing  illusions,  particularly 
the  Lake  of  Killarney.  This  romantic  sheet 
of  water  is  bounded  on  one  side  by  a  sejiii- 
circle  of  rugged  mountains,  and  on  the  othei 
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by  a  flat  morass ;  and  the  vapours  generated 
in  the  marsh,  and  broken  by  the  mountains, 
continually  represent  the  most  fantastic  ob- 
jects. I'requently  men  riding  along  the 
shore  are  seen  as  if  they  were  moving  across 
the  lake,  which  is  supposed  to  have  given  rise 
to  the  legend  of  O'Donougho,  a  magician 
who  is  said  to  be  visible  on  the  lake  every 
May  morning. 

There  can  be  little  doubt  that  most  of  those 
visionary  appearances  which  have  been  fre- 
quently seen  in  the  sky  and  in  mountainous 
regions,  are  phantoms  produced  by  the  cause 
to  which  I  am  adverting,  such  as  armies  of 
footmen  and  horsemen,  which  some  have  as- 
serted to  have  been  seen  in  the  air  near  the 
horizon.  A  well-authenticated  instance  of 
this  kind  occurred  in  the  highlands  of  Scot- 
land: Mr.  Wren,  of  Wetton  Hall,  and  D. 
Stricket,  his  servant,  in  the  year  1744,  were 
sitting  at  the  door  of  the '  house  in  a  summer 
evening,  when  they  were  surprised  to  see  op- 
posite to  them,  on  the  side  of  Sonterfell  hill — > 
a  place  so  extremely  steep  that  scarce  a  horse 
could  vjalk  slowly  along  it — the  figure  of  a 
man  with  a  dog  pursuing  several  horses,  all 
running  at  a  most  rapid  pace.  Onward  they 
passed,  till  at  last  they  disappeared  at  the 
lower  end  of  the  Fell.  In  expectation  of 
finding  the  man  dashed  to  pieces  by  so  tre- 
mendous a  fall,  they  went  early  next  morn- 
ing and  made  a  search,  but  no  trace  of  man 
or  horse,  or  the  prints  of  their  feet  on  the 
turf  could  be  found.  Some  time  afterward, 
about  seven  in  the  evening,  on  the  same  spot, 
they  beheld  a  troop  of  horsemen  advancing 
in  close  ranks  and  at  a  brisk  pace.  The  in- 
mates of  every  cottage  for  a  mile  round  beheld 
the  wondrous  scene,  though  they  had  formerly 
ridiculed  the  story  told  by  Mr.  Wren  and  his 
servant,  and  were  struck  with  surprise  and 
fear.  The  figures  were  seen  for  upward  of 
two  hours,  till  the  approach  of  darkness  ren- 
dered them  invisible.  The  various  evolutions 
and  changes  through  which  the  troops  passed 
were  distinctly  visible,  and  were  marked  by 
all  the  observers.  It  is  not  improbable  that 
these  aerial  troopers  were  produced  by  the 
same  cause  which  made  the  castle  of  Dover 
to  appear  on  the  side  of  the  hill  next  to  Rams- 
gate,  and  it  is  supposed  that  they  were  images 
of  a  body  of  rebels,  on  the  other  side  of  the 
hill,  exercising  themselves  previous  to  the  re- 
beUion  in  1745.* 

I  shall   mention   only  another  instance  of 

*  There  can  be  little  doubt  that  some  of  the 
facts  ascribed,  in  the  western  hii^dilands  of  Scot- 
land, to  second  sight,  have  been  owing  to  the  un- 
usual refriction  cf  the  atmosphere  j  as  one  of 
the  peculiarities  attributed  to  those  who  possessed 
this  faculty  was,  that  they  were  enabled  to  descry 
boats  and  ships  before  they  appeared  in  the  ho- 
rizon. 


this  description  which  lately  occurred  in 
France,  and  for  a  time  caused  a  powerful 
sensation  among  all  ranks.  On  Sunday,  the 
17th  of  December,  1826,  the  clergy  in  the 
parish  of  Migne,  in  the  vicinity  of  Poictiers, 
were  engaged  in  the  exercises  of  tho  Jubilee 
which  preceded  the  festival  of  Christmas,  and 
a  number  of  persons,  to  the  amount  of  3000 
souls  assisted  in  the  service.  They  had  planted, 
as  part  of  the  ceremony,  a  large  cross,  twenty- 
five  feet,  high,  and  painted  red,  in  the  open 
air  beside  the  church.  While  one  of  the 
preachers,  about  five  in  the  evening,  was 
addressing  the  multitude,  he  reminded  them 
of  the  miraculous  cross  which  appeared  in  the 
sky  to  Constantino  and  his  army,  and  the 
effect  it  produced,  when  suddenly  a  similar 
celestial  cross  appeared  in  the  heavens  just 
before  the  porch  of  the  church,  about  200 
feet  above  the  horizon,  and  140  feet  in  length, 
and  its  breadth  from  three  to  four  feet,  of  a 
bright  silver  colour,  tinged  with  red.  The 
curate  and  congregation  fixed  their  wonder- 
ing gaze  upon  this  extraordinary  phenomenon, 
and  the  eilect  produced  on  the  minds  of  the 
assembly  was  strong  and  solemn;  they  spon- 
taneously threw  themselves  on  their  knees ; 
and  many,  who  had  been  remiss  in  their  reli- 
gious duties,  humbly  confessed  their  sins,  and 
made  vows  of  penance  and  reformation.  A 
commission  was  appointed  to  investigate  the 
truth  of  this  extraordinary  appearance,  and  a 
memorial  stating  the  above  and  other  facts, 
was  subscribed  by  more  than  forty  persons 
of  rank  and  intelligence,  so  that  no  doubt  was 
entertained  as  to  the  reality  of  the  pheno- 
menon. By  many  it  was  considered  as 
strictly  miraculous,  as  having  happened  at 
the  time  and  in  the  circumstances  mentioned. 
But  it  is  evident,  from  what  we  have  already 
stated,  that  it  may  be  accounted  for  on  physi- 
cal principles.  The  large  cross  of  wood 
painted  red  was  doubtless  the  real  object 
which  produced  the  magnified  image.  The 
state  of  the  atmosphere,  according  to  the  de- 
scriptions given  in  the  memorial,  must  have 
been  favourable  for  the  production  of  such 
images.  The  spectrum  of  the  wooden  cross 
must  have  been  cast  on  the  concave  surface 
of  some  atmospheric  mirror,  and  so  reflected 
back  to  the  eyes  of  the  spectators  from  an 
opposite  place,  retaining  exactly  the  same 
shape  and  proportions,  but  dilated  in  size ; 
and,  what  is  worthy  of  attention,  it  was  tinged 
with  red,  the  very  colour  of  the  object  of  which 
it  was  the  reflected  image. 

Such  phenomena  as  we  have  now  described, 
and  the  causes  of  them  which  science  is  able 
to  unfold,  are  worthy  of  consideration,  in 
order  to  divest  the  mind  of  superstitious 
terrors,  and  enable  it  clearly  to  perceive  tho 
laws  by  which  the  Almighty  directs  the  move- 
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menis  of  the  material  system.  When  any 
appearance  in  nature,  exactly  the  reverse  of 
every-thing  we  could  have  previously  con- 
ceived, presents  itself  to  view,  and  when  we 
Know  of  no  material  cause  by  which  it  could 
be  produced,  the  mind  must  feel  a  certain 
degree  of  awe  and  terror,  and  will  naturally 
resort  to  supernatural  agency  as  acting  either 
in  opposition  to  the  estabhshed  laws  of  the 
universe,  or  beyond  the  range  to  which  they 
are  confined.  Besides  the  fears  and  appre- 
hensions to  which  such  erroneous  conceptions 
give  rise,  they  tend  to  convey  false  and  dis- 
torted impressions  of  the  attributes  of  the 
Deity,  and  of  His  moral  government.  Science, 
therefore,  performs  an  invaluable  service  to 
man,  by  removing  the  cause  of  superstitious 
alarms,  by  investigating  the  laws  and  prin- 
ciples which  operate  in  the  physical  system, 
and  by  assigning  reasons  for  those  occasional 
phenomena  which  at  first  sight  appeared  be- 
yond the  range  of  the  operation  of  natural 
causes. 

The  late  ingenious  Dr.  Wollaston  illus- 
trated the  causes  of  some  of  the  phenomena 
we  have  described,  in  the  following  manner : 
He  looked  along  the  side  of  a  red-hot  poker 
at  a  word  or  object  ten  or  twelve  feet  distant ; 
and  at  a  distance  less  than  three-eighths  of 
an  inch  from  the  line  of  the  poker,  an  inverted 
image  was  seen,  and  within  and  without  that 
image,  an  erect  image,  in  consequence  of  the 
change  produced,  by  the  heat  of  the  poker, 
in  the  density  of  the  air.  He  also  suggested 
the  following  experiment  as  another  illustra- 
tion of  the  same  principle,  namely,  on  viewing 
an  object  through  a, stratum  of  spirit  of  wine 
lying  above  water,  or  a  stratum  of  water  laid 
above  one  of  syrup.  He  poured  into  a  square 
Tial  a  small  quantity  of  clear  syrup,  and  above 
tliis  he  poured  an  equal  quantity  of  water, 
which,  gradu- 


Fig.  30. 


ally  combined 
with  the  sy- 
rup, as  seen  at 
A,  fig.  30. 
The  word 
"  Syrup,"  on  a 
card  held  be- 
hind the  bot- 
tle appeared 
erect  when 
seen  through 
the  pure  spirit, 
but  inverted 
when  seen 
through  the 
mixture  of 
water  and 
syrup.  He 
afterward  put 
Xke^Ay  the  same  quantity  of  rectified  spirits 
(766) 


of  wine  above  the  water,  as  seen  at  B^  mi^ 
he  saw  the  appearance  as  represented,  namely, 
the  true  place  of  the  word  •«  Spirit,"  and  tho 
inverted  and  erect  images  below.  These 
substances,  by  .their  gradual  incorporation, 
produce  refracting  power,  diminishing  from 
the  spirit  of  wine  to  the  water,  or  from  the 
syrup  to  ihe,  water  ;  so  that,  by  looking  through 
the  mixed  stratum,  an  inverted  image  of  any 
object  is  seen  behind  the  bottle.  These  ex- 
periments show  that  the  mirage  and  severa* 
other  atmospherical  phenomena  may  be  pro- 
duced by  variations  in  the  refractive  power  of 
different  strata  of  the  atmosphere. 

It  is  not  unlikely  that  phenomena  of  a  new 
and  different  description  from  any  we  have 
hitherto  observed,  may  be  produced  from  the 
same  causes  to  which  we  have  adverted.  A 
certain  optical  writer  remarks :  "  If  the  varia- 
tion  of  the  refractive  power  of  the  air  takes 
place  in  a  horizontal  line  perpendicular  to  the 
line  of  vision,  that  is,  from  right  to  left,  then 
we  may  have  a  lateral  mirage,  that  is,  an 
image  of  a  ship  may  be  seen  on  the  right  or 
left  hand  of  the  real  ship,  or  on  both,  if  the 
variation  of  refractive  power  is  the  same  on 
each  side  of  the  line  of  vision,  and  a  fact  of 
this  kind  was  once  observed  on  the  Lake  of 
Geneva.  If  there  should  happen  at  the  same 
time  both  a  vertical  and  a  lateral  variation  of 
refractive  power  in  the  air,  and  if  the  varia- 
tion should  be  such  as  to  expand  or  elongate 
the  object  in  both  directions,  then  the  object 
would  be  magnified  as  if  seen  through  a  tele- 
scope, and  might  be  seen  and  recognized  at  a 
distance  at  which  it  would  otherwise  have 
been  visible.  If  the  refracting  power,  on  the 
contrary,  varied  so  as  to  construct  the  object 
in  both  directions,  the  image  of  it  would  bo 
diminished  as  if  seen  through  a  concave  lens." 

Remarks  and  Reflections  in  reference  to  the 
Phenomena  described  above. 

Such,  then,  are  some  of  the  striking  and 
interesting  effects  produced  by  the  refraction 
and  the  reflection  of  the  rays  of  light.  As 
the  formation  of  the  images  of  objects  by  con- 
vex lenses  lays  the  foundation  of  the  cou" 
struction  of  refracting  telescopes  and  micro- 
scopes, and  of  all  the  discoveries  they  have 
brought  to  light,  so  the  property  of  concave 
specula,  in  forming  similar  images,  is  that  on 
which  the  construction  of  reflecting  telescopes 
entirely  depends.  To  this  circumstance  Her- 
schel  was  indebted  for  the  powerful  telescopes 
he  was  enab'od  to  construct — which  were  ali 
formed  on  the  principle  of  reflection — and  for 
all  the  discoveries  they  enabled  him  to  make 
in  the  planetary  system,  and  in  the  sidereal 
heavens.  The  same  principles  which  operate 
in  optical  instruments,  under  the  agency  of 
man,  we   have   reason    1o   believe   frequently 
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act  on  a  more  expansive  scale  in  various  parts 
of  the  system  of  nature.  The  magnificent 
cross  which  astonished  the  preacher  and  the 
immense  congregation  assembled  at  Migne, 
was,  in  all  probability,  caused  by  a  vast  atmo- 
spherical speculum  formed  by  the  hand  of 
nature,  and  representing  its  objects  on  a  scale 
far  superior  to  that  of  human  art ;  and  pro- 
bably to  the  same  cause  is  to  be  attributed 
the  singular  phenomenon  of  the  coast  of 
France  having  been  made  to  appear  withm 
two  or  three  miles  of  the  town  of  Hastings, 
as  formerly  described,  (see  p.  28.)  Many 
other  phenomena  which  we  have  never  wit- 
nessed, and  of  which  we  can  form  no  con- 
ception, may  be  produced  by  the  same  cause 
operating  in  an  infinity  of  modes. 

The  facts  we  have  stated  above,  and  the 
variety  of  modes  by  which  light  may  be  re- 
fracted and  reflected  by  difierent  substances 
in  nature,  lead  us  to  form  some  conceptions 
of  the  magnificent  and  diversified  scenes 
which  light  may  produce  in  other  systems 
and  worlds  imder  the  arrangements  of  the 
all-wise  and  beneficient  Creator.  Light,  in 
all  its  modifications  and  varieties  of  colour 
and  reflection,  may  be  considered  as  the 
beauty  and  glory  of  the  universe,  and  the 
source  of  unnumbered  enjoyments  to  all  its 
inhabitants.  It  is  a  symbol  of  the  Divinity 
himself;  for  "  God  is  Light,  and  in  Him  is 
no  darkness  at  all."  It  is  a  representative  of 
Him  who  is  exhibited  in  the  sacred  oracles  as 
"The  Sun  of  Righteousness,"  and  "the 
Light  of  the  world."  It  is  an  emblem  of  the 
glories  and  felicities  of  that  future  world 
where  knowledge  shall  be  perfected  and  hap- 
piness complete ;  for  its  inhabitants  are  desig- 
nated "  the  saints  in  light  /"  and  it  is  declared 
in  sacred  history  to  have  been  the  first-born 
of  created  beings.  In  our  lower  world,  its 
eflects  on  the  objects  which  surround  us,  and 
its  influences  upon  all  sensitive  beings,  are 
multifarious  and  highly  admirable.  While 
passing  from  infinitude  to  infinitude,  it  reveals 
the  depth  and  immensity  of  the  heavens,  the 
glory  of  the  sun,  the  beauty  of  the  stars,  the 
arrangements  of  the  planets,  the  rainbow  en- 
compassing the  sky  with  its  glorious  circle, 
the  embroidery  of  flower,  the  rich  clothing  of 
the  meadows,  the  valleys  standing  thick  with 
corn,  "  the  cattle  on  a  thousand  hills,"  the 
rivers  rolling  through  the  plains,  and  the  wide 
expanse  of  the  ocean.  But  in  other  worlds 
the  scenes  it  creates  may  be  far  more  resplen- 
dent and  magnificent.  This  may  depend 
upon  the  refractive  and  reflective  powers  with 
which  the  Creator  has  endowed  the  atmo- 
spheres  of  other   planets,  and  the  peculiar 


constitution  of  the  various  objects  with  which 
they  are  connected.  It  is  evident,  from  what 
we  already  know  of  the  reflection  of  light> 
that  very  slight  modifications  of  certain  phy- 
sical principles,  and  very  slight  additions  to 
the  arrangements  of  our  terrestrial  system, 
might  produce  scenes  of  beauty,  magnificence, 
and  splendour  of  which  at  present  we  can 
form  no  conception.  And  it  is  not  unlikely 
that  by  such  diversities  of  arrangement  in 
other  worlds  an  infinite  variety  of  natural 
scenery  is  produced  throughout  the  uni- 
verse. 

In  the  arrangements  connected  with  the 
planet  Saturn,  and  the  immense  rings  with 
which  it  is  encompassed,  and  in  the  various 
positions  which  its  satellites  daily  assume 
with  regard  to  one  another,  to  the  planet 
itself,  and  to  these  rings,  there  is,  in  all  pro- 
bability, a  combination  of  refi*actions,  reflec- 
tions, light,  and  shadows,  which  produce 
scenes  wonderfully  diversified,  and  surpassing 
in  grandeur  what  we  can  now  distinctly  con- 
ceive. In  the  remote  regions  of  the  heavens 
there  are  certain  bodies  composed  of  immense 
masses  of  luminous  matter,  not  yet  formed 
into  any  regular  system,  and  which  are  known 
by  the  name  oinehulx.  What  should  hinder 
us  from  supposing  that  certain  exterior  por- 
tions of  those  masses  form  speculums  of  enor- 
mous size,  as  some  parts  of  our  atmosphere 
are  sometimes  found  to  do  ]  Such  specula 
may  be  conceived  to  be  hundreds  and  even 
thousands  of  miles  in  diameter,  and  that  they 
may  form  images  of  the  most  distant  objects 
in  the  heavens,  on  a  scale  of  immense  mag- 
nitude and  extent,  and  which  may  be  reflect- 
ed, in  all  their  grandeur,  to  the  eyes  of  intel- 
ligences at  a  vast  distance.  And,  if  the  organs 
of  vision  of  such  beings  be  far  superior  to  ours 
in  acuteness  and  penetrating  power,  they  may 
thus  be  enabled  to  take  a  survey  of  an  im- 
mense sphere  of  vision,  and  to  descry  magni- 
ficent objects  at  distances  the  most  remote 
from  the  sphere  they  occupy.  Whatever 
grounds  there  may  be  for  such  suppositions, 
it  must  be  admitted  that  all  the  knowledge 
we  have  hitherto  acquired  respecting  the 
operation  of  light,  and  the  splendid  etfects  it 
is  capable  of  producing,  is  small  indeed,  and 
limited  to  a  narrow  circle,  compared  with  the 
immensity  of  its  range,  the  infinite  modifica- 
tions it  may  undergo,  and  the  wondrous 
scenes  it  may  create  in  regions  of  creation  io 
which  human  eyes  have  never  yet  penetrated, 
and  which  may  present  to  view  objects  of 
brilliancy  and  magnificence  such  as  "Eye 
hath  not  yet  seen,  nor  ear  heard,  nor  hath  i* 
entered  into  the  heart  of  man  to  conceive." 

(767) 
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CHAPTER  V. 


«5^ECTI02ir   1. 

On  the  Colours  of  Light, 

We  have  hitherto  considered  light  chiefly 
as  a  simple  homog-eneous  substance,  as  if  all 
Its  rays  were  white,  and  as  if  they  were  all 
refracted  in  the  same  manner  by  the  different 
lenses  on  which  they  fall.  Investigations, 
however,  into  the  nature  of  this  wonderful 
fluid  have  demonstrated  that  this  is  not  the 
case,  and  that  it  is  possessed  of  certain  addi- 
tional properties  of  the  utmost  importance  in 
the  system  of  nature.  Had  every  ray  of  light 
been  a  pure  white,  and  incapable  of  being 
separated  into  any  other  colours,  the  scene 
of  the  universe  would  have  exhibited  a  very 
different  aspect  from  what  we  now  behold. 
/  One  uniform  hue  would  have  appeared  over 
the  whole  face  of  nature,  and  one  object  could 
scarcely  have  been  distinguished  from  an- 
other. The  different  shades  of  verdure  which 
now  diversify  every  landscape,  the  brilliant 
colouring  of  the  flowery  fields,  and  almost  all 
the  beauties  an(i  sublimities  which  adorn  this 
lower  creation  would  have  been  withdrawn. 
But  it  is  now  ascertained  that  every  ray  of 
ivhite  light  is  composed  of  an  assemblage  of 
colours,  whence  proceed  that  infinite  variety 
of  shade  and  colour  with  which  the  whole  of 
our  terrestrial  habitation  is  arrayed.  Those 
colours  are  found  not  to  be  in  the  objects 
themselves,  but  in  the  rays  of  light  which  fall 
upon  them,  without  which  they  would  either 
be  invisible,  or  wear  a  uniform  aspect.  In 
reference  to  this  point,  Goldsmith  has  well 
observed :  "  The  blushing  beauties  of  the  rose, 
the  modest  blue  of  the  violet,  are  not  in  the 
flowers  themselves,  but  in  the  light  that 
adorns  them.  Odour,  softness,  and  beauty 
of  figure  are  their  own ;  but  it  is  light  alone 
that  dresses  them  up  in  those  robes  which 
shame  the  monarch's  glory." 

Many  strange  opinions  and  hypotheses 
were  entertained  respecting  colours  by  the 
ancients,  and  even  by  many  modern  writers, 
prior  to  the  time  of  Sir  Isaac  Newton.  The 
Pythagoreans  called  colour  the  superficies  of 
bodies ;  Plato  said  that  it  was  a  flame  issuing 
from  them.  According  to  Zeno,  it  is  the  first 
configuration  of  matter;  and  according  to 
Aristotle,  it  is  that  which  moves  bodies  ac- 
tually transparent.  Among  the  moderns,  Des 
Cartes  imagined  that  the  difference  of  colour 
proceeds  from  the  prevalence  of  the  direct  or 
tx)tatory  motions  ,of  the  particles  of  light. 
(768) 


Grimaldi,  Dech^Ies,  and  others,  thought  the 
differences  of  colour  depended  upon  the  quick 
or  slow  vibrations  of  a  certain  elastic  medium 
filling  the  whole  universe.  Rohault  imagined 
that  the  different  colours  were  made  by  the 
rays  of  light  entering  the  eye  at  different  an- 
gles with  respect  to  the  optic  axis ;  and  Dr. 
Hook  conceived  that  colour  is  caused  by  the 
sensation  of  the  oblique  or  uneven  pulse  of 
light ;  and  this  being  capable  of  no  more  than 
two  varieties,  he  concluded  that  there  could 
be  no  more  than  two  primary  colours.  Such 
were  some  of  the  crude  opinions  which  pre- 
vailed before  the  era  of  the  illustrious  New^- 
ton,  by  whose  enlightened  investigations  the 
true  theory  of  colours  was  at  last  discovered. 
In  the  year  1666  this  philosopher  began  to 
investigate  the  subject,  and  finding  the  coloured 
image  of  the  sun,  formed  by  a  glass  prism,  to 
be  of  an  oblong,  and  not  of  a  circular  form, 
as,  according  to  the  laws  of  refraction,  it  ought 
to  be,  he  was  surprised  at  the  great  dispro- 
portion between  its  length  and  breadth,  the 
former  hQmg  five  times  the  length  of  *the  lat- 
ter ;  and  he  began  to  conjecture  that  light  is 
not  homogenealj  but  that  it  consists  of  rays, 
some  of  which  are  much  more  refrangible 
than  others.  Prior  to  this  period,  philosophers 
supposed  that  all  light,  in  passing  out  of  one 
medium  into  another  of  different,  density,  was 
equally  refracted,  in  the  same  or  like  circum- 
stances ;  but  Newton  discovered  that  this  is 
not  the  fact ;  but  that  there  are  different  spe- 
cies of  light,  and  that  each  species  is  disposed 
both  to  suffer  a  different  degree  of  refrangibi- 
lity  in  passing  out  of  one  medium  into  an- 
other, and  to  excite  in  us  the  idea  of  a  different 
colour  from  the  rest;  and  that  bodies  ap- 
pear of  that  colour  which  arise^  from  the  pe- 
culiar rays  they  are  disposed  to  reflect.  It  is 
now,  therefore,  universally  acknowledged  that 
the  light  of  the  sun,  which  to  us  seems  per- 
fectly homogeneal  and  white,  is  composed  of 
no  fewer  than  seven  different  colours,  namely, 
Red,  Orange,  Yellow,  Green,  Blue,  Indigo, 
and  Violet.  A  body  which  appears  of  a  red 
colour  has  the  property  of  reflecting  the  red 
rays  more  powerfully  than  any  of  the  others ; 
a  body  of  a  green  colour  reflects  the  green 
rays  more  copiously  than  rays  of  any  other 
colour,  and  so  of  the  orange,  yellow,  blue, 
purple,  and  violet.  A  body  which  is  of  a 
black  colour,  instead  of  reflecting,  absorbs  all, 
or  the  greater  part  of  the  rays  that  fall  upon 
it;  and,  on  the  contrary,  a  body  t^at  appears 
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white  reflects  the  greater  part  of  the  rays  in- 
discriminately, without  separating  the  one 
from  the  other. 

Before  proceeding  to  describe  the  experi- 
ments by  which  the  above  results  were  ob- 
tained, it  may  be  proper  to  give  some  idea  of 
the  form  and  effects  of  the  prism  by  which 
such  experiments  are  made.  This  instrument 
is  triangular  and  straight,  and  generally  about 
three  or  four  inches  long.  It  is  commonly 
made  of  white  glass,  as  free  as  possible  from 
veins  and  bubbles,  and  other  similar  defects, 
and  is  solid  throughout.  Its  lateral  faces,  or 
sides,  should  be  perfectly  plane,  and  of  a  fine 
polish.  The  angle  formed  by  the  two  faces, 
one  receiving  the  ray  of  light  that  is  refracted 
in  the  instrument,  and  the  other  affording  it 
an  issue  on  its  returning  into  the  air,  is  called 
the  refracting  angle  of  the  prism,  2iS  A  C  B 
(fig.  31.)  The  manner  in  which  Newton 
performed  his  experiaients,  and  established 
the  discover}^  to  which  we  have  alluded  is  as 
follows  ; 

Fig.  3L 


In  the  window-shutter,  E  G  (fig.  31,)  of 
a  dark  room,  a  hole,  F,  was  made,  of  about 
one-third  of  an  inch  diameter,  and  behind  it 
was  placed  a  glass  prism,  A  C  B,  so  that  the 
beam  of  light,  S  F,  proceeding  directly  from 
the  sun,  was  made  to  pass  through  the  prism. 
Before  the  interposition  of  the  prism,  the 
beam  proceeded  in  a  straight  line  towards  T, 
where  it  formed  a  round,  white  spot;  but,  be- 
ing now  bent  out  of  its  course  by  the  prism, 
it  formed  an  oblong  image,  0  P,  upon  the 
white  pasteboard,  or  screen,  L  M,  containing 
the  seven  colours  marked  in  the  figure,  the 
red  being  the  least,  and  the  violet  the  most 
refracted  from  the  original  direction  of  the 
solar  beam,  S  T.  This  oblong  image  is  called 
the  prismatic  spectrum.  If  the  refracting 
angle  oi  the  prism,  A  C  B,he  64  degrees, 
and  the  distance  of  the  pasteboard  from  the 
prism  about  18  feet,  the  length  of  the  image, 
O  P,  will  be  about  ten  inches,  and  the  breadth 
S  inches.  The  sides  of  the  spectrum  are 
fight  lines  distinctly  bounded,  and  the  ends 
are  semi-circular.  From  this  circumstance, 
it  is  evident  that  it  is  still  the  image  of  the 
sun,  but  elongated  by  the  refractive  power  of 
the  prism.  It  is  evident  from  the  figure  that, 
since  some  part  of  the  beam,  R  O,  is  refracted 
much  further  out  of  its  natural  course  W  T 
9? 


than  some  other  part  of  the  beam,  as  W  P, 
the  rays  towards  R  0  have  a  much  greater 
disposition  to  be  refracted  than  those  towards 
W  P ;  and  that  this  disposition  arises  from 
the  naturally  different  qualities  of  those  rays, 
is  evident  from  this  consideration,  that  the 
refracting  angle  or  power  of  the  prism  is  the 
same  in  regard  to  the  superior  part  of  the 
beam  as  to  the  inferior. 

By  making  a  hole  in  the  screen,  L  My 
opposite  any  one  of  the  colours  of  the  spec- 
trum, so  as  to  allow  that  colour  alone  to  pass 
— and  by  letting  the  colour  thus  separated 
fall  upon  a  second  prism — Newton  found  that 
the  light  of  each  of  the  colours  was  alike  re- 
frangible, because  the  second  prism  could  not 
separate  them  into  an  oblong  image,  or  into 
any  other  colour.  Hence  he  called  all  the 
seven  colours  simple  or  homogeneous,  in 
opposition  to  wMte  light,  which  he  called 
compound^  or  heterogeneous.  With  the 
prism  which  this  philosopher  used,  he  found 
the  lengths  of  the  colours  and  spaces  of  the 
spectrum  to  be  as  follows :  Red,  45  ;  Orange, 
27  ;  Yellow,  40;  Green,  60  ;  Blue,  60  ;  Indigo, 
48 ;  Violet,  80  ;  or  360  in  all.  But  these 
spaces  vary  a  little  with  prisms  formed  of  dif- 
ferent substances,  and,  as  they  are  not  sepa- 
rated by  distinct  limits,  it  is  difficult  to  obtain 
any  thing  like  an  accurate  measure  of  their 
relative  extents.  Newton  examined  the 
ratio  between  the  sines  of  incidence  and  re- 
fraction of  these  decompounded  rays  (see  p. 
30,)  and  found  that  each  of  the  seven  pri- 
mary colour-making  rays  had  certain  limits 
within  which  they  were  confined.  Thus,  let 
the  sine  of  incidence  in  glass  be  divided  into 
50  equal  parts,  the  sine  of  refraction  into  air 
of  the  least  refrangible,  and  the  most  refrangi- 
ble rays  will'  contain  respectively  77  and  78 
such  parts.  The  sines  of  refraction  of  all  the 
degrees  of  red  will  have  the  intermediate 
degrees  of  magnitude,  from  77  to  77  one- 
eighth ;  y^  ange,imm  77  one-eighth  to  77 
one-fifth ;  Yellow,  from  77  one-fifth  to  77  one- 
third  ;  Green,  from  77  one-third  to  77  one- 
half;  Blue,  from  77  one-half  to  77  two-thirds ; 
Indigo,  from  77  two-thirds  to  77  seven-ninths; 
and  Violet,  from  77  seven-nmths  to  78. 

From  what  has  been  now  stated,  it  is  evi- 
dent that,  in  proportion  as  any  portion  of  an 
optic  glass  bears  a  resemblance  to  the  form 
of  a  prism,  the  component  rays  that  pass 
through  it  must  be  necessarily  separated,  and 
will  consequently  paint  or  tinge  the  object 
with  colours.  The  edges  of  every  convex 
lens  approach  to  this  form,  and  it  is  on  this 
account  that  the  extremities  of  objects,  when 
viewed  through  them,  are  found  to  be  tinged 
with  the  prismatic  colours.  In  such  a  glass, 
therefore,  those  different  coloured  rays  will 
have  different  foci,  and  will  form  their  re- 
3  T  (7*69) 
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specitive  imag-es  at  dijfiferent  distances  from  the 


:€ns.     Thus,  suppose  L  N  (fig.  32)  to  repre- 
Fig.  32. 


rays,  is  viewed  through  an  eye-glass,  it  wil 
seem  to  form  but  one  image,  and,  conse- 
quently, very  indistinct,  and  tinged  with 
various  colours ;  and  as  the  red  figure,  R  r, 
is  largest,  or  seen  under  the  greatest  angle, 
the  extreme  parts  of  this  confused  image  will 
be  red,  and  a  succession  of  the  prismatic 
colours  will  be  formed  within  this  red  fringe, 
as  is  generally  found  in  common  refracting 
telescopes,  constructed  with  a  single  object- 
glass.  It  is  owing  to  this  circumstance  that 
the  common  refracting  telescope  cannot  be 
much  improved  without  having  recourse  to 
sent  a  double  convex  lens,  and  0  i?  an  ob-  |f"^''^  "{  Y^^  '""S  focal  distance;  and 
ject  at  some  distance  from  it.  If  the  object  l^""""'  ^b""'  ^f  years  ago,  such  telescopes 
0  B  was  of  a  pure  red  colour,  the  rays  pro-  we  e  constructed  of  80  and  100,  and  130 
needing  from  it  would  form  a  red  image  at  R  f  <"  "J  '™g'^;  ..^ut  st.U,  the  image  was  no 
r;  if  the  object  was  of  a  violet  colour,  an  f"™^^  f  distinctly  as  was  desired  and 
image  of  that  colour  would  be  formed  at  Fv;  f\*Pf' "f  °f  'Ij^  object'S^f  was  obliged 
nearer  the  lens;  and  if  the  object  was  white,  *"  ^e  hmited.  This  is  a  defect  which  was 
or  any  other  combination  of  the  colour-making  '»"§  ^'^S^'^^'^  as  without  a  remedy,  and  even 
rays,  those  rays  would  have  their  respective    Newton  himself  despaired  of  disoovermg  any 


foci  at  different  distances  from  the  lens,  and 
form  a  succession  of  images,  in  the  order  of 
the  prismatic  colours,  between  the  space  R  n 
and  Fv. 

This  may  be  illustrated  in  the  following 
manner :    Take  a  card  or  slip  of  white  paste- 
board, us  A  B  E  F  (fig.  33,)  and  paint  one- 
Fig.  33. 


half,  A  B    C  D,  red,  the  other  half,  C   F, 
violet   or   indigo,   and,   tying   black    threads 


means  by  which  the  defects  of  refracting  tele- 
scopes might  be  removed,  and  their  improve- 
ment effected.  This,  however,  was  accora" 
plished  by  Dollond  to  an  extent  far  surpassing 
what  could  have  been  expected,  of  which  a 
particular  account  will  be  given  in  the  sequel. 
It  was  originally  remarked  by  Newton,  and 
the  fact  has  since  been  confirmed  by  the  expe- 
riments of  Sir  W.  Herschel,  that  the  diffei^ent 
coloured  rays  have  not  the  same  iUuminating 
power.  The  violet  rays  appear  to  have  the 
least  illuminating  effect ;  the  indigo  more,  and 
the  effect  increases  in  the  order  of  the  colours, 
the  green  being  very  great ;  between  the  green 
and  the  yellow  the  greatest  of  ail ;  the  yellow 
the  same  as  the  green ;  but  the  red  less  than 
the  yellow.  Herschel  also  endeavoured  to 
determine  whether  the  power  of  the  diirerent" 


across  it,  set  it  near  the  flame  of  a  candle,  G ;  ty-coloured  rays  to  heat  bodies  varied  with 
then  take  a  lens,  H  7,  and,  holding  a  sheet  their  power  to  illuminate  them.  He  intro- 
©f  white  paper  behind  it,  move  it  ba«"kward  duced  a  beam  of  light  into  a  dark  room,  which 
and  forward  upon  the  edge  of  a  graduated  was  decomposed  by  a  prism,  and  then  ex- 
ruler  till  you  see  the  black  threads  most  dis-  posed  a  very  sensible  thermometer  to  ail  the 
tinctly  in  the  image,  and  you  will  find  the  rays  in  succession,  and  observed  the  heights 
focus  of  the  violet  r  e  much  nearer  than  that  to  which  it  rose  in  a  given  time.  He  found 
of  the  red  a  c,  which  plainly  shows  that  that  their  heating  power  increased  from  the 
bodies  of  different  colours  can  never  be  de-  violet  to  the  red.  The  mercury  in  the  ther- 
picted  by  convex  lenses  without  some  degree  mometer  rose  higher  when  its  bulb  was  placed 
©f  confusion.  in  the  indigo  than  when  it  was  placed  in  the 
The  quantity  of  dispersion  of  the  coloured  violet,  still  higher  in  blue,  and  highest  of  all 
rays  in  convex  lenses  depends  upon  the  focal  at  red.  Upon  placing  the  bulb  of  the  ther- 
length  of  the  glass,  the  space  which  the  mometer  below  the  red,  quite  out  of  the  speC" 
coloured  images  occupy  being  about  the  trum,  he  was  surprised  to  find  that  the  mer- 
twenty-eighth  part.  Thus,  if  the  lens  be  cury  rose  highest  of  all,  and  concluded  that 
twenty-eight  inches  focal  distance,  the  space  rays  proceed  from  the  sun,  which  have  the 
between  R  n  and  Vy  (fig.  32)  will  be  about  power  of  heatixg  but  not  of  illuminating 
one  inch ;  if  it  be  twenty -eight  feet  focus,  the  bodies.  These  rays  have  been  called  invisible 
same  space  will  be  about  one  foot,  and  so  on  solar  rays  ;  they  were  about  half  an  inch  fronj 
in  proportion.  Now,  when  such  a  succession  the  commencement  of  the  red  rays;  at  g 
©f  .images,  formed  by  the  difierent  coloured  greater  disttyice  from  this  point  the  heat  began 
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to  diminish,  but  was  very  perceptible,  even  at  was  continued  for  three  successive  days.  The 
the  distance  of  I5  inch.  He  determined  that  same  effects  were  produced  by  inclosing  the 
the  heating  power  of  the  7'ed  to  that  of  the  needle  in  blue  or  green  glass,  or  wrapping  ll 
green  rays  was  2|  to  1,  and  3|  to  1,  in  red  in  blue  or  green  riband,  or  half  of  the  needle 
to  violet.  He  afterwards  made  experiments  being  always  covered  with  paper. 
to  collect  those  invisible  caloric  rays,  and  One  of  the  most  curious  discoveries  of  mo» 
caused  them  to  act  independently  of  the  Hght,  dern  times,  in  reference  to  the  solar  spectrum, 
from  which  he  concluded  that  they  are  suffi-  is  that  of  Fraunhofer,  of  Munich,  one  of  the 
cient  to  account  for  all  the  effects  produced  by  most  distinguished  artists  and  opticians  on  the 
the  solar  rays  in  exciting  heat ;  that  they  are  Continent.*  He  discovered  that  the  spectrum 
capable  of  passing  through  glass,  and  of  being  is  covered  with  dark  and  coloured  lines,  pa- 
refracted  and  reflected,  after  they  have  been  rallel  to  one  another,  and  perpendicular  to  the 
fmally  detached  from  the  solar  beam.  length  of  the  spectrum  :  and  he  counted  no 

M.  Ritter  of  Jena,  Wollaston,  Beckman,  less  than  590  of  these  lines.  In  order  to  ob- 
and  others,  have  found  that  the  rays  of  the  serve  these  lines,  it  is  necessary  to  use  prisms 
spectrum  are  possessed  of  certain  chemical  of  the  most  perfect  construction,  of  very  pure 
properties;  that  beyond  the  least  brilliant  glass,  free  of  veins,  to  exclude  all  extraneous 
extremity,  namely,  a  little  beyond  the  violet  light,  and  even  to  stop  those  rays  which  form 
ray,  there  are  invisible  rays,  which  act  chemi-  the  coloured  spaces  which  we  are  not  examin- 
cally,  while  they  have  neither  the  power  of  ing.  It  is  necessary,  also,  to  use  a  magnify- 
heating  nor  illuminating  bodies.  Muriate  of  ing  instrument,  and  the  light  must  enter  and 
silver,  exposed  to  the  action  of  the  red  rays,  emerge  from  the  prism  at  equal  angles.  One 
becomes  blackish ;  a  greater  effect  is  produced  of  the  important  practical  results  of  this  dis- 
by  the  yellow ;  a  still  greater  by  the  violet,  covery  is,  that  those  lines  are  fixed  points  in 
and  the  greatest  of  all  by  the  invisible  rays  the  spectrum,  or  rather,  that  they  have  always 
beyond  the  violet.  When  phosphorus  is  ex-  the  same  position  in  the  coloured  spaces  in 
posed  to  the  action  of  the  invisible  rays  be-  which  they  are  found.  Fraunhofer  likewise 
yond  the  red,  it  emits  white  fumes,  but  the  discovered,  in  the  spectrum  produced  by  the 
invisible  rays  beyond  the  violet  extinguish  light  of  Venus,  the  same  streaks  as  in  the 
them.  Theinfluenceof  these  rays  is  daily  seen  solar  spectrum  ;  in  the  spectrum  of  the  light 
in  the  change  produced  upon  vegetable  colours,  of  Sirius  he  perceived  three  large  streaks, 
which  fade  when  frequently  exposed  to  the  which,  according  to  appearance,  had  no  re- 
direct influence  of  the  sun.  Whatever  object  semblance  to  those  of  the  light  of  the  sun  ; 
they  are  destined  to  accomplish  in  the  general  one  of  them  was  in  the  green,  two  in  the  blue, 
economy  of  nature  is  not  yet  distinctly  known ; 

*  Fraunhofer  was,  in  the  highest  sense  of  the 
word,  an  optician^  an  original  discoverer  in  the 
most  abstruse  and  delicate  departments  of  this 
science,  a  competent  mathematician,  an  admirable 
mechanist,  and  a  man  of  a  truly  philosophical 
turn  of  mind.  By  his  extraordinary  talents,  he 
was  soon  raised  from  the  lowest  station  in  a  manu- 


we  cannot,  however,  doubt  that  they  are  essen- 
Ually  requisite  to  various  processes  going  for- 
ward in  the  material  system.  And  we  know 
that  not  only  the  comfort  of  all  the  tribes  of 
the  living  world,  but  the  very  existence  of  the 


animal  and  vegetable  creation  depends  upon  facturing  establishment  to  the  direction  of  the 

the  unremitting  agency  of  the  calorific  rays,  optical  department  of  the  business,  in  which  he 

Ti.  v„^  141.      ,"  ^  1 i„+^i     ^;.,^^,.A««;i   <-u   *  originally  laboured  as  an  ordinary  workman.    He 

It  has  likewise  been   lately  discovered  that  ^j^^-^  ^^^^^^^^  ^^^  ^^,^^^^  p^^^^^  ^/his  mind  to  the 

certain  rays  of  the  spectrum,  particularly  the  perfection  of  the  achromatic  telescope,  the  defects 

violet,  possess  the  property  of  communicatinp^  of  which,  in   reference  to  the  optical  properties 

the  mafrTipiir  nnif^pr    Mr  Morirhin?  of  Rom?  °^  *^^  materials  used,  he  attempted  to  remedy; 

me  magneuc powei .  mr.  moricmm  01  itome,  ^^^^  ^^  ^^  ^^^.j^^  ^^  admirable  experiments,  suc- 

appears  to  have  been  the  first  who  found  that  ceededin  giving  to  optical  determinations  the  pre- 

the  violet  rays  of  the  spectrum  had  this  pro-  cision  of  astronomical  observations,  surpassing  in 

^^^,r      ^u ^.  u    ^f  1,;^  ^^^^v.;^^>,4-,,   in^.  this  respect  all  who  had  gone  before  him,  except, 

perty.  The  result  of  his  experiments,  how-  perhaps!  the  illustrious  Newton.  It  was  in  the 
ever,  was  involved  m  doubt  till  it  was  esta-  course  of  these  researches  that  he  w^as  led  to  the 
blished  by  a  series  of  experiments  instituted  important  discovery  of  the  dark  lines  which  oc- 
Ktt  m^c  Qr.^^^..ni^  ,,,i,«.,^  v,r.w,«  ;^  cr.  T,.^ti  cur  in  the  solar  spectrum.  His  achromatic  tele- 
by  Myb.  ^^omerville,  whose  name  ^  so  well  ^^^p^^  ^^^  scattered  over  Europe,  and  are  the 
known  m  the  scientific  world.  Ihis  lady  largest  and  best  that  have  hitherto  been  con- 
having  covered  half  a  sewing-needle,  about  structed.  Fre  died  at  Munich,  at  a  premature  age, 
an  innh  Inno-  wltTi  r^nnpr  qHp  PTrnn«!Pfl  thp  i"  l^^^  j  his  death,  it  is  said,  being  accelerated 
an  men  long,  wiUi  paper,  sue  exposea  me  ^^  ^^^  unwholesome  nature  of  the  processes  em- 
othei  half  for  two  hours  to  the  violet  rays,  ployed  in  his  glass-house  ;  leaving  behind  him  a 
The  needle  had  then  acquired  north  polarity,  reputation  rarely  attained  by  one  so  young.  His 
Thp  indicrn  rnv^  nrnrlnr-pd  npnrlv  thp  qamp  memoir  "  On  the  refractive  and  dispersive  Power 
ine  inaigo  rays  proaucea  nearly  me  same  ^^  ^^^  different  Species  of  Glass,  in  reference  to 
eflect;  and  the  blue  and  green  rays  produced  the  Improvement  of  Achromatic  Telescopes,  and 
it  in  a  still  less  degree.    In  the  yellow,  orange,  an  Account  of  the  Lines  of  the  f?pectrum,"  will 


be  found  in  the 
was  exhibited,  even  though  the  experiment    1823-4. 


red,  and  invisible  rays  no  magnetic  influence    ^^^  \,  ^^j   .^ 


'  Edinburgh  Philosophical  Joiir- 
188-299;  and  vol  x.  p.  26-40,  for 
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The  stars  appear  to  differ  from  one  another  in 
their  streaks.  The  electric  light  differs  very 
much  from  the  light  of  the  sun  and  that  of  a 
lamp  in  regard  to  the  streaks  of  the  spectrum. 
"This  experiment  may  also  be  made,  though 
in  an  imperfect  manner,  by  viewing  a  narrow 
slit  between  two  nearly  closed  window-shut- 
ters through  a  very  excellent  glass  prism, 
held  close  to  the  eye,  with  the  refracting  angle 
parallel  to  the  hue  of  hght.  When  the  spec- 
trum is  formed  by  the  sun's  rays,  either  direct 
or  indirect,  as  from  the  sky,  clouds,  rainbow, 
moon,  or  planets,  the  black  bands  are  always 
found  to  be  in  the  same  parts  of  the  spectrum, 
aj  id  under  all  circumstances  to  maintain  the 
same  relative  position,  breadth,  and  intensi- 
ties." 

From  what  has  been  stated  in  reference  to 
the  solar  spectrum,  it  will  evidently  appear 
that  white  light  is  nothing  else  than  a  com- 
pound of  all  the  prismatic  colours ;  and  this 
may  be  still  further  illustrated  by  showing  that 
the  seven  primary  colours,  when  again  put 
together,  recompose  white  light.  This  may  be 
rudely  proved,  for  the  purpose  of  illustration, 
by  mixing  together  seven  different  powders, 
having  the  colours  and  proportion  of  the  spec- 
trum ;  but  the  best  mode,  on  the  whole,  is  the 
following:  Let  two  circles  be  drawn  on  a 
smooth  round  board,  covered  with  white  paper, 
as  in  figure  34 ;  let  the  outermost  be  divided 


paint  all  that  part  of  the  board  black  whicL. 
lies  within  the  inner  circle ;  and,  putting  an 
axis  through  the  centre  of  the  board,  let  it  be 
turned  swiftly  round  that  axis,  so  that  the 
rays  proceeding  from  the  above  colours  may 
be  all  blended  and  mixed  together  in  coming 
to  the  eye.  Then  the  whole  coloured  part 
v/ili  appear  like  a  white  ring  a  little  grayish — • 
not  perfectly  white,  because  no  art  can  pre- 
pare or  lay  on  perfect  colours,  in  all  their 
delicate  shades,  as  found  in  the  real  spectrum. 
That  all  the  colours  of  hght,  when  blended 
together  in  their  proper  proportions,  produce 
a  pure  white,  is  rendered  certain  by  the  fol- 
lowing experiment;  Take  a  large  convex 
glass,  and  place  it  in  the  room  of  the  paper 
or  screen  on  which  the  solar  spectrum  was 
depicted  (L  M.,  lig.  31 ;)  the  glass  will  unite 
all  the  rays  which  come  from  the  prism,  if  a 
paper  is  placed  to  receive  them,  and  you  will 
see  a  circular  spot  of  a  pure  lively  white. 
The  rays  will  cross  each  other  in  the  focus 
of  the  glass,  and,  if  the  paper  be  removed  a 
little  further  from  that  point,  you  will  see  the 
prismatic  colours  again  displayed,  but  in  an 
inverted  order,  owing  to  the  crossing  of  the 
rays. 


Fig.  34. 


Sectioi^  II. 


On  the  Colours  of  Natural  Objects. 


into  360  equal  parts ;  then  draw  seven  right 
lines,  as  A,  B,  C,  &c.,  from  the  centre  to  the 
outermost  circle,  making  the  lines  A  and  B 
include  80  degrees  of  that  circle.  The  lines 
B  and  C,  40  degrees ;  C  and  D,60;  D  and 
£",  60 ;  E  and  >,  48  ;  F  and  G,  27;  G  and 
A,  45.  Then  between  these  two  circles  paint 
the  space  A  G  red,  inclining  to  orange  near 
G ;  G  F  orange,  inclining  to  yellow  near  F  -, 
F  E  yellow,  inclining  to  green  near  E;  E  D 
green,  inclining  to  blue  near  D;  D  C  blue, 
inclining  to  hidigo  near  C;  C  B  indigo,  in- 
clining to  violet  near  B ;  and  B  A  violet,  in- 
clining to  a  soft  red  near  A.  This  done, 
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From  what  has  been  stated  above  we  may 
learn  the  true  cause  of  those  diversified  hues 
exhibited  by  natural  and  artificial  objects, 
and  the  variegated  colouring  which  appears 
on  the  face  of  nature.  It  is  owing  to  the 
surfaces  of  bodies  being  disposed  to  reflect 
one  colour  rather  than  another.  When  this 
disposition  is  such  that  the  body  reflects  every 
kind  of  ray,  in  the  mixed  state  in  which  it 
receives  them,  that  body  appears  white  to  us, 
which,  properly  speaking,  is  no  colour,  but 
rather  the  assemblage  of  all  colours.  If  tjie 
body  has  a  fitness  to  reflect  one  sort  of  rays 
more  abundantly  than  others,  by  absorbing 
all  the  others,  it  will  appear  of  the  colour  be- 
longing to  that  species  of  rays.  Thus,  the 
grass  is  green,  because  it  absorbs  all  the  rays 
except  the  green.  It  is  these  green  rays  only 
which  the  grass,  the  trees  the  shrubs,  and  all 
the  other  verdant  parts  of  the  landscape  re- 
flect to  our  sight,  and  which  mnke  them  ap- 
pear green.  In  the  same  manner,  the  differ- 
ent flowers  reflect  their  respective  colours; 
the  rose,  the  red  rays ;  the  violet,  the  blue ; 
the  jonquil,  the  yellow;  the  marigold,  the 
orange ;  and  every  object,  whether  natural  ox 
artificial,  appears  of  thai  colour  which  it?  pe- 
culiar  texture  is  fitted  to  reflect*     A  ^eat 
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number  of  bodies  are  fitted  to  reflect  at  once 
several  kinds  of  rays,  and,  of  consequence, 
they  appear  under  mixed  colours.  It  may 
even  happen  that  of  two  bodies  which  should 
be  green,  for  example,  one  may  reflect  the 
pure  green  of  light,  and  the  other  the  mix- 
ture of  yellow  and  blue.  This  quality,  which 
varies  to  infinity,  occasions  the  different  kinds 
of  rays  to  unite  in  every  possible  manner,  and 
every  possible  proportion ;  and  hence  the  in- 
exhaustible variety  of  shades  and  hues  which 
nature  has  diffused  over  the  landscape  of  the 
world.  When  a  body  absorbs  nearly  all  the 
light  which  reaches  it,  that  body  appears 
hlack  ;  it  transmits  to  the  eye  so  few  reflected 
rays  that  it  is  scarcely  perceptible  in  itself, 
and  its  presence  and  form  make  no  impres- 
sion upon  us,  unless  as  it  interrupts  the 
brightness  of  the  surrounding  space.  Black  is, 
therefore,  the  absence  of  all  the  coloured  rays. 
It  is  evident,  then,  that  all  the  various  as- 
semblages of  colours  which  we  see  in  the  ob- 
jects around  us  are  not  in  the  bodies  them- 
selves,  but  in  the  light  which  falls  upon  them. 
There  is  no  colour  inherent  in  the  grass,  the 
trees,  the  fruits,  and  the  flowers,  nor  even  in 
the  most  splendid  and  variegated  dress  that 
adorns  a  lady.  All  such  objects  are  as  desti- 
tute of  colour,  in  themselves,  as  bodies  which 
are  placed  in  the  centre  of  the  earth,  or  as  the 
chaotic  materials  out  of  which  our  globe  was 
formed  before  light  was  created  ;  for,  where 
there  is  no  light,  there  is  no  colour.  Every 
object  is  black,  or  without  colour,  in  the  dark, 
and  it  only  appears  coloured  as  soon  as  hght 
renders  it  visible.  This  is  further  evident 
from  the  following  experiment :  If  we  place  a 
coloured  body  in  one  of  the  colours  of  the 
spectrum  which  is  formed  by  the  prism,  it  ap- 
pears of  the  colour  of  the  rays  in  which  it  is 
placed.  Take,  for  example,  a  red  rose,  and 
expose  it  first  to  the  red  rays,  and  it  will  ap- 
pear of  a  more  brilliant  ruddy  hue ;  hold  it  in 
the  blue  rays,  and  it  appears  no  longer  red, 
but  of  a  dingy  blue  colour,  and  in  like  man- 
ner its  colour  will  appear  different  when 
placed  in  all  the  other  differently-coloured 
rays.  This  is  the  reason  why  the  colours  of 
objects  are  essentially  altered  by  the  nature 
of  the  light  in  which  they  are  seen.  The 
colours  of  ribands,  and  various  pieces  of  silk 
or  woollen  stuff,  are  not  the  same  when 
viewed  by  candlelight  as  in  the  daytime.  In 
the  light  of  a  candle  or  a  lamp,  blue  often  ap- 
pears green,  and  yellow  objects  assume  a 
whitish  aspect.  The  reason  is,  that  the  light 
of  a  candle  is  not  so  pure  a  white  as  that  of 
the  sun,  but  has  a  yellowish  tinge,  and  there- 
fore, when  refracted  ])y  the  prism,  the  yellow- 
ish rays  are  found  to  predominate,  and  the 
superabundance  of  yellow  rays  gives  to  blue 
objects  a  greenish  hue. 


The  doctrine  we  are  now  illustrating  is 
one  which  a  great  many  persons,  especially 
among  the  fair  sex,  find  it  difficult  to  admit. 
They  cannot  conceive  it  possible  that  there  is 
no  colour  really  inherent  in  their  splendid 
attire,  and  no  tints  of  beauty  in  their  counte- 
nances. "  What,"  said  a  certain  lady,  "  are 
there  no  colours  in  my  shawl,  and  in  the 
ribands  that  adorn  my  headdress,  and  are  we 
all  as  black  as  negroes  in  the  dark  1  I  should 
almost  shudder  to  think  of  it."  Such  per- 
sons, however,  need  be  in  no  alarm  at  the 
idea,  but  may  console  themselves  with  the 
reflection  that,  when  they  are  stripped  of  all 
their  coloured  ornaments  in  the  dark,  they  are 
certain  that  they  will  never  he  seen  hy  any 
one  in  that  state ;  and  therefore  there  is  no 
reason  to  regret  the  temporary  loss  of  those 
beauties  which  light  creates,  when  they  them- 
selves, and  all  surrounding  objects,  are  invi- 
sible. But,  to  give  a  still  more  palpable 
proof  of  this  position,  the  following  popular 
experiments  may  be  stated  : 

Take  a  pmt  of  common  spirit  and  pour  it 
into  a  soup  dish,  and  then  set  it  on  fire ;  as  it 
begins  to  blaze,  throw  a  handful  of  salt  into 
the  burning  spirit,  and  keep  stirring  it  with  a 
spoon.  Several  handfuls  may  thus  be  suc- 
cessively thrown  in,  and  then  the  spectators, 
standing  around  the  flame,  wiH  see  each  other 
frightfully  changed,  their  colours  being  altered 
into  a  ghastly  blackness,  in  consequence  of 
the  nature  of  the  light  which  falls  upon  them, 
which  produces  colours  very  different  from 
those  of  the  solar  light.  The  following  expe- 
riment, as  described  by  Sir  D.  Brewster,  illus- 
trates the  same  principle  :  "  Having  obtained 
the  means  of  illuminating  any  apartment  with 
yellow  light,  let  the  exhibition  be  made  in  a 
room  with  furniture  of  various  bright  coluurs, 
and  with  oil  or  water-coloured  paintings  on 
the  wall.  The  party  which  is  to  witness  the 
experiment  should  be  dressed  Ui  a  diversity 
of  the  gayest  colours,  and  the  brightest  co- 
loured flowers  and  highly  coloured  drawings 
should  be  placed  on  the  tables.  The  room 
being  at  first  lighted  with  ordinary  lights,  the 
bright  and  gay  colours  of  every  thing  that  it 
contains  will  be  finely  displayed.  If  the  white 
lights  are  now  suddenly  extinguished,  and 
the  yellow  lamps  lighted,  the  most  appalling 
metamorphosis  will  be  exhibited.  The  as- 
tonished individuals  will  no  longer  be  able  to 
recognize  each  other.  All  the  furniture  of 
the  room,  and  all  the  objects  it  contams,  will 
exhibit  only  one  colour.  The  flowers  will 
lose  their  hues ;  the  paintings  and  drav/ings 
will  appear  as  if  they  were  executed  in  China 
ink,  and  the  gayest  dresses,  the  brightest 
scarlets,  the  purest  lilacs,  the  richest  blues, 
and  the  most  v^vid  greens,  will  all  be  con- 
verted into  one  monotonous  yellow.  The 
3x2  (773) 
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complexions  of  the  parties,  too,  will  suffer  a 
corresponding  change.  One  pallid,  death-like 
yellow, 

Like  the  unnatural  hue 
Which  autumn  paints  upon  the  perished  leaf, 

will  envelope  the  young  and  the  old,  and  the 
sallow  face  will  alone  escape  from  the  meta- 
morphosis. Each  individual  derives  merri- 
ment from  the  cadaverous  appearance  of  his 
neighbour,  without  being  sensible  that  he  is 
one  of  the  ghastly  assemblage." 

From  such  experiments  as  these  we  might 
conclude  that,  were  the  solar  rays  of  a  very 
different  description  from  what  they  are  now 
found  to  be,  the  colours  which  embellish  the 
face  of  nature,  and  the  whole  scene  of  our 
sublunary  creation,  would,  assume  a  new 
aspect,  and  appear  very  different  from  what 
we  now  behold  around  us  in  every  landscape. 
We  find  that  the  stars  display  great  diversity 
of  colour,  which  is  doubtless  owing  to  the 
different  kinds  of  light  which  are  emitted  from 
those  bodies;  and  hence  we  may  conclude 
that  the  colouring  thrown  upon  the  various 
objects  of  the  universe  is  different  in  every 
difierent  system,  and  that  thus,  along  with 
other  arrangements,  an  infinite  variety  of  co- 
louring and  of  scenery  is  distributed  through- 
out the  immensity  of  creation. 

The  atmosphere,  in  consequence  of  its  dif- 
ferent refractive  and  reflective  powers,  is  the 
source  of  a  variety  of  colours  which  frequently 
embellish  and  diversify  the  aspect  of  our  sky. 
The  air  rejieds  the  blue  rays  most  plentifully, 
and  must  therefore  transmit  the  red,  orange, 
and  yellow  more  copiously  than  the  other 
rays.  When  the  sun  and  other  heavenly 
bodies  are  at  a  high  elevation,  their  light  is 
transmitted  without  any  perceptible  change ; 
but  when  they  are  near  the  horizon,  their 
light  must  pass  through  a  long  and  dense 
track  of  air,  nnd  must  therefore  be  consider- 
ably modified  before  it  reach  the  eye  of  the 
observer.  The  momentum  of  the  red  rays 
being  greater  than  that  of  the  violet,  will  force 
their  way  through  the  resisting  medium,  while 
the  violet  rays  will  be  either  reflected  or  ab- 
sorbed. If  the  light  of  the  setting  sun,  by  thus 
passing  through  a  long  track  of  air,  be  divested 
of  the  green,  blue,  indigo,  and  violet  rays,  the 
remaining  rays  which  are  transmitted  through 
the  atmosphere  will  illuminate  the  western 
clouds,  first,  with  an  orange  colour,  and  then, 
as  the  sun  gradually  sinks  into  the  horizon, 
the  track  through  which  the  rays  must  pass 
becoming  longer,  the  yellow  and  orange  are 
reflected,  and  the  clouds  grow  more  deeply 
red,  till  at  length  the  disappearance  of  the  sun 
leaves  them  of  a  leaden  hue,  by  the  reflection 
of  the  blue  light  through  the  air.  Similar 
changes  ol  colour  are  sometimes  seen  on  the 
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eastern  and  western  fronts  of  white  buildings, 
St.  Paul's  Church,  in  London,  is  frequently 
seen,  at  sunset,  tinged  with  a  very  considerable 
degree  of  redness ;  and  the  same  cause  occa- 
sions the  moon  to  assume  a  ruddy  colour,  by 
the  light  transmitted  through  the  atmosphere. 
From  such  atmospherical  refractions  and  re- 
flections are  produced  those  rich  and  beautiful 
hues  with  which  our  sky  is  gilded  by  tlie  set- 
ting sun,  and  the  glowing  red  which  tinges 
the  morning  and  evening  clouds,  till  their 
ruddy  glare  is  tempered  by  the  purple  oi  twi- 
light, and  the  reflected  azure  of  the  sky. 

When  a  direct  spectrum  is  thrown  on 
colours  darker  than  itself,  it  mixes  with  them, 
as  the  yellow  spectrum  of  the  setting  sun, 
thrown  on  the  green  grass,  becomes  a  greener 
yellow.  But  when  a  direct  spectrum  is  thrown 
on  colours  brighter  than  itself,  it  becomes  in- 
stantly changed  into  the  reverse  spectrum^ 
which  mixes  with  those  brighter  colours. 
Thus  the  yellow  spectrum  of  the  setting  sun, 
thrown  on  the  luminous  sky,  becomes  blue, 
and  changes  with  the  colour  or  brightness  of 
the  clouds  on  which  it  appears.  The  red  part 
of  light  being  capable  of  struggling  through 
thick  and  resisting  mediums  which  intercept 
all  other  colours,  is  likewise  the  cause  why 
the  sun  appears  red  when  seen  through  a  fog ; 
why  distant  light,  though  transmitted  through 
blue  or  green  glass,  appears  red ;  why  lamps 
at  a  distance,  seen  through  the  smoke  of  a 
long  street,  are  red,  while  those  that  are  near 
are  white.  To  the  same  cause  it  is  owing 
that  a  diver  at  the  bottom  of  the  sea  is  sur- 
rounded with  the  red  light  which  has  pierced 
through  the  superincumbent  fluid,  and  that 
the  blue  rays  are  reflected  from  the  surface 
of  the  ocean.  Hence  Dr.  Halley  informs  us 
that,  when  he  was  in  a  diving  bell  at  the  bot= 
torn  of  the  sea,  his  hand  always  appeared  red 
in  the  water. 

The  blue  rays,  as  already  noticed,  being 
unable  to  resist  the  obstructions  they  meet 
with  in  their  course  through  the  atmosphere, 
are  either  reflected  or  absorbed  in  their  pas- 
sage. It  is  to  this  cause  that  most  philoso- 
phers ascribe  the  blue  colour  of  the  sky,  the 
faintness  and  obscurity  of  distant  objects,  and 
the  bright  azure  which  tinges  the  mountains 
of  a  distant  landscape. 


SECTioivr  III. 

Phenomena  of  the  Rainbow, 

Since  the  rays  of  light  are  found  to  oe  de-, 
composed  by  refracting  surfaces,  and  reflected 
in  an  infinite  variety  of  modes  and  shades  of 
colour,  we  need  not  be  surprised  at  the  changes 
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produced  in  any  scene  or  object  by  the  inter- 
vention of  another,  and  by  the  numerous 
modifications  of  which  the  primary  colours 
of  nature  are  susceptible.  The  vivid  colours 
which  gild  the  rising  and  the  setting  sun  must 
necessarily  differ  from  those  vsrhich  adorn  its 
noonday  splendour.  Variety  of  atmospheric 
scenery  will  thus  necessarily  be  produced, 
greater  than  the  most  lively  fancy  can  well 
imagine.  The  clouds  will  sometimes  assume 
the  most  fantastic  forms,  and  at  other  times 
will  be  irradiated  with  beams  of  light,  or, 
covered  with  the  darkest  hues,  will  assume  a 
lowering  aspect,  prognostive  of  the  thunder's 
roar  and  the  lightning's  flash,  all  in  accordance 
with  the  different  rays  that  are  reflected  to  our 
eyes,  or  the  quantity  absorbed  by  the  vapours 
which  float  in  the  atmosphere. 

Light,  which  embellishes  with  so  much 
magnificence  a  pure  and  serene  sky,  by  means 
of  innumerable  bright  starry  orbs  which  are 
spread  over  it,  sometimes,  in  a  dark  and 
cloudy  sky,  exhibits  an  ornament  which,  by 
its  pomp,  splendour,  and  variety  of  colours, 
attracts  the  attention  of  every  eye  that  has  an 
opportunity  of  beholding  it.  At  certain  times, 
when  there  is  a  shower  either  around  us,  or  at 
a  distance  from  us  in  an  opposite  quarter  to 
that  of  the  sun,  a  species  of  arch  or  bow  is 
seen  in  the  sky,  adorned  with  ail  the  seven 
primary  colours  of  light.  This  phenomenon, 
which  is  one  of  the  most  beautiful  meteors  in 
nature,  has  obtained  the  name  of  the  Rain- 
bow, The  rainbow  was,  for  ages,  considered 
as  an  inexplicable  mystery,  and  by  some  na- 
tions it  was  adored  as  a  deity.  Even  after 
the  dawn  of  true  philosophy,  it  was  a  con- 
siderable time  before  any  discovery  of  import- 
ance was  made  as  to  the  true  causes  which 
operate  in  the  production  of  this  phenomenon. 
About  the  yeai  1571,  M.  Fletcher,  of  Breslau, 
made  a  certain  approximation  to  the  discovery 
of  the  true  cause,  by  endeavouring  to  account 
for  the  colours  of  the  rainbow  by  means  of  a 
double  refraction  and  one  reflection.  A  nearer 
approximation  was  made  by  Antonio  de  Domi- 
nis,  bishop  of  Spalatr^,  about  1601.  He  main- 
tained that  the  double  refraction  of  Fletcher, 
with  an  intervening  reflection,  was  sufficient 
to  produce  the  colours  of  the  bow,  and  also  to 
bring  the  rays  that  formed  them  to  the  eye  of 
the  spectator,  without  any  subsequent  reflec- 
tion. To  verify  this  hypothesis,  he  procured 
a  small  globe  of  solid  glass,  and  viewing  it 
when  it  was  exposed  to  the  rays  of  the  sun, 
with  his  back  to  that  luminary,  in  the  same 
manner  as  he  had  supposed  the  drops  of  rain 
were  situated  with  respect  to  them,  he  ob- 
served the  same  colours  which  he  had  seen  in 
the  rainbow,  and  in  the  same  order.  But  he 
could  give  no  good  reason  why  the  bow  should 
be  coloured,  and,  much  less,  any  satisfactory 


account  of  the  oj^der  in  which  tlie  colours 
appear.  It  was  not  till  Sir  I.  Newton  iiis- 
covered  the  different  refrangibility  of  the  rays 
of  light  that  a  complete  and  satisfactory  ex- 
planation could  be  given  of  all  the  circum- 
stances connected  with  this  phenomenon. 

As  the  full  elucidation  of  this  subject  in- 
volves a  variety  of  optical  and  mathematical 
investigations,  I  shall  do  little  more  than  ex- 
plain the  general  principle  on  which  the  pro- 
minent phenomena  of  the  rainbow  may  be 
accounted  for,  and  some  of  the  facts  and 
results  which  theory  and  observation  have 
deduced. 

We  have  just  now  alluded  to  an  experiment 
with  a  glass  globe :  If,  then,  we  take  either  a 
solid  glass  globe,  or  a  hollow  globe  filled  with 
water,  and  suspend  it  so  high  in  the  solar 
rays  above  the  eye  that  the  spectator,  with 
his  back  to  the  sun,  can  see  the  globe  red ,-  if 
it  be  lowered  slowly,  he  will  see  it  orange, 
then  yellow,  then  green,  then  blue,  then  indigo, 
and  then  violet ;  so  that  the  drop,  at  different 
heights,  shall  present  to  the  eye  the  seven 
primitive  colours  in  succession.  In  this  case, 
the  globe,  from  its  form,  will  act  in  some 
measure  like  a  prism,  and  the  ray  will  be 
separated  into  its  component  parts.  The 
following  figure  will  more  particularly  illus- 
trate   this   point.     Suppose  A    (fig.  36)    to 

Fig.  35. 


represent  a  drop  of  rain — which  may  be  con- 
sidered as  a  globe  of  glass  in  miniature,  and 
will  produce  the  same  effect  on  the  rays  of  Hght 
— and  let  S  n  represent  a  ray  from  the  sun  fall- 
ing upon  the  upper  part  of  the  drop  at  b.  At 
the  point  of  entering  the  drop  it  will  suffer  a 
refraction,  and,  instead  of  going  forward  to  e, 
it  will  be  bent  to  x.  From  N"  a  part  of  the 
light  will  be  reflected  to  a — some  part  of  it 
will,  of  course,  pass  through  the  drop.  By 
the  obliquity  with  which  it  falls  on  the  side 
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of  the  drop  at  a,  that  part  becomes  a  kind  of 
prism,  and  separates  the  ray  into  its  primitive 
colours.  It  is  found  by  computation,  that 
after  a  ray  has  suffered  two  retractions  and 
©ne  reflection,  as  here  represented,  the  least 
ffefrangibie  part  of  it,  namely,  the  red  ray, 
will  make  an  angle  with  the  incident  solar 
ray  of  42°  %\  as  >§  f  a ;  and  the  violet,  or 
greatest  refrangible  ray,  will  make,  with  the 
solar  ray,  an  angle  of  40°  17^  as  ^S"  c  a;  and 
thus  all  the  particles  of  water  within  the  dif- 
ference of  those  two  angles,  namely,  1°  45^ 
(supposing  the  ray  to  proceed  merely  from 
the  centre  of  the  sun,)  will  exhibit  severally 
the  colours  of  the  prism,  and  constitute  the 
interim'  bow  of  the-  cloud.  This  holds  good 
at  whatever  height  the  sun  may  chance  to  be 
in  a  shower  of  rain.  U  he  be  at  a  high  alti- 
tude, the  rainbow  will  be  low  ;  if  he  be  at  a 
low  elevation,  the  rainbow  must  be  high  ;  and 
if  a  shower  happen  in  a  vale,  when  the  spec- 
tator is  on  a  mountain,  he  will  sometimes  see 
the  bow  in  the  form  of  a  complete  circle  be- 
k)w  him.  We  have  at  present  described  the 
phenomena  only  of  a  single  drop ;  but  it  is  to 
be  considered  that  in  a  shower  of  rain  there 
are  drops  at  all  heights  and  at  all  distances, 
and  therefore  the  eye  situated  at  g  will  see 
all  the  diiferent  colours.  All  those  drops  that 
are  in  a  certain  position  with  respect  to  the 
spectator  will  reflect  the  red  rays,  all  those  in 
the  next  station  the  orange,  those  in  the  next 
the  green,  and  so  on  with  regard  to  all  the 
other  colours. 

It  appears,  then,  that  the  first  or  primary 
bow  is  formed  by  two  refractions  and  one  re- 
flection ;  but  there  is  frequently  a  second  bow 
on  the  outside  of  the  other,  which  is  con- 
siderably fainter.  This  is  produced  by  drops 
of  rain  above  the  drop  we  have  supposed  at 
A.  If  B  (iig.  35)  represent  one  of  these 
drops,  the  ray  to  be  sent  to  the  eye  enters  the 
drop  near  the  bottom,  and  suffers  two  refrac- 
tions and  two  reflections,  by  which  means 
the  colours  become  reversed,  that  is,  the  violet 
is  lowest  in  the  exterior  bow,  and  the  red  is 
lowest  in  the  interior  one,  and  the  other 
colours  are  reversed  accordingly.  The  ray 
T  is  refracted  at  n :  a  part  of  it  is  reflected 
h.  om  s  to  T,  and  at  t  it  suffers  another  reflec- 
tion from  T  to  u.  At  the  points  s  and  x 
part  of  the  ray  passes  through  the  drop,  on 
.  account  of  its  transparency,  towards  w  and 
X,  and  therefore  we  say  that  part  only  of  the 
my  is  reflected.  By  these  losses  and  reflec- 
tions the  exterior  bow  becomes  faint  and  ill- 
defined  in  comparison  of  the  interior  or  pri- 
mary bow.  In  this  case  the  upper  part  of 
the  secondary  bow  will  not  be  seen  when  the 
sun  is  above  54°  10^  above  the  horizon,  and 
the  lower  part  of  the  bow  will  not  be  seen 
when  the  sun  is  60°  68''  above  the  horizon. 
(776) 


For  the  further  illustrations  of  this  subject^ 
we  may  introduce  the  following  section  of  a 
a  bow  (fig.  36,)  and,  in  order  to  prevent  con- 
Fig.  36. 


fusion  in  attempting  to  represent  all  the  dif- 
ferent colours,  let  us  suppose  only  three  drops 
of  rain,  and  three  different  colours,  as  shown 
in  the  figure.  The  spectator,  0,  being  in  the 
centre  of  the  two  bows  here  represented — the 
planes  of  which  must  be  considered  as  per- 
pendicular to  his  view — the  drops  A,  B,  and 
C  produce  part  of  the  interior  bow  by  two 
refractions  and  one  reflection,  as  stated 
before,  and  the  drops  D,  E,  F  will  produce 
the  exterior  bow  by  two  refractions  and  two 
reflections,  the  sun's  rays  being  represented 
by  3,  3.  It  is  evident  that  the  angle  COP 
is  less  than  the  angle  BOP,  and  that  thft 
angle  ^  0  P  is  the  greatest  of  the  three. 
The  largest  angle,  then,  is  formed  by  the  red 
rays,  the  middle  one  consists  of  the  green, 
and  the  smallest  the  purple  or  violet.  All 
the  drops  of  rain,  therefore,  that  happen  to  be 
in  a  certain  position  with  respect  to  the  spec- 
tator's eye,  will  reflect  the  red  rays,  and  form 
a  band  or  semicircle  of  red,  and  so  of  the 
other  colours  from  drops  in  other  positions. 
If  the  spectator  alters  his  station,  he  will  see 
a  bow,  but  not  the  same  as  before ;  antl  if 
there  be  many  spectators,  they  will  each  see 
a  different  bow,  though  it  appears  to  be  the 
same. 

The  rainbow  assumes  a  semicircular  ap- 
pearance, because  it  is  only  at  certain  angles 
that  the  refracted  rays  are  visible  to  our  eyes, 
as  is  evident  from  the  experiment  of  the  glass 
globe  formerly  alluded  to,  which  wdll  refract 
the  rays  only  in  a  certain  position.  We  have 
already  stated  that  the  red  rays  make  an 
angle  of  42°  %' ,  and  the  violet  an  angle  of  40^ 
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1?'.  Now,  if  a  Ime  be  drawn  horizontally 
from  the  spectator's  eye,  it  is  evident  that 
angles  formed  with  this  line,  of  a  certain  di- 
mension, in  every  direction,  will  produce  a 
circle,  as  will  appear  by  attaching-  a  cord  of  a 
given  length  to  a  certain  point,  round  which 
it  may  turn  as  round  its  axis ;  and,  in  every 
point,  will  describe  an  angle  with  the  horizon- 
tal line  of  a  certain  and  determinate  extent. 

Sometimes  it  happens  that  Mree  or  more 
bows  are  visible,  though  with  different  degrees 
of  distinctness.  I  have  more  than  once  ob- 
served this  phenomenon,  particularly  in  Edin- 
burgh, in  the  month  of  August,  1825,  when 
three  rainbows  were  distinctly  seen  in  the 
same  quarter  of  the  sky,  and,  if  I  recollect 
right,  a  fragment  of  a  fourth  made  its  appear- 
ance. This  happen.5  when  the  rays  suffer  a 
third  or  fourth  reflection ;  but  on  account  of 
the  light  lost  by  so  many  reflections,  such  bows 
are,  for  the  most  part,  altogether  imperceptible. 
If  there  were  no  ground  to  intercept  the 
rain  and  the  view  of  the  observer,  the  rainbow 
would  form  a  complete  circle,  the  centre  of 
which  is  diametrically  opposite  to  the  sun. 
.  Such  circles  are  sometimes  seen  in  the  spray 
of  the  sea  or  of  a  cascade,  or  from  the  tops 
of  lofty  mountains,  when  the  showers  happen 
in  the  vales  below.  Rainbows  of  various  de- 
scriptions are  frequently  observed  rising  amid 
the  spray  and  exhalations  of  waterfalls,  and 
among  the  waves  of  the  sea,  whose  tops  are 
blown  by  the  wind  into  small  drops.  There 
IS  one  regularly  seen  when  the  sun  is  shining, 
and  the  spectator  in  a  proper  position,  at  the 
fall  of  Staubback,  in  the  bosom  of  the  Alps ; 
one  near  Schatf  hausen  ;  one  at  the  cascade  of 
Lauffen,  and  one  at  the  cataract  of  Niagara 
in  North  America.  A  still  more  beautiful  one 
is  said  to  be  seen  at  Terni,  where  the  whole 
current  of  the  River  Velino,  rushing  from  a 
steep  precipice  of  nearly  200  feet  high,  pre- 
sents to  the  spectator  below  a  variegated  cir- 
cle, overarching  the  fall,  and  two  other  bows 
suddenly  reflected  on  the  right  and  left.  Don 
Ulloa,  in  the  account  of  his  journeys  in  South 
America,  relates  that  circular  rainbows  are 
frequently  se*^r^  on  the  mountains  above  Quito 
in  Peru.  It  is  said  that  a  rainbow  was  once 
seen  near  London,  caused  by  the  exhalations 
of  that  city,  after  the  sun  had  been  below  the 
horizon  more  than  twenty  minutes.*  A  naval 
friend  says  Mr.  Bucke,  informed  me  that,  as 
he  was  one  day  watching  the  sun's  effect  upon 
the  exhalations  near  Juan  Fernandez,  he  saw 
upward  of  five-and-twenty  ires  marinse,  ani- 
mate the  sea  at  the  same  time.  In  these  ma- 
rine bows  the  concave  sides  were  turned 
upward,  the  drops  of  water  rising  from  below, 
and  not  falling  from  above,  as  in  the  instances 
of  the  aerial  arches.     Rainbows  are  also  oc- 
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casionally  seen  on  the  grass  in  the  morning 
dew,  and  likewise  when  the  hoarfrost  is  de- 
scending. Dr.  Langwith  once  saw  a  bow 
lying  on  the  ground,  the  colours  of  which 
were  almost  as  lively  as  those  of  a  common 
rainbow.  It  was  not  round,  but  oblong,  and 
was  extended  several  hundred  yards.  The 
colours  took  up  less  space,  and  were  much 
more  lively  in  those  parts  of  the  bow  which 
were  near  him  than  in  those  which  were  at  a 
distance.  When  M.  Labiiiardiere  was  on 
Mount  Teneriffe,  he  saw  the  contour  of  his 
body  traced  on  the  clouds  beneath  him.  in  all 
the  colours  of  the  solar  bow.  He  had  pre- 
viously witnessed  this  phenomenon  on  the 
Kesrouan,  in  Asia  Minor.  The  rainbows  of 
Greenland  are  said  to  be  frequently  of  a  pale 
white,  fringed  with  a  brownish  yellow^,  arising 
from  the  rays  of  the  sun  being  reflected  from 
a  frozen  cloud. 

The  following  is  a  summar}'  view  of  the 
principal  facts  which  have  been  ascertained 
respecting  the  rainbow:  1.  The. rainbow  can 
only  be  seen  when  it  rains,  and  in  that  point 
of  the  heavens  which  is  opposite  to  the  sun. 
2.  Both  the  primary  and  secondary  bows  are 
variegated  with  all  the  prismatic  colours — the 
red  being  the  highest  colour  in  the  primary,  or 
brightest  bow,  and  the  violet  the  highest  in  the 
exterior.  3.  The  primary  rainbow  can  never 
be  a  greater  arc  than  a  semicircle ;  and,  when 
the  sun  is  set,  no  bow,  in  ordinary  circum- 
stances, can  be  seen.  4.  The  breadth  of  the 
inner  or  primary  bow — supposing  the  sun  but 
a  point — is  1°  45',  and  the  breadth  of  the  ex- 
terior bow  3°  12',  which  is  nearly  twice  as 
great  as  that  of  the  other;  and  the  distance 
between  the  bows  is  8°  55'.  But  since  the 
body  of  the  sun  subtends  an  angle  of  about 
half  a  degree,  by  so  much  will  each  bow  be 
increased,  and  their  distance  diminished ;  and 
therefore  the  breadth  of  the  interior  bow  will 
be  2°  15',  and  that  of  the  exterior  3°  42',  and 
their  distance  8°  25'.  The  greatest  semi- 
diameter  of  the  interior  bow,  on  the  same 
grounds,  will  be  42°  17',  and  the  least  of  the 
exterior  bow  50°  43'.  5.  When  the  sun  is  in 
the  horizon,  either  in  the  morning  or  evening, 
the  bows  will  appear  complete  semicircles.  On 
the  other  hand,  when  the  sun's  altitude  is 
equal  to  42°  2',  or  to  64°  10^  the  summits  of 
the  bows  will  be  depressed  below  the  horizon. 
Hence,  during  the  days  of  summer,  within  a 
certain  interval  each  day,  no  visible  rainbows 
can  be  formed,  on  account  of  the  sun's  high 
altitude  above  the  horizon.  6.  The  altitude 
of  the  bows  above  the  horizon  or  surface  of 
the  earth  varies  according  to  the  elevation  of 
the  sun.  The  altitude,  at  any  time,  may  bo 
taken  by  a  common  quadrant,  or  any  other 
angular  instrument;  but  if  the  sun's  altitude 
at  any  particular  time  be  known,  the  height 
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of  the  summit  of  any  of  the  bows  may  be 
found  by  subtracthig  the  sun's  altitude  from 
42°  2'  for  the  inner  bow,  and  from  54°  10' 
for  the  outer.  Thus,  if  the  sun's  altitude  be 
26°,  the  height  of  the  primary  bow  would  be 
16°  2^  and  of  the  secondary,  28°  10^  It  fol- 
lows that  the  height  and  the  size  of  the  bows 
diminish  as  the  altitude  of  the  sun  increases. 
7.  If  the  sun's  altitude  is  more  than  42°,  and 
loss  than  64°,  the  exterior  bow  may  be  seen, 
though  the  interior  bow  is  invisible.  8.  Some- 
times only  a  portion  of  an  arch  will  be  visible, 
while  all  the  other  parts  of  the  bow  are  invi- 
sible. This  happens  when  the  rain  does  not 
occupy  a  space  of  sufficient  extent  to  com- 
plete the  bow;  and  the  appearance  of  this 
position,  and  even  of  the  bow  itself,  will  be 
various,  according  to  the  nature  of  the  situa- 
tion, and  the  space  occupied  by  the  rain. 

The  appearance  of  the  rainbow  may  be  pro- 
duced by  artificial  means  at  any  time  when 
the  sun  is  shining  and  not  too  highly  elevated 
above  the  horizon.  This  is  effected  by  means 
of  artificial  fountains,  or^e^  d'eaus,  which  are 
intended  to  throw  up  streams  of  water  to  a 
great  height.  These  streams,  when  they  spread 
very  wide,  and  blend  together  in  their  upper 
parts,  form,  when  falling,  a  shower  of  artificial 
rain.  If,  then,  when  the  fountain  is  playing, 
we  move  between  it  and  the  sun,  at  a  proper 
distance  from  the  fountain,  till  our  shadow 
point  directly  towards  it,  and  look  at  the 
shower,  we  shall  observe  the  colours  of  the 
rainbow  strong  and  vivid ;  and,  what  is  par- 
ticularly worthy  of  notice,  the  bow  appears, 
notwithstanding  the  nearness  of  the  shower, 
to  be  as  large  and  as  far  off  as  the  rainbow 
which  we  see  in  a  natural  shower  of  rain. 
The  same  experiment  may  be  made  by  candle- 
light, and  with  any  instrument  that  will  form 
an  artificial  shower. 

Luna?'  JRainhows. — A  lunar  bow  is  some- 
times formed  at  night,  by  the  rays  of  the  moon 
striking  on  a  rain-cloud,  especially  when  she 
is  about  the  full.  But  such  a  phenomenon  is 
very  rare.  Aristotle  is  said  to  have  considered 
himself  the  first  who  had  seen  a  lunar  rain- 
bow. For  more  than  a  hundred  years  prior 
to  the  middle  of  the  last  century,  we  find  only 
two  or  three  instances  recorded  in  which  such 
phenomena  are  described  with  accuracy.  In 
the  Philosophical  Transactions  for  1783,  how- 
ever, we  have  an  account  of  three  having 
been  seen  in  one  year,  ard  all  in  the  same 
place,  but  they  are  by  no  means  common 
phenomena.  I  have  had  an  opportunity  within 
the  last  twenty  years  of  witnessing  two  phe- 
nomena of  this  description,  one  of  which  was 
seen  at  Perth,  on  a  Sabbath  evening,  in  the 
autumn  of  1825,  and  the  other  at  Edinburgh, 
.on  Wednesday,  the  9th  of  September,  1840, 
about  eight  o'clock  in  the  evening,  of  both 
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which  I  gave  a  detailed  description  in  some  ol 
the  public  journals.  The  moon,  in  both  cases, 
was  within  a  day  or  two  of  the  full;  the 
arches  were  seen  in  the  northern  quarter  of 
the  heavens,  and  extended  nearly  from  east  to 
west,  the  moon  being  not  far  from  the  southern 
meridian.  The  bows  appeared  distinct  and 
well  defined,  but  no  distinct  traces  of  the  pris- 
matic colours  could  be  perceived  on  any  of 
them.  That  which  appeared  in  1825  was  the 
most  distinctly  formed,  and  continued  visible 
for  more  than  an  hour.  The  other  was  much 
fainter,  and  lasted  little  more  than  half  an 
hour,  dark  clouds  having  obscured  the  face  of 
the  moon.  These  bows  bore  a  certain  resem- 
blance to  some  of  the  luminous  arches  which 
sometimes  accompany  the  Aurora  Borealis, 
and  this  latter  phenomenon  has  not  unfre- 
quently  been  mistaken  for  a  lunar  rainbow ; 
but  they  may  be  always  distinguished  by  at- 
tending to  the  phases  and  position  of  the 
moon.  If  the  moon  be  not  visible  above  the 
horizon,  if  she  be  in  her  first  or  last  quarter, 
or  if  any  observed  phenomenon  be  not  in  a 
direction  opposite  to  the  moon,  we  may  con- 
clude with  certainty  that,  whatever  appear- 
ance is  presented,  there  is  no  lunar  rainbow. 
The  rainbow  is  an  object  which  has  en- 
gaged universal  attention,  and  its  beautiful 
colours  and  form  have  excited  universal  admi- 
ration. The  poets  have  embellished  their  writ- 
ings with  many  beautiful  allusions  to  this 
splendid  meteor ;  and  the  playful  schoolboy, 
while  viewing  the  "  bright  enchantment,"  has 
frequently  run  "  to  catch  the  falling  glory." 
When  its  arch  rests  on  the  opposite  sides  of 
a  narrow  valley,  or  on  the  summits  of  two 
adjacent  mountains,  its  appearance  is  both 
beautiful  and  grand.  In  all  probability,  its 
figure  first  suggested  the  idea  of  arches,  which 
are  now  found  of  so  much  utility  in  forming 
aqueducts  and  bridges,  and  for  adorning  the 
architecture  of  palaces  and  temples.  It  is 
scarcely  possible  seriously  to  contemplate  this 
splendid  phenomenon  without  feeling  admi- 
ration and  gratitude  towards  that  wise  and 
beneficent  Being  whose  hands  have  bent  it 
into  so  graceful  and  majestic  a  form,  and 
decked  it  with  all  the  pride  of  colours.  "  Look 
upon  the  rainbow,"  says  the  son  oi  Sirach,* 
"  and  praise  Him  that  made  it :  very  beauti- 
ful  it  is  in  the  brightness  thereof.  It  com- 
passeth  the  heaven  about  with  a  glorious  circle, 
and  the  hands  of  the  Most  High  have  bended 
it."  To  this  grand  ethereal  bow  the  inspired 
writers  frequently  allude  as  one  of  the  em- 
blems of  the  majesty  and  splendour  of  the  Al- 
mighty. In  the  prophecies  of  Ezekiel,  the 
throne  of  Deity  is  represented  as  adorned  with 
a  brightness  "  like  the  appearance  of  the  bow 
that  is  in  the  cloud  in  the  day  of  rain — -the 
*  Ecclesiasticus,  xliii.  11,  12. 
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appeaxance  of  the  likeness  of  the  glory  of  Je- 
hovah." And,  in  the  visions  recorded  in  the 
Book  of  the  Revelations,  where  the  Most 
High  is  represented  as  sitting  upon  a  throne, 
"  there  was  a  rainbow  round  about  the  throne, 
in  sight  hke  unto  an  emerald,"  as  an  emblem 
of  his  propitious  character,  and  of  his  faithful- 
ness and  mercy.  After  the  deluge,  this  bow 
was  appointed  as  a  sign  and  memorial  of  the 
covenant  which  God  made  with  Noah  and  his 
sons,  that  a  flood  of  waters  should  never 
again  be  permitted  to  deluge  the  earth  and  its 
inhabitants,  and  as  a  pledge  of  inviolable  fide- 
lity and  Divine  benignity.  When,  therefore, 
we  at  any  time  behold  "the  bow  in  the 
cloud,"  we  have  not  only  a  beautiful  and  sub- 
lime phenomenon  presented  to  the  eye  of 
sense,  but  also  a  memorial  exhibited  to  the 
mental  eye,  assuring  us  that,  "  While  the  earth 
remaineih,  seed-time  and  harvest,  and  cold 
and  heat,  and  summer  and  winter,  and  day 
and  night,  shall  not  ceased''* 

"  On  the  broad  sky  is  seen 
A  dewy  cloud,  and  in  the  cloud  a  bow 
Conspicuous,  with  seven  listed  colours  £:ay. 
Betokening  peace  with  God  and  covenant  new. 
He  gives  a  promise  never  to  destroy 
The  earth  again  by  flood,  nor  let  the  sea 
Surpass  his  bounds,  nor  rain  to  drow^n  the  world." 
Milton,  Par.  Lost,  Book  XL 


SECTioisr  IV. 

Reflections  on  the  beauty  and  utility  of 
Colours, 

Colour  is  one  of  the  properties  of  light 
which  constitutes  chiefly  the  beauty  and 
sublimity  of  the  universe.  It  is  colour,  in  all 
its  diversified  shades,  which  presents  to  our 
view  that  almost  infinite  variety  of  aspect 
which  appears  on  the  scene  of  nature,  which 
gives  delight  to  the  eye  and  the  imagination, 
and  which  adds  a  fresh  pleasure  to  every  new 
landscape  we  behold.  Every  flower  which 
decks  our  fields  and  gardens  is  compounded  of 
different  hues ;  every  plain  is  covered  with 
shrubs  and  trees  of  different  degrees  of  ver- 

*  It  is  a  question  which  has  been  frequently 
started,  Whether  there  was  any  rainbow  before 
the  flood'?  Some  have  conceived  that  the  rain- 
bow was  something  of  a  iniraculous  production, 
and  that  it  was  never  seen  before  the  flood.  The 
equivocal  sense  of  the  word  "  set,"  in  our  trans- 
lation, has  occasioned  a  mistaken  impression  of 
this  kind.  The  Hebrew  word,  thus  translated, 
signifies  more  properiy  "I  do  give,"  or  "I  a/?- 
point."  The  whole  passage  in  reference  to  this 
circumstance,  literally  translated,  runs  thus:  "I 
appoint  my  boW  which  is  in  the  cloud,  that  it  may 
be  for  a  sign  or  token  of  a  covenant  between  me 
and  the  earth;  and  it  shall  come  to  pass,  when  I 
bring  a  cloud  over  the  earth,  and  the  bow  shall  be 
seen  in  the  cl:>ud,  that  I  will  remember  my  cove- 
nant that  is  between  me  and  you,"  &c.    As  the 


dure ;  and  almost  every  mountain  is  clothed 
with  herbs  and  grass  of  different  shade  from 
those  which  appear  on  the  hills  and  landscape 
with  which  it  is  surrounded.  In  the  country, 
during  summer,  nature  is  every  day,  and 
almost  every  hour,  varying  her  appearance  by 
the  multitude  and  variety  of  her  hues  and 
decorations,  so  that  the  eye  wanders  with 
pleasure  over  objects  continually  diversified, 
and  extending  "as  far  as  the  sight  can  reach. 
In  the  flowers  with  which  every  landscape  is 
adorned,  what  a  lovely  assemblage  of  colours, 
and  what  a  wonderful  art  in  the  disposition  of 
their  shades !  Here  a  light  pencil  seems  to 
have  laid  on  the  delicate  tints ;  there  they  are 
blended  according  to  the  nicest  rules  of  art. 
Although  green  is  the  general  colour  which 
prevails  over  the  scene  of  sublunary  nature, 
yet  it  is  diversified  by  a  thousand  different 
shades,  so  that  every  species  of  tree,  shrub, 
and  herb  is  clothed  with  its  own  peculiar  ver- 
dure. The  dark  green  of  the  forests  is  thus 
easily  distinguished  from  the  lighter  shades  of 
cornfields  and  the  verdure  of  the  lawns.  The 
system  of  animated  nature  likewise  displays  a 
diversified  assemblage  of  beautiful  colours. 
The  plumage  of  birds,  the  briUiant  feathers  of 
the  peacock,  the  ruby  and  emerald  hues  which 
adorn  the  little  humming-bird,  and  the  various 
embellishments  of  many  species  of  the  insect 
tribe,  present  to  the  eye,  in  every  region  of 
the  globe,  a  scene  of  diversified  beauty  and 
embellishment.  Nor  is  the  mineral  kingdom 
destitute  of  such  embellishments ;  for  some  of 
the  darkest  and  most  unshapely  stones  and 
pebbles,  when  polished  by  the  hand  of  art, 
display  a  mixture  of  the  most  delicate  and  va- 
riegated colours.  All  which  beauties  and  va- 
rieties in  the  scene  around  us  are  entirely 
owing  to  that  property,  in  every  ray  of  light, 
by  which  it  is  capable  of  being  separated  into 
the  primitive  colours. 

To  the  same  cause,  likewise,  are  to  be 
ascribed  those  beautiful  and  diversified  ap- 
pearances which  frequently  adorn  the  face  of 
the  sky — the  yellow,  orange,  and  ruby  hues 
which  embellish  the  firmament  at  the  rising  of 
the  sun,  and  when  he  is  about  to  descend 


rainbow  is  produced  by  the  immutable  laws  of  re- 
fraction and  reflection,  as  applied  to  the  rays  of  the 
sun  striking  on  drops  of  falling  rain,  the  pheno- 
menon must  have  been  occasionally  exhibited  from 
the  beginning  of  the  world;  unless  we  suppose 
that  there  was  no  rain  before  the  flood,  and  that 
the  constitution  of  things  in  the  physical  system 
was  very  difi'erent  from  what  it  is  now.  The 
passage  afiirms  no  more  than  that  the  rainbow 
was  then  appointed  to  be  a  symbol  of  the  covenant 
between  God  and  man  ;  and  although  it  may  have 
been  frequently  seen  before,  it  would  serve  the 
purpose  of  a  sign  equally  well  as  if  it  had  been 
miraculously  formed  for  this  purpose,  and  even 
better,  as  its  frequent  appearance,  according  to 
natural  laws,  is  a  perpetual  memorial  to  man  of 
the  Divine  faithfulness  and  mercy, 
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below  the  western  horizon  ;  and  those  aerial 
landscapes,  so  frequently  beheld  in  tropical 
climes,  where  rivers,  castles,  and  mountains 
are  depicted  rolling  over  each  other  along  the 
circle  of  the  horizon.  The  clouds,  especially 
in  some  countries,  reflect  almost  every  colour 
in  nature.  Sometimes  they  wear  the  modest 
blush  of  the  rose ;  sometimes  they  appear  like 
stripes  of  deep  vermilion,  and  sometimes  as 
large,  brilliant  masses  tinged  'with  various 
hues ;  now  they  are  white  as  ivory,  and  now 
as  yellow  as  native  gold.  In  some  ti'opical 
countries,  according  to  St.  Pierre,  the  clouds 
roll  themselves  up  into  enormous  masses  as 
white  as  snow,  and  are  piled  upon  each  other 
like  the  Cordeliers  of  Peru,  and  are  moulded 
into  the  shape  of  mountains,  of  caverns,  and 
of  rocks.  When  the  sun  sets  behind  this 
magnificent  aerial  network,  a  multitude  of  lu- 
minous rays  are  transmitted  through  each 
particular  interstice,  which  produce  such  an 
effect  that  the  two  sides  of  the  lozenge  illumi- 
nated by  them  have  the  appearance  of  being 
begirt  with  a  fillet  of  gold ;  and  the  other  two, 
which  are  in  the  shade,  seem  tinged  with  a 
superb  ruddy  orange.  Four  or  five  divergent 
streams  of  light,  emanating  from  the  setting 
sun  up  to  th6  zenith,  clothe  with  fringes  of 
gold  the  nndeterminate  summits  of  this  celes- 
tial barrier,  and  proceed  to  strike  with  the  re- 
flexes of  their  fires  the  pyramids  of  the  col- 
lateral aerial  mountains,  which  then  appear 
to  consist  of  silver  and  vermilion.  In  short, 
colour  diversifies  every  sublunary  scene, 
whether  on  the  earth  or  in  the  atmosphere ; 
it  imparts  a  beauty  to  the  phenomena  of  fall- 
ing stars,  of  luminous  arches,  and  the  corusca- 
tions of  the  Aurora  Boreaiis,  and  gives  a 
splendour  and  sublimity  to  the  spacious  vault 
of  heaven. 

Let  us  now  consider  for  a  moment  what 
would  be  the  aspect  of  nature  if,  instead  of 
the  beautiful  variety  of  embellishments  which 
now  appear  on  every  landscape,  and  on  the 
concave  of  the  sky,  one  uniform  colour  had 
been  thrown  over  the  scenery  of  the  universe. 
Let  us  conceive  the  whole  of  terrestrial  na- 
ture to  be  covered  with  snow,  so  that  not  an 
object  on  earth  should  appear  with  any  other 
hue,  and  that  the  vast  expanse  of  the  firma- 
ment presented  precisely  the  same  uniform 
aspect.  What  would  be  the  consequence  1 
The  light  of  the  sun  would  be  strongly  re- 
flected from  all  the  objects  within  the  bounds 
of  our  horizon,  and  would  produce  a  lustre 
which  would  dazzle  every  eye.  The  day 
would  acquire  a  greater  hrigJdness  than  it 
now  exhibits,  and  our  eyes  might,  after  some 
time,  be  enabled  freely  to  expatiate  over  the 
surrounding  landscape ;  but  every  thing, 
though  enlightened,  would  appear  confused, 
and  particular  objects  would  scarcely  be  dis- 
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tinguishable.  A  tree,  a  house,  or  a  cWrcl^ 
near  at  tiand  might  possibly  be  distinguished, 
on  account  of  its  elevation  above  the  general 
surface  of  the  ground,  and  the  bed  of  a  river 
by  reason  of  its  being  depressed  below  it.  But 
we  should  be  obhged  rather  to  guess,  and  to 
form  a  conjecture  as  to  the  particular  object 
we  wished  to  distinguish,  than  to  arrive  at 
any  certain  conclusion  respecting  it;  and  if  it 
lay  at  a  considerable  distance,  it  would  be  im- 
possible, with  any  degree  of  probability,  to 
discriminate  any  one  object  from  another. 
Notwithstanding  the  universal  brightness  of 
the  scene,  the  uniformity  of  colour  thrown  on 
every  object  would  most  certainly  prevent  us 
from  distinguishing  a  church  from  a  palace,  a 
cottage  from  a  knoll  or  heap  of  rubbish,  a 
splendid  mansion  from  rugged  rocks,  the  trees 
from  the  hills  on  which  they  grow,  or  a  barren 
desart  from  rich  and  fertile  plains.  In  such  a 
case  human  beings  would  be  confounded,  and 
even  friends  and  neighbours  be  at  a  loss  to 
recognize  one  another. 

The  vault  of  heaven,  too,  would  wear  a 
uniform  aspect.  Neither  planets  nor  comets 
would  be  visible  to  any  eye,  nor  those  mil- 
lions of  stars  which  now  shine  forth  with  so 
much  brilliancy,  and  diversify  the  nocturnal 
sky ;  for  it  is  by  the  contrast  produced  by  the 
deep  azure  of  the  heaven?-  and  the  white 
radiance  of  the  stars  that  those  bodies  are 
rendered  visible.  Were  they  depicted  on  a 
pure  white  ground,  they  would  not  be  distin- 
guished from  that  ground,  and  would,  con- 
sequently, be  invisible,  unless  any  of  them 
occasionally  assumed  a  different  colour.  Of 
course,  all  that  beautiful  variety  of  aspect 
which  now  appears  on  the  face  of  sublunary 
nature — the  rich  verdure  of  the  fields,  the 
stately  port  of  the  forest,  the  rivers  meander- 
ing through  the  valleys,  the  splendid  hues 
that  diversify  and  adorn  our  gardens  and 
meadows,  the  gay  colouring  of  the  morning 
and  evening  clouds,  and  all  that  variety  which 
distinguishes  the  different  seasons,  would  en- 
tirely disappear.  As  every  landscape  would 
exhibit  nearly  the  same  aspect,  there  would 
be  no  inducement  to  the  poet  and  the  philo- 
sopher to  visit  distant  countries  to  investigate 
the  scenes  of  nature,  and  journey ings  from 
one  region  to  another  would  scarcely  be  pro- 
ductive of  enjoyment.  Were  any  other  single 
colour  to  prevail,  nearly  the  same  results  would 
ensue.  Were  a  deep  ruddy  hue  to  be  uni- 
formly spread  over  the  scene  of  creation,  it 
would  not  only  be  offensive  to  the  eye,  but 
would  likewise  prevent  all  distinction  of  ob^ 
jects.  Were  a  dark  blue  or  a  deep  violet  to 
prevail,  it  would  produce  a  similar  effect,  and, 
at  the  same  time,  present  the  scene  of  nature 
as  covered  with  a  dismal  gloom.  Even  if 
creation  were  arrayed   in   a  robe  of  greeih 
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which  is  a  more  pleasant  colour  to  the  eye, 
were  it  not  diversified  with  the  different 
shades  it  now  exhihits,  every  object  would  be 
equally  undistinguishable. 

Such  would  have  been  the  aspect  of  crea- 
tion, and  the  inconveniences  to  which  we 
should  have  been  subjected,  had  the  Creator 
afforded  us  light  without  that  intermixture  of 
colours  which  now  appears  over  ail  nature, 
and  which  serves  to  discriminate  one  object 
from  another.  Even  our  very  apartments 
would  have  been  tame  and  insipid,  incapable 
of  the  least  degree  of  ornament,  and  the  arti- 
cles with  which  they  are  furnished  almost 
undistinguishable,  so  that,  in  discriminating 
one  object  from  another,  we  should  have  been 
as  much  indebted  to  the  sense  of  touch  as  to 
the  sense  of  vision.  Our  friends  and  fellow- 
men  would  have  presented  no  objects  of  in- 
terest in  our  daily  associations.  The  spark- 
ling eye,  the  benignant  smile,  the  modest 
blush,  the  blended  hues  of  white  and  vermi- 
lion in  the  human  face,  and  the  beauty  of  the 
female  countenance,  would  all  have  vanished, 
and  we  should  have  appeared  to  one  another 
as  so  many  moving  marble  statues,  cast 
nearly  in  the  same  mould.  But  what  would 
have  been,  worst  of  all,  the  numerous  delays, 
uncertainties,  and  perplexities  to  which  we 
should  have  been  subjected,  had  we  been 
under  the  necessity  every  moment  of  distin- 
guishing objects  by  trains  of  reasoning,  and 
by  circumstances  of  time,  place,  and  relative 
position  1  An  artist,  when  commencing  his 
work  in  the  morning,  with  a  hundred  tools 
of  nearly  the  same  size  and  shape  around  him, 
would  have  spent  a  considerable  portion  of  his 
time  before  he  could  have  selected  those  pro- 
per for  his  purpose,  or  the  objects  to  which 
they  were  to  be  applied ;  and  in  every  depart- 
ment of  society,  and  in  all  our  excursions  from 
one  place  to  another,  similar  difficulties  and 
perplexities  would  have  occurred.  The  one 
half  of  our  time  must  thus  have  been  employed 
in  uncertain  guesses  and  perplexing  reason- 
ings respecting  the  real  nature  and  individu- 
ality of  objects,  rather  than  in  a  regular  train 
of  thinking  and  of  employment ;  and,  after  all 
our  perplexities  and  conjectures,  we  must  have 
remained  in  the  utmost  uncertainty  as  to  the 
thousands  of  scenes  and  objects  which  are 
now  obvious  to  us,  through  the  instrument- 
ality of  colours,  as  soon  as  we  open  our  eyes. 
In  short,  without  colour  we  could  have  had 
no  books  nor  writings :  we  could  neither  have 
corresponded  with  our  friends  by  letters,  nor 
have  known  any  thing  with  certainty  of  the 
events  which  happened  in  former  ages.  No 
written  revelation  of  the  will  of  God,  and  of 
his  character,  such  as  we  now  enjoy,  could 
have  been  handed  down  to  us  from  remote 
periods  and  generations.     The  discoveries  of 


science  and  the  im^provements  cf  art  would 
have  remained  unrecorded.  Universal  igno- 
rance would  have  prevailed  throughout  the 
world,  and  the  human  mind  have  remained  in 
a  state  of  demoralization  and  debasement.  All 
these,  and  many  other  inconveniences  and 
evils  would  have  inevitably  followed,  had  not 
God  painted  the  rays  of  light  with  a  diversity 
of  colours.  And  hence  we  may  learn  that 
the  most  important  scenes  and  events  in  the 
universe  may  depend  upon  the  existence  of  a 
single  principle  in  nature,  and  even  upon  the 
most  minute  circumstances,  which  we  may  be 
apt  to  overlook,  in  the  arrangements  of  the 
material  world 

In  the  existing  state  of  things  in  the  visible 
creation,  we  cannot  but  admire  the  wisdom 
and  beneficence  of  the  Deity  in  thus  enabling 
us  to  distinguish  objects  by  so  easy  and  expe- 
ditious a  mode  as  that  of  colour,  which  in  a 
moment  discriminates  every  object  and  its 
several  relations.  We  rise  in  the  morning  to 
our  respective  employments,  and  our  food, 
our  drink,  our  tools,  our  books,  and  whatever 
is  requisite  for  our  comfort,  are  at  once  dis- 
criminated. Without  the  least  hesitation  or 
uncertainty,  and  without  any  perplexing  pro- 
cess of  reasoning,  we  can  lay  our  hands  on 
whatever  articles  we  require.  Colour  clothes 
every  object  with  its  peculiar  livery,  and  in- 
fallibly directs  the  hands  in  its  movements, 
and  the  eye  in  its  surveys  and  contemplations. 
But  this  is  not  the  only  end  which  the  Divine 
Being  had  in  view  in  impressing  on  the  rays 
of  light  a  diversity  of  colours.  It  is  evident 
that  he  likewise  intended  to  minister  to  our 
pleasures  as  well  as  to  our  wants.  To  every 
man  of  taste,  and  almost  to  every  human 
being,  the  combination  of  colours  in  jflowers, 
the  delicate  tints  with  v,?hich  they  are  painted, 
the  diversified  shades  of  green  with  which  the 
hills  and  dales,  the  mountains  and  the  vales 
are  arrayed,  and  that  beautiful  variety  which 
appears  in  a  bright  summer  day  on  all  the 
objects  of  this  lower  creation,  are  sources  of 
the  purest  enjoyment  and  dehght.  It  is  colour, 
too,  as  well  as  magnitude,  that  adds  to  the 
sublimity  of  objects.  Were  the  canopy  of 
heaven  of  one  uniform  hue,  it  would  fail  in 
producing  those  lofty  conceptions,  and  those 
delightful  and  transporting  emotions,  which  a 
contemplation  of  its  august  scenery  is  calcu- 
lated to  inspire.  Colours  are  likewise  of  con- 
siderable utility  in  the  intercourse  of  general 
society.  They  serve  both  for  ornaments,  and 
for  distinguishing  the  different  ranks  and  con» 
ditions  of  the  community;  they  add  to  the 
beauty  and  gracefulness  of  our  furniture  and 
clothing.  At  a  glance,  they  enable  us  at 
once  to  distinguish  the  noble  from  the  ignoble, 
the  prince  from  his  subjects,  the  master  from 
his  servant,  and  the  widow,  clothed  with  sabla 
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weeds,  from  the  bride  adorned  with  her  nup- 
tial ornaments. 

Since  colours,  then,  are  of  so  much  value 
and  importance,  they  may  he  reckoned  as 
Holding  a  rank  among  the  noblest  natural 
gifts  of  the  Creator.  As  they  are  of  such 
essential  service  to  the  inhabitants  of  our 
globe,  there  can  be  no  doubt  that  they  serve 
Bimilar  or  analogous  purposes  throughout  all 
the  worlds  in  the  universe.  The  colours  dis- 
played in  the  solar  beams  are  common  to  all 
the  globes  which  compose  the  planetary  sys- 
tem, and  must  necessarily  be  reflected,  in  all 
their  diversified  hues,  from  objects  on  their 
surfaces.  The  light  which  radiates  from  the 
fixed  stars  displays  a  similar  diversity  of 
colours.  Some  of  the  double  stars  are  found 
to  emit  light  of  different  hues ;  the  larger  star 
exhibiting  light  of  a  ruddy  or  orange  hue,  and 
the  smaller  one  a  radiance  which  approaches 
to  blue  or  green.  There  is,  therefore,  reason 
to  conclude  that  the  objects  connected  with 
the  planets  which  revolve  round  such  stars — • 
being  occasionally  enlightened  by  suns  of 
different  hues — will  display  a  more  variegated 
and  splendid  scenery  of  colouring  than  is  ever 
beheld  in  the  world  on  which  we  dwell ;  and 
that  one  of  the  distinguishing  characteristics 
of  different  worlds,  in  regard  to  their  embel- 
lishments, may  consist  in  the  splendour  and 
variety  of  colours  with  which  the  objects  on 
their  surfaces  are  adorned.  In  the  metapho- 
rical description  of  the  glories  of  the  New 
Jerusalem,  recorded  in  the  Book  of  Revela- 
tion, one  of  the  chief  characteristics  of  that 
city  is  said  to  consist  in  the  splendour  and 
diversity  of  hues  with  which  it  is  adorned. 
It  is  represented  as  "  coming  dov>^n  from 
heaven,  -prepared  as  a  hride  adorned,  for  her 
hushand,^^  and  as  reflecting  all  the  beautiful 
and  variegated  colours  which  the  finest  gems 
on  earth  can  exhibit ;  evidently  indicating  that 
splendour  and  variety  of  colouring  are  some 
of  the  grandest  features  of  celestial  scenery. 

On  the  whole,  the  subject  of  colours,  when 
seriously  considered,  is  calculated  to  excite  us 
to  the  adoration  of  the  goodness  and  intelli- 
gence of  that  Almighty  Being  whose  wisdom 
planned  all  the  arrangements  of  the  universe, 
and  to  inspire  us  with  gratitude  for  the  nume- 
rous conveniences  and  pleasures  we  derive 
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from  those  properties  and  laws  he  has  im- 
pressed on  the  material  system.  He  might 
have  afforded  us  light,  and  even  splendid  illu- 
mination, without  the  pleasures  and  advantages 
which  diversified  colours  now  produce,  and 
man  and  other  animated  beings  might  have 
existed  in  such  a  state.  But  what  a  very  dif- 
ferent scene  would  the  world  have  presented 
from  what  it  now  exhibits !  Of  how  many 
thousands  of  pleasures  should  we  have  been 
deprived !  and  to  what  numerous  inconve- 
niences and  perplexities  should  we  have  been 
subj  ected  !  The  sublimity  and  glories  of  the 
firmament,  and  the  endless  beauties  and  varie-" 
ties  which  now  embellish  our  terrestrial  sys- 
tem, would  have  been  for  ever  unknown,  and 
man  could  have  had  little  or  no  incitement  to 
study  and  investigate  the  works  of  his  Crea-= 
tor.  In  this,  as  well  as  in  many  other  ar-» 
rangements  in  nature,  we  have  a  sensible 
proof  of  the  presence  and  agency  of  that  Al- 
mighty Intelligence  "  in  whom  we  live,  and 
move,  and  have  our  being."  None  but  an 
infinitely  Wise  and  Beneficient  Being,  inti- 
mately present  in  all  places,  could  thus  so  re- 
gularly create  in  us,  by  means  of  colour,  those 
exquisite  sensations  which  afford  so  much  de- 
light, and  which  unite  us,  as  it  were,  with 
every  thing  around  us.  In  the  diversity  of 
hues  spread  over  the  face  of  creation,  we  have 
as  real  a  display  of  the  Divine  presence  as 
Moses  enjoyed  at  the  burning  bush.  The 
only  difference  is,  that  the  one  was  out  of  the 
common  order  of  Divine  procedure,  and  the 
other  in  accordance  with  those  permanent 
laws  which  regulate  the  econom}  of  the  uni- 
verse. In  every  colour,  then,  which  we  con» 
template,  we  have  a  sensible  memorial  of  the 
presence  of  that  Being  "whose  Spirit  gar- 
nished the  heavens  and  laid  the  foundations 
of  the  earth,"  and  whose  '<  merciful  visitation" 
sustains  us  every  moment  in  existence.  But 
the  revelation  of  God  to  our  senses,  through 
the  various  objects  of  the  material  world,  haa 
become  so  familiar,  that  we  are  apt  to  forget 
the  Author  of  all  our  enjoyments,  even  at  the 
moment  when  we  are  investigating  his  works 
and  participating  of  his  benefits.  "  0  that 
men  would  praise  Jehovah  for  his  goodness, 
and  for  his  wonderful  woiks  towarda  the 
children  of  men," 
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CHAPTER  L 

History  of  the  Invention  of  Telescopes, 


The  telescope  is  an  optical  instrument  for 
Tiewmg  objects  at  a  distance.  Its  name  is 
compounded  of  two  Greek  words,  T'jy?^,£,  which 
signifies  at  a  distance  or  far  off,  and  a%07tsiVi 
to  view  or  to  contemplate.  By  means  of 
telescopes,  remote  objects  are  represented  as 
if  they  were  near,  small  apparent  magnitudes 
are  enlarged,  confused  objects  are  rendered 
distinct,  and  the  invisible  and  obscure  parts 
of  very  distant  scenes  are  rendered  perceptible 
and  clear  to  the  organ  of  vision.  The  tele- 
scope is  justly  considered  as  a  grand  and  no- 
ble instrument.  It  is  not  a  little  surprising 
that  it  should  be  in  the  power  of  man  to  in- 
vent and  construct  an  instrument  by  which 
objects,  too  remote  for  the  unassisted  eye  to 
distinguish,  should  be  brought  within  the 
range  of  distinct  vision,  as  if  they  were  only  a 
few  yards  from  our  eye,  and  that  thousands 
of  august  objects  in  the  heavens,  which  had 
been  concealed  from  mortals  for  numerous 
ages,  should  be  brought  within  the  limits  of 
our  contemplation,  and  be  as  distinctly  per- 
ceived as  if  we  had  been  transported  many 
millions  of  miles  from  the  space  we  occupy 
through  the  celestial  regions.  The  celebrated 
Huygens  remarks,  in  reference  to  this  instru- 
ment, that,  in  his  opinion,  "  the  wit  and  in- 
dustry of  man  has  not  produced  any  thing  so 
noble  and  so  worthy  of  his  faculties  as  this 
sort  of  knowledge  (namely,  of  the  telescope ;) 
insomuch  that  if  any  particular  person  had 
been  so  diligent  and  sagacious  as  to  invent 
this  instrument  from  the  principles  of  nature 
and  geometry,  for  my  part,  I  should  have 
thought  his  abihties  were  more  than  human ; 
but  the  case  is  so  far  from  this,  that  the  most 
learned  men  have  not  yet  been  able  suffi- 
ciently to  explain  the  reason  of  the  effects  of 
this  casual  invention." 

The  persons  who  constructed  the  first  tele- 
scopes, and  the  exact  period  when  they  were 
first  invented,  are  involved  in  some  degree  of 
obscurity.  It  does  not  certainly  appear  that 
such  instruments  were  known  to  the  ancients, 
although  wo>  ought  not  to  be  perfectly  decisive 


on  this  pomt.  The  cabinets  of  the  curious 
contain  some  very  ancient  gems  of  admirable 
workmanship,  the  figures  on  which  are  so 
small  that  they  appear  oeautiful  through  a 
magnifying  glass,  but  altogether  confused  and 
indistinct  to  the  naked  eye ;  and  therefore  it 
may  be  asked,  If  they  cannot  be  viewed,  how 
could  they  be  wrought,  without  the  assistance 
of  glasses'?  And  as  some  of  the  ancients 
have  declared  that  the  moon  has  a  form  like 
that  of  the  earth,  and  has  plains,  hills,  and 
valleys  in  it,  how  could  they  know  this,  un- 
less by  mere  conjecture,  without  the  use  of  a 
telescope  1  And  how  could  they  have  known 
that  the  Milky  Way  is  formed  by  the  com- 
bined rays  of  an  infinite  number  of  stars  ? 
For  Ovid  states,  in  reference  to  this  zone, 
"  its  groundwork  is  of  stars."  But,  whatever 
knowledge  the  ancients  may  have  possessed 
of  the  telescope  or  other  optical  glasses,  it  is 
quite  evident  that  they  never  had  telescopes 
of  such  size  and  power  as  those  which  we 
now  possess,  and  that  no  discoveries  in  the 
heavens,  such  as  are  now  brought  to  light, 
were  made  by  any  of  the  ancient  astronomers, 
otherwise  some  allusions  to  them  must  have 
been  found  in  their  writings. 

Among  the  moderns,  the  illustrious  Friar 
Bacon  appears  to  have  acquired  some  rude 
ideas  respecting  the  construction  of  telescopes. 
"  Lenses  and  specula,"  says  he,  "  may  be  so 
figured  that  one  object  may  be  multiplied  into 
many,  that  those  which  are  situated  at  a  great 
distance  may  be  made  to  appear  very  near, 
that  those  which  are  small  may  be  made  to 
appear  very  large,  and  those  which  are  ob- 
scure veiy  plain ;  and  we  can  make  stars  to 
appear  wherever  we  will."  From  these  ex- 
pressions, it  appears  highly  probable  that  this 
philosopher  was  acquainted  with  the  general 
principle  both  of  telescopes  and  microscopes, 
and  that  he  may  have  constructed  telescopes 
of  small  magnifying  power  for  his  own  obser- 
vation and  amusement,  although  they  never 
came  into  general  use.  He  was  a  man  of 
extensive  learning,  and  made  so  rapid  a  pro- 

(783) 


Hosted  by  Google 


66 


THE  PRACTICAL  ASTRONOMEKo 


gress  in  the  sciences,  when  attending  the 
University  of  Paris,  that  he  was  esteemed 
the  glory  of  that  seat  of  learning.  He  prose- 
cuted his  favourite  study  of  experimental  phi- 
losophy with  unremitting  ardour,  and  in  this 
pursuit,  in  the  course  of  twenty  years,  he  ex- 
pended no  less  than  £2000  in  experiments, 
instruments,  and  in  procuring  scarce  books. 
In  consequence  of  such  extraordinary  talents 
and  such  astonishing  progress  in  the  sciences 
in  that  ignorant  age,  he  was  represented,  by 
the  envy  of  his  illiterate  fraternity,  as  having 
dealings  with  the  devil;  and,  under  this  pre- 
tence, he  was  restrained  from  reading  lectures, 
and  at  length,  in  1278,  when  sixty-four  years 
of  age,  he  was  imprisoned  in  his  cell,  where 
he  remained  in  confinement  for  ten  years. 
He  shone  like  a  single  bright  star  in  a  dark 
hemisphere — the  glory  of  our  country — and 
died  at  Oxford,  in  the  year  1294,  in  the 
eightieth  year  of  his  age.  "Friar  Bacon," 
says  the  Rev.  Mr.  Jones,  "  may  be  considered 
as  the  first  of  English  philosophers ;  his  pro- 
found skill  in  mechanics,  optics,  astronomy, 
and  chemistry  would  make  an  honourable 
figure  in  the  present  age.  But  he  is  entitled 
to  further  praise,  as  he  made  all  his  studies 
subservient  to  theology,  and  directed  all  his 
writings,  as  much  as  could  be,  to  the  glory 
of  God.  He  had  the  highest  regard  for  the 
sacred  Scriptures,  and  was  persuaded  they 
contain  the  principles  of  all  true  science." 

The  next  person  who  is  supposed  to  have 
acquired  a  knowledge  of  telescopes  was 
Joannes  Baptista  Porta,  of  Naples,  who 
flourished  in  the  sixteenth  century.  He  dis- 
covered the  Camera  Obscura,  the  knowledge 
of  which  might  naturally  have  led  to  the  in- 
vention of  the  telescope ;  but  it  does  not  ap- 
pear that  he  ever  constructed  such  an  instru- 
ment. Des  Cartes  considers  James  Metius, 
a  Dutchman,  as  the  first  constructor  of  a  tele- 
scope, and  says  that,  "  as  he  was  amusing 
himself  with  making  mirrors  and  burning- 
glases,  he  casually  thought  of  looking  through 
two  of  his  lenses  at  a  time,  and  found  that 
distant  objects  appeared  very, large  and  dis- 
tinct." Others  say  that  this  great  discovery 
was  first  made  by  John  Lippersheim,  a  maker 
of  spectacles  at  Middleburg,  or,  rather,  by  his 
children,  who  were  diverting  themselves  with 
looking  through  two  glasses  at  a  time,  and 
placing  them  at  different  distances  from  each 
other.  But  Borellus,  who  wrote  a  book  '*  on 
the  invention  of  the  telescope,"  gives  this 
honour  to  ZachariasJansen,  another  spectacle 
maker  in  the  same  town,  who,  he  sa}'s,  made 
the  first  telescope  in  1590.  Jansen  was  a 
diligent  inquirer  into  nature,  and,  being  en- 
gaged in  such  pursuits,  he  was  trying  what 
U3e  could  be  made  of  lenses  for  those  purposes, 
when  he  fortunately  hit  upon  the  construction. 
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Having  found  the  arrangement  of  glasseis 
which  produced  the  effect  .  desired,  he  in- 
closed them  in  a  tube,  and  ran  witli  his  in- 
strument to  Prince  Maurice^  who,  immedi- 
ately conceiving  that  it  might  be  of  use  to 
him  in  his  wars,  desired  the  author  to  keep 
it  a  secret.  Such  are  the  rude  conceptions 
and  selfish  views  of  princely  warriors^  who 
would  apply  every  invention  in  their  power 
for  the  destruction  of  mankind.  But  the 
telescope  was  soon  destined  to  more  noble 
and  honourable  achievements.  Jansen,  it  is 
said,  directed  his  instrument  towards  celestial 
objects,  and  distinctly  saw  the  spots  on  the 
surface  of  the  moon,  and  discovered  many 
new  stars,  particularly  several  pretty  con- 
siderable ones  in  the  Great  Bear.  Plis  son 
Joannes  is  said  to  have  noticed  the  lucid 
circle  near  the  lower  limb  of  the  moon,  now 
named  Tyclio,  from  whence  several  bright 
rays  seemed  to  dart  in  different  directions 
In  viewing  Jupiter,  he  perceived  two,  some- 
times three,  and,  at  the  most,  four  small  stars, 
a  little  above  or  below  him,  and  thought  thai 
they  performed  revolutions  around  liim.  This 
was  probably  the  first  observation  of  the 
satellites  of  Jupiter,  though  the  person  who 
made  it  was  not  aware  of  the  importance  of 
his  discovery.* 

It  is  not  improbable  that  different  persons 
about  Middleburg  hit  upon  the  invention,  in 
different  modes,  about  the  same  time.  Lip- 
persheim seems  to  have  made  his  first  rude 
telescope  by  adjusting  two  glasses  on  a  board, 
and  supporting  them  on  brass  circles.-j- 
Other  workmen,  particularly  Metius  and 
Jansen,  in  emulation  of  each,  other,  seem  to 
have  made  use  of  that  discovery,  and  by  the 
new'  form  they  gave  it,  made  all  the  honour 
of  it  their  own.  One  of  them,  considering 
the  effects  of  light  as  injurious  to  distinctness, 
placed  the  glasses  in  a  tube  blackened  with- 
in. The  other,  still  more  cautious,  placed 
the  same  glasses  within  tubes  capable  of  slid- 
ing one  in  another,  both  to  vary  the  prospects^ 
by  lengthening  the  instrument,  according  to 
the  pleasure  of  the  observer,  and  to  render  it 
portable  and  commodious.  Thus  it  is  pro- 
bable that  different  persons  had  a  share  in  the 
invention,  and  jointly  contributed  to  its  im- 
provement. At  any  rate,  it  is  undoubtedly 
to  the  Dutch  that  we  owe  the  original  inven- 
tion. The  first  telescope  made  by  Jansen  did 
not  exceed  fifteen  or  sixteen  inches  in  lengthj, 


*  Though  Borelhis  mentions  this  circumstance, 
yet  there  is  some  reason  to  doubt  the  accuracy 
of  this  statement,  as  young  Jansen  appears  to 
have  been  at  that  period  not  more  than  six  years 
old  ;  so  that  it  is  more  probabh;  that  Galileo  was 
the  fii'st  discoverer  of  .Jupiter's  satellites. 

t  The  reader  may  see  an  engraving  of  this  in 
strument  in  the  author's  w^ork  entitled  *'  The  /«& 
provement  of  Society.^' 
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and  therefore  its  magnifying  power  could  not 
have  been  very  great. 

The  famous  Galileo  has  frequently  been 
supposed  to  have  been  the  inventor  of  the 
telescope,  but  he  acknowledges  that  he  had 
not  the  honour  of  being  the  original  inventor, 
having  first  learned  from  a  German  that  such 
an  instrument  had  already  been  made ;  al- 
hough,  from  his  own  account,  it  appears  that 
k^e  had  actually  reinvented  this  instrument. 
The  following  is  the  account,  in  his  own 
words,  of  the  circumstances  which  led  him  to 
construct  a  telescope :  "  Nearly  ten  months 
ago  (namely,  in  April  or  May,  1609,)  it  was 
reported  that  a  certain  Dutchman  had  made 
a  perspective  through  which  many  distant  ob- 
jects appeared  distinct  as  if  they  were  near. 
Several  effects  of  this  wonderful  instrument 
were  reported,  which  some  believed  and 
others  denied ;  but,  having  it  confirmed  to  me 
a  few  days  after  by  a  letter  from  the  noble 
John  Badoverie,  at  Paris,  I  applied  myself  to 
consider  the  reason  of  it,  and  by  what  means 
I  might  contrive  a  similar  instrument,  which 
I  afterward  attained  to  by  the  doctrine  of  re- 
fractions. And,  first,  I  prepared  a  leaden 
tube,  to  whose  extremities  I  fitted  two  spec- 
tacle-glasses, both  of  them  plane  on  one  side, 
and  on  the  other  side  one  of  them  was  spheri- 
cally convex,  and  the  other  concave.  Then 
applying  my  eye  to  the  concave,  I  saw  ob- 
jects appear  pretty  large  and  pretty  near  me. 
They  appeared  three  times  nearer  and  nine 
times  larger  in  surface  than  to  the  naked  eye ; 
and  soon  after  I  made  another,  which  repre- 
sented objects  about  sixty  times  larger,  and 
eight  times  nearer;  and  at  last, having  spared 
no  labour  or  expense,  I  made  an  instrument 
so  excellent  as  to  show  things  almost  a  thou- 
sand times  larger,  and  above  thirty  times 
nearer,  than  to  the  naked  eye."  In  another 
part  of  his  writings,  Galileo  informs  us  that 
<'  he  was  at  Venice  when  he  heard  of  Prince 
Maurice's  instrument,  but  nothing  of  its  con- 
struction ;  that  the  first  night  after  he  returned 
to  Padua  he  solved  the  problem,  and  made 
his  instrument  the  next  day,  and  soon  after 
presented  it  to  the  doge  at  Venice,  who,  to  do 
him  honour  for  his  grand  invention,  gave  him 
the  ducal  letters  which  settled  him  for  life  in 
his  lectureship  at  Padua;  and  the  Republic, 
on  the  25th  of  August,  in  the  same  year 
(1610,)  more  than  tripled  his  salary  as  pro- 
fessor." 

The  following  is  the  account  which  this 
philosopher  gives  of  the  process  of  reasoning 
which  led  him  to  the  construction  of  a  tele- 
scope :  "  I  argued  in  the  following  manner : 
The  contrivance  consists  either  of  one  glass 
or  more :  one  is  not  sufficient,  since  it  must 
be  either  convex,  concave,  or  plane  ;  the  last 
does  not  produce  any  sensible  alteration  in 
99 


objects,  the  cancave  diminishes  them ;  it  ia 
true  that  the  convex  magnifies,  but  it  renders 
them  confused  and  indistinct,  consequently, 
one  glass  is  insufficient  to  produce  the  desired 
effect.  Proceeding  to  consider  two  glasses, 
and  bearing  in  mind  that  the  plane  glass 
causes  no  change,  I  determined  that  the  in- 
strument could  not  consist  of  the  combination 
of  a  plane  glass  with  either  of  the  other  two. 
I  therefore  applied  myself  to  make  experi- 
ments on  combinations  of  the  two  other  kinds, 
and  thus  obtained  that  of  which  I  was  in 
search."  If  the  true  inventor  is  the  person 
who  makes  the  discovery  by  reasoning  and 
reflection,  by  tracing  facts  and  principles  to 
their  consequences,  and  by  applying  his  in- 
vention to  important  purposes,  then  Galileo 
may  be  considered  as  the  real  inventor  of  the 
telescope.  No  sooner  had  he  constructed 
this  instrument— before  he  had  seen  any  simi.- 
lar  one — than  he  directed  his  tube  to  the 
celestial  regions,  and  his  unwearied  diligence 
and  ardour  were  soon  rewarded  by  a  series 
of  new  and  splendid  discoveries.  He  descried 
the  four  satellites  of  Jupiter,  and  marked  the 
periods  of  their  revolutions;  he  discovered 
the  phases  of  Venus,  and  thus  was  enabled 
to  adduce  a  new  proof  of  the  Corpernican 
system,  and  to  remove  an  objection  that  had 
been  brought  against  it.  He  traced  on  the 
lunar  orb  a  resemblance  to  the  structure  of 
the  earth,  and  plainly  perceived  the  outlines 
of  mountains  and  vales,  casting  their  shadows 
over  different  parts  of  its  surface.  He  ob- 
served that,  when  Mars  was  in  quadrature, 
his  figure  varied  shghtly  from  a  perfect  circle, 
and  that  Saturn  consisted  of  a  triple  body, 
having  a  small  globe  on  each  side,  which  de- 
ception was  owing  to  the  imperfect  power  of 
his  telescope,  which  was  insufficient  to  show 
him  that  the  phenomenon  was  in  reality  a 
ring.  In  viewing  the  sun,  he  discovered 
large  dark  spots  on  the  surface  of  that  lumi- 
nary, by  which  he  ascertained  that  that 
mighty  orb  performed  a  revolution  round  its 
axis.  He  brought  to  view  multitudes  of  stars 
imperceptible  to  the  naked  eye,  and  ascer- 
tained that  those  nebulous  appearances  in  the 
heavens  which  constitute  the  Milky  Way 
consist  of  a  vast  collection  of  minute  starsi 
too  closely  compacted  together  to  produce  an 
impression  on  our  unassisted  vision. 

The  results  of  Galileo's  observations  were 
given  to  the  world  in  a  small  work,  entitled 
"  Nuncius  Side7'eus"  or,  " News  from  the 
Starry  Regions,"  which  produced  an  extraor- 
dinary sensation  among  the  learned.  These 
discoveries  soon  spread  throughout  Europe, 
and  were  incessantly  talked  of,  and  were  the 
cause  of  much  speculation  and  debate  among 
the  circles  of  philosophers.  Many  doubted ; 
many  positively  refused  to  believe  so  novel 
3  u  2  (785) 
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and  unlooked-for  announcements,  because  they 
ran  counter  to  the  philosophy  of  Aristotle,  and 
all  the  preconceived  notions  which  then  pre- 
railed  in  the  learned  world.  It  is  curious,  and 
may  be  instructive,  to  consider  to  what  a 
length  of  absurdity  ignorance  and  prejudice 
carried  many  of  those  who  made  pretensions 
to  learning  and  science.  Some  tried  to  rea- 
son against  the  facts  alleged  to  be  discovered ; 
others  contented  themselves,  and  endeavoured 
to  satisfy  others  wath  the  simple  asse7iion  that 
such  things  were  not,  and  could  not  possibly 
be ;  and  the  manner  in  which  they  supported 
themselves  in  their  incredulity  was  truly 
ridiculous.  "  O  my  dear  Kepler,"  says  Ga- 
lileo, in  a  letter  to  that  astronomer,  '*  how  I 
wish  we  could  have  one  hearty  laugh  to- 
gether. Here  at  Padua  is  the  principal  pro- 
fessor of  philosophy,  whom  I  have  repeatedly 
and  urgently  requested  to  look  at  the  moon 
and  planets  through  my  glass,  which  Jte  pejii- 
naciously  refuses  to  do,  lest  his  opinions 
should  be  overturned.  Why  are  you  not  here  1 
what  shouts  o^  laughter  we  should  have  at  this 
glorious  folly !  and  to  hear  the  professor  of 
philosophy  at  Pisa  labouring  with  the  Grand- 
duke  with  logical  arguments,  as  if  with  magi- 
cal incantations  to  charm  the  new  planets  out 
of  the  sky."  Another  opponent  of  Galileo, 
one  Christmann,  says,  in  a  book  he  published, 
*'  We  are  not  to  think  that  Jupiter  has  four 
satellites  given  him  by  nature,  in  order,  by  re- 
volving round  him,  to  immortalize  the  Medici 
who  first  had  notice  of  the  observation.  These 
are  the  dreams  of  idle  men,  who  love  ludicrous 
ideas  better  than  our  laborious  and  industrious 
correction  of  the  heavens.  Nature  abhors  so 
horrible  a  chaos,  and  to  the  truly  wise  such 
vanity  is  detestable,"  One  Martin  Horky,  a 
would-be  philosopher,  declared  to  Kepler,  "I 
will  never-  concede  his  four  new  planets  to 
that  Italian  from  Padua,  though  I  should  die 
for  it  ,-^^  and  he  followed  up  this  declaration 
by  publishing  a  book  against  Galileo,  in  which 
he  examines  four  principal  questions  respect- 
ing the  alleged  planets:  1.  Whether  they 
exist  ]  2.  What  they  are  ]  3.  What  they 
are  likel  4.  Why  they  are?  The  first 
question  is  soon  disposed  of  by  declaring  posi- 
tively that  he  has  examined  the  heavens  with 
Galileo's  own  glass,  and  that  no  such  thing  as 
a  satellite  about  Jupiter  exists.  To  the  second, 
he  declares  solemnly  that  he  does  not  more 
surely  know  that  he  has  a  soul  in  his  body 
than  that  reflected  rays  are  the  sole  cause 
of  Galileo's  erroneous  observations.  In  re- 
gard to  the  third  question,  he  says  that  these 
iplanets  are  like  the  smallest  fly  compared  to 
an  elephant;  and  finally  concludes,  on  the 
fourth,  that  the  only  use  of  them  is  to  gratify 
^Galileo's  "thirst  of  gold,"  and  to  afford  him- 
.self^a  subject  of  discussion.  Kepler,  in  a  letter 


to  Galileo,  when  alluding  to  Horky,  mjs^ 
"  He  begged  so  hard  to  be  foi  given,  thati  haY@ 
taken  him  again  into  favour  upon  this  pre- 
liminary condition,  that  I  am  to  show  him 
Jupiter's  satellites,  and  he  is  to  see  them^ 
and  own  that  they  are  there." 

The  following  is  a  specimen  of  the  reasim- 
ing  of  certain  pretended  philosophers  of  that 
age  against  the  discoveries  of  Galileo :  Sizzi, 
a  Florentine  astronomer,  reasons  in  this  strain  : 
"  There  are  seven  winddws  given  to  animals 
in  the  domicil  of  the  head,  through  which  the 
air  is  admitted  to  the  rest  of  the  tabernacle  of 
the  body,  to  enlighten,  to  warm,  and  to  nourish 
it;  two  nostrils,  two  eyes,  two  ears,  and  a 
mouth  ;  so  in  the  heavens,  or  the  great  world, 
there  are  two  favourable  stars,  two  unpropi- 
tious,  two  luminaries,  and  Mercury  alone  un- 
decided and  indifferent.  From  which,  and 
many  other  similar  phenomena  in  nature, 
such  as  the  seven  metals,  &c.,  we  gather  that 
the  number  of  planets  is  necessarily  seven. 
Moreover,  the  satellites  are  invisible  to  the 
naked  eye,  and  therefore  can  exert  no  influ 
ence  on  the  earth,  and  therefore  would  be  use- 
less, and  therefore  do  not  exist.  Besides,  as 
well  the  Jews  as  other  ancient  nations  have 
adopted  the  division  of  the  week  into  seven 
days,  and  have  named  them  from  the  seven 
planets.  Now,  if  we  increase  the  number  of 
the  planets,  this  whole  system  falls  to  the 
ground."  The  opinions  which  then  prevailed 
in  regard  to  Galileo's  observations  on  the 
moon  were  such  as  the  following :  Some 
thought  that  the  dark  shades  on  the  moon's 
surface  arose  from  the  interposition  of  opaque 
bodies  floating  between  her  and  the  sun,  which 
prevent  his  light  from  reaching  those  parts ; 
others  imagined  that,  'on  account  of  her  vi- 
cinity to  the  earth,  she  was  partly  tainted  with 
the  imperfections  of  our  terrestrial  and  ele- 
mentary nature,  and  was  not  of  that  entirely 
pure  and  refined  substance  of  which  the  more 
remote  heavens  consist;  and  a  third  party 
looked  on  her  as  a  vast  mirror,  and  maintained 
that  the  dark  parts  of  her  surface  were  the  re- 
flected images  of  our  earthly  forests  and  moun- 
tains. 

Such  learned  nonsense  is  a  disgrace  to  our 
species,  and  to  the  rational  faculties  with  which 
man  is  endowed,  and  exhibits,  in  a  most  lu- 
dicrous manner,  the  imbecility  and  prejudice 
of  those  who  made  bold  pretensions  to  erudi- 
tion and  philosophy.  The  statement  of  such 
facts,  however,  may  be  instructive,  if  they  tend 
to  guard  us  against  those  prejudices  and  pre- 
conceived opinions  which  prevent  the  mind 
from  the  cordial  reception  of  truth,  and  from 
the  admission  of  improvements  in  society 
which  run  counter  to  long-established  cus- 
toms. For  the  same  principles  and  prejudices, 
though  in  a  different  form,  still  operate  in 
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eociety  and  retard  the  improvement  of  the 
social  SLate,  the  march  of  science,  and  the  pro- 
gress of  Christianity.  How  ridiculous  is  it 
for  a  man  caUing  himself  a  philosopher  to  be 
afraid  to  look  through  a  glass  to  an  existing 
object  in  the  heavens,  lest  it  should  endanger 
his  previous  opinions !  And  how  foolish  is  it 
to  resist  any  improvement  or  reformation  in 
society  because  it  does  not  exactly  accord  with 
existing  opinions  and  with  "the  wisdom  of 
jur  ancestors  !" 

It  is  not  a  little  surprising  that  Galileo 
should  have  first  hit  on  tliat  construction  of  a 
telescope  which  goes  by  his  name,  and  which 
was  formed  with  a  concave  glass  next  the  eye. 
This  construction  of  a  telescope  is  more  diffi- 
cult to  be  understood  in  theory  than  one 
which  is  composed  solely  of  convex  glasses; 
and  its  field  of  view  is  comparatively  very 
small,  so  that  it  is  almost  useless  when  at- 
tempted to  be  made  of  a  great  length.  In  the 
present  day,  we  cannot  help  wondering  that 
Gahleo  and  other  astronomers  should  have 
made  such  discoveries  as  they  did  with  such 
an  instrument,  the  use  of  which  must  have 
required  a  great  degree  of  patience  and  ad- 
dress. Galileo's  best  telescope,  which  he  con- 
structetl  "  with  great  trouble  and  expense," 
magnified  the  diameters  of  objects  only  thirty- 
three  times ;  but  its  length  is  not  stated,  which 
would  depend  upon  the  focal  distance  of  the 
concave  eyeglass.  If  the  eyeglass  was  two 
inches  focus,  the  length  of  the  instrument 
would  be  five  feet  four  inches ;  if  it  was  only 
one  inch,  the  length  would  be  two  feet  eight 
inches,  which  is  the  least  we  can  allow  to  it 
■ — the  object-glass  being  thirty-three  inches 
focus,  and  the  eyeglass  placed  an  inch  within 
this  focus.  With  this  telescope  Galileo  dis- 
covered the  satellites  of  Jupiter,  the  crescent 
of  Venus,  and  the  other  celestial  objects  to 
which  we  have  alluded.  The  telescopes 
made  in  Holland  are  supposed  to  have  been 
constructed  solely  of  convex  glasses,  on  the 
principle  of  the  astronomical  telescope ;  and  if 
so,G£dileo's  telescope  was  in  reality  a  new  in- 
vention. 

Certain  other  claimants  of  the  invention  of 
the  telescope  have  appeared,  besides  those 
already  mentioned.  Francis  Fontana,  in  his 
"  Celestial  Observations,"  says  that  he  was  as- 
sured by  a  Mr.  Hardy,  advocate  of  the  Parlia- 
ment of  Paris,  a  person  of  great  learning  and 
undoubted  integrity,  that,  on  the  death  of  his 
father,  there  was  found  among  his  things  an 
old  tube  by  which  distant  objects  were  dis- 


tinctly seen,  and  that  it  was  of  a  date  long 
prior  to  the  telescope  lately  invented,  and  had 
been  kept  by  him  as  a  secret.  Mr.  Leonard 
Digges,  a  gentleman^ho  lived  near  Bristol  in 
the  seventeenth  century,  and  was  possessed  of 
great  and  various  knowledge,  positively  asserts 
in  his  "  Sfratoticos,''^  and  in  another  work, 
that  his  father,  a  military  gentleman,  had  an 
instrument  which  he  used  in  the  field,  by 
which  he  could  bring  distant  objects  near,  and 
could  know  a  man  at  the  distance  of  three 
miles.  Mr.  Thomas  Digges,  in  the  preface  to 
his  "  Pantometria,"  published  in  1591,  de- 
clares, "  My  father,  by  his  continual  painful 
practices,  assisted  by  demonstrations  mathe- 
matical, was  able,  and  sundry  limes  hath,  by 
proportional  glasses,  duly  situate  in  conve- 
nient angles,  not  only  discovered  things  far 
off,  read  letters,  numbered  pieces  of  money, 
with  the  very  coin  and  superscription  thereof, 
cast  by  some  of  his  friends  of  purpose,  upon 
downs  in  open  fields,  but  also,  seven  miles  off, 
declared  what  hath  been  done  that  instant  in 
private  places.  He  hath  also,  sundry  times, 
by  the  sunbeams,  fired  powder  and  discharged 
ordnance  half  a  mile  and  more  distant,  and 
many  other  matters  far  more  strange  and  rare,  of 
which  there  are  yet  living  divers  witnesses." 

It  is  by  no  means  unlikely  that  persons 
accustomed  to  reflection,  and  imbued  with  a 
certain  degree  of  curiosity,  when  handling 
spectacle  glasses,  and  amusing  themselves 
with  their  magnifying  powers  and  other  pro- 
perties, might  sometimes  hit  upon  the  con- 
struction of  a  telescope,  as  it  only  requires 
two  lenses  of  diiferent  focal  distances  to  bo 
held  at  a  certain  distance  from  each  other,  in 
order  to  show  distant  objects  magnified.  Nay, 
even  one  lens,  of  a  long  focal  distance,  is  suf- 
ficient to  constitute  a  telescope  of  a  moderate 
magnifying  power,  as  I  shall  show  in  the  se- 
quel. But  such  instruments,  vv^hen  they  hap- 
pen to  be  constructed  accidentally,  appear  to 
have  been  kept  as  secrets,  and  confined  to  the 
cabinets  of  the  curious,  so  that  they  never 
came  into  general  use ;  and  as  their  magnifying 
power  would  probably  be  comparatively  small, 
the  appearance  of  the  heavenly  bodies  would 
not  be  much  enlarged  by  such  instruments, 
nor  is  it  likely  that  they  would  be  often  di- 
rected to  the  heavens.  On  the  whole,  there- 
fore, we  may  conclude  that  the  period  when 
instruments  of  this  description  came  into  ge- 
neral use,  and  were  applied  to  useful  pur- 
poses, was  when  Galileo  constmcted  his  first 
telescopes, 

(787) 


Hosted  by  Google 


70 


THE  PRACTICAL  ASTRONOMER. 


CHAPTER  IL 


Of  the  Camera  Ohscura, 


Bepobe  yiroceeJing  to  a  particular  descrip- 
tion of  the  diiferent  kinds  of  telescopes,  I  shall 
first  give  a  brief  description  of  the  camera  ob- 
scura,  as  the  phenomena  exhibited  by  this 
instrument  tend  to  illustrate  the  principle  of  a 
refi'acting  telescope. 

The  terra  cam.era  ohscura  literally  signifies 
a  darkened  vault  or  roof,  and  hence  it  came 
to  denote  a  chamber,  or  box,  or  any  other 
place  made  dark  for  the  purpose  of  optical 
experiments.  The  camera  ohscura,  though  a 
simple,  is  yet  a  very  curious  and  noble  con- 
trivance, as  it  naturally  and  clearly  explains 
the  manner  in  which  vision  is  performed,  and 
the  principle  of  the  telescope,  and  entertains 
the  spectator  with  a  most  exquisite  picture  of 
surrounding  objects,  painted  in  the  most  ac- 
curate proportions  and  colours  by  the  hand 
of  nature.  The  manner  of  exhibiting  the 
pictures  of  objects  in  a  dark  room  is  as  fol- 
lows: In  one  of  the  window-shutters  of  a 
room  which  commands  a  good  prospect  of  ob- 
jects not  very  distant,  a  circular  hole  should 
be  cut  of  four  or  five  inches  diameter.  In 
this  hole  an  instrument  should  be  placed  called 
a  scioptric  ball,  which  has  three  parts,  a  frame, 
a  ball,  and  a  lens.  The  ball  has  a  circular 
hole  cut  through  the  middle,  in  which  the 
lens  is  fixed,  and  its  use  is  to  turn  every  way, 
so  as  to  take  in  a  view  of  objects  on  every 
side.  The  chamber  should  be  made  perfectly 
dark,  and  a  white  screen,  or  a  large  sheet  of 
elephant  paper,  should  be  placed  opposite  to 
the  lens,  and  in  its  focus,  to  receive  the  image. 
If,  then,  the  objects  without  be  strongly  en- 
lightened by  the  sun,  there  will  be  a  beautiful 
living  picture  of  the  scene  delineated  on  the 
white  screen,  where  every  object  is  beheld  in 
its  proportions,  and  with  its  colours  even  more 
vivid  than  life.  Green  objects  appear  in  the 
picture  more  intensely  green ;  and  yellow, 
blue,  red,  or  white  flowers  appear  much  more 
beautiful  in  the  picture  than  in  nature.  If 
the  lens  be  a  good  one,  and  the  room  perfectly 
dark,  the  perspective  is  seen  in  perfection. 
The  lights  and  shadows  are  not  only  perfectly 
just,  but  also  greatly  heightened  ; ,  and,  what 
is  peculiar  to  this  delineation,  and  which  no 
other  picture  or  painting  can  exhibit,  the  mo- 
ti-mis  of  all  the  objects  are  exactly  expressed 
in  the  picture ;  the  boughs  of  the  trees  wave, 
the  leaves  quiver,  the  smoke  ascends  in  a 
waving  form,  the  people  walk,  the  children  at 
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their  sports  leap  luiS.  run,  the  horee  and 
cart  move  along,  the  ships  sail,  the  clouds  soar 
and  shift  their  aspects,  and  all  as  natural  as 
in  the  real  objects ;  the  motions  being  some- 
what quicker,  as  they  are  performed  in  a  more 
contracted  scene. 

These  are  the  inimitahle  perfections  of  a 
picture  drawn  by  the  rays  of  light  as  the  only 
pencil  in  nature's  hand,  and  which  are  finished 
in  a  moment ;  for  no  sensible  interval  elapses 
before  the  painting  is  completed,  when  the 
ground  on  which  it  is  painted  is  prepared  and 
adjusted.  In  comparison  of  such  a  picture, 
the  finest  productions  of  the  most  celebrated 
artists,  the  proportions  of  Raphael,  the  natural 
tints  and  colouring  of  Titian,  and  the  sha- 
dowing of  the  Venetians,  are  but  coarse  and 
sorry  daubing,  when  set  in  competition  with 
what  nature  can  exhibit  by  the  rays  of  light 
passing  through  a  single  lens.  The  camera 
obscura  is  at  the  same  time  the  painter's  as- 
sistant anu  the  painter's  reproach.  From  the 
picture  it  forms  he  receives  his  best  instruc- 
tions, and  he  is  shown  what  he  should  en- 
deavour to  attain ;  and  hence,  too,  he  learns 
the  imperfections  of  his  art,  and  what  it  is  im- 
possible for  him  to  imitate.  As  a  proof  of 
this,  the  picture  formed  in  the  dark  chamber 
will  bear  to  be  magnified  to  a  great  extent, 
without  defacing  its  beauty  or  injuring  the 
fineness  of  its  parts ;  but  the  finest  painted 
landscape,  if  viewed  through  a  high  magnifier, 
will  appear  only  as  a  coarse  daubing. 

The  following  scheme  will  illustrate  what 

Fig.  37. 
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has   been   now   stated   respecting   the   dark 
chamber :  E  F  rep^.sents  a  darkened    com, 
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m  the  side  of  which,  I K,  is  made  the  circular 
hole  F,  in  which,  on  the  inside,  is  fixed  the 
scioptric  ball.  At  some  considerable  distance 
from  this  hole  is  exhibited  a  landscape  of 
houses,  trees,  and  other  objects.  A  B  C  D, 
which  are  opposite  to  the  window.  The  rays 
which  flow  from  the  different  objects  which 
compose  this  landscape  to  the  lens  at  F,  and 
which  pass  through  it,  are  converged  to  their 
respective  foci  on  the  opposite  wall  of  the 
chamber,  H  G,  or  on  a  w^hite  movable  screen 
placed  in  the  focus  of  the  lens,  where  they 
all  combine  to  paint  a  lively  and  beautiful  pic- 
ture of  the  range  of  objects  directly  opposite, 
and  on  each  side,  so  far  as  the  lens  can  take  in. 
Though  I  have  said  that  a  scioptric  ball 
and  socket  are  expedient  to  be  used  in  the 
above  experiment,  yet,  where  such  an  instru- 
ment is  not  at  hand,  the  lens  may  be  placed 
in  a  short  tube,  made  of  pasteboard  or  any 
other  material,  and  fixed  in  the  hole  made  in 
the  window-shutter.  The  only  imperfection 
attending  this  method  is,  that  the  lens  can 
exhibit  those  objects  only  which  lie  directly 
opposite  the  window. 

Some  may  be  disposed  to  consider  it  as  an 
imperfection  in  this  picture,  that  all  these  ob- 
jects appear  in  an  inverted  position ;  as  they 
must  necessarily  do,  according  to  what  we 
formerly  stated  respecting  the  properties  of 
convex  lenses  (p.  33.)  There  are,  however, 
different  modes  of  viewing  the  picture  as  if 
it  were  erect ;  for  if  we  stand  before  the  pic- 
ture, and  hold  a  common  mirror  against  our 
breast  at  an  acute  angle  with  the  picture,  and 
look  down  upon  it,  we  shall  see  all  the  images 
of  the  objects  as  if  restored  to  their  erect  po- 
sition ;  and  by  the  reflection  of  the  mirror, 
the  picture  will  receive  such  a  lustre  as  will 
make  it  still  more  delightful.  Or,  if  a  large 
concave  mirror  were  placed  before  the  picture 
at  such  a  distance  that  its  image  may  appear 
before  the  mirror,  it  will  then  appear  erect 
and  pendulous  in  the  air  in  the  front  of  the 
mirror.  Or,  if  the  image  be  received  on  a 
frame  of  paper,  we  may  stand  behind  the 
frame,  with  our  face  tov^ards  the  window,  and 
look  down  upon  the  objects,  when  they  will 
appear  as  if  erect. 

The  experiment  of  the  camera  obscura  may 
serve  to  explain  and  illustrate  the  nature  of  a 
common  refracting  telescope.  Let  us  sup- 
pose that  the  lens  in  the  window-shutter  re- 
presents the  object-glass  of  a  refracting  tele- 
scope. This  glass  forms  an  image  in  its  focus, 
which  is  in  every  respect  an  exact  picture  or 
representation  of  the  objects  before  it ;  and 
consequently  the  same  idea  is  formed  in  the 
mind  of  the  nature,  form,  magnitude,  and 
colour  of  the  object,  whether  the  e3'^e  at  the 
centre  of  the  glass  views  the  object  itself,  or 
the  imago  forned  in  its  focus;  for,  as  formerly 


stated,  the  object  and  its  image  are  both  seen 
under  the  same  angles  by  the  eye  placed  at 
the  centre  of  the  lens.     Without   such    an 
image  as  is  formed  in  the  camera  obscura' — 
depicted  either  in  the  tube  of  a  telescope  or 
in  the  eye  itself — no  telescope  could  possibly 
be  formed.     If  we  now  suppose  that,  behind 
the  image  formed  in  the  dark  chamber,  we 
apply  a  convex  lens  of  a  short  focal  distance 
to  view  that  image,  then  the  image  will  be 
seen  distinctly,  in  the  same  manner  as  we  view 
common  objects,  such  as  a  leaf  or  a  flower, 
with   a  magnifying  glass;  consequently,  the 
object    itself  will  be  seen  distinct  and  mag- 
nified ;  and  as  the  same  image  is  nearer  to 
one  lens  than  the  other,  it  will    subtend  a 
larger  angle  at  the  nearest  lens,  and,  of  course, 
will  appear  larger  than  through  the  other,  and 
consequently  the  object  will  be  seen  magnified 
in  proportion.     For  example,  let  us  suppose 
the  lens  in  the  camera  obscura,  or  the  object- 
lens  of  a  telescope,  to  be    five  feet,  or   sixty 
inches  focal  distance :  at  this  distance  from 
the  glass  an  image  of  the  distant  objects  op- 
posite to  it  will  be  formed.     If,  now,  we  place 
a  small  lens  two  inches  focal  distance  beyond 
this  point,  or  five  feet  two  inches  from  the  ob- 
ject-glass, the  objects,  when  viewed  through 
the  small  lens,  will  appear  considerably  mag- 
nified, and  apparently  much   nearer  than  to 
the  naked  eye.     The  degree  of  magnifying 
power  is  in  proportion  to  the  focal  distances 
of  the   two  glasses ;  that   is,  in  the  present 
case,  in  the  proportion  of   two   inches,   the 
focus  of  the   small  lens,  to  sixty  inches,  the 
focus  of  the    object   lens.     Divide    sixty  by 
two,  the  quotient  is  thirty,  which   gives  the 
magnifying  power  of  such  a  telescope ;  that 
is,  it  represents  objects  thirty  times  nearer,  or 
under  an  angle  thirty  times  larger  than  to  the 
naked  eye.     If  the  eyeglass,  instead  of  being 
two  inches,  were   only  one  and  a  half  inch 
focus,  the  magnifying  power  would  be  in  the 
proportion  of  one  and  a  half  to  sixty,  or  forty 
times.      If  the    eyeglass  were    three   inches 
focus,  the  magnifying  power  would  be  twenty- 
times  ;  and    so  on  with  regard  to  other  pro- 
portions.    In  all  cases,  where  a  telescope  is 
composed  of  only  two  convex  lenses,  the  mag- 
nifying power  is  determined  by  dividing  the 
focal  distance  of  the  object-glass  by  the  focal 
distance  of  the  eyeglass,  and  the  quotient  ex- 
presses  the   number  of  times   the  object   is 
magnified  in  length  and  breadth.     This  and 
various  other  particulars  will  be  more  fully 
illustrated  in  the  sequel. 

In  performing  experiments  with  the  camera 
obscura  in  a  darkened  chamber,  it  is  requisite 
that  the  following  particulars  be  attended  to : 
1.  That  the  lens  be  well  figured,  and  free 
from  any  veins  or  blemishes  that  might  dis- 
tort the  picture.  2.  That  it  be  placed  directly 
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against  the  object  whose  image  v/e  wish  to 
see  distinctly  delineated.  3.  The  lens  should 
be  of  a  proper  size,  both  as  to  its  breadth  and 
focal  distance.  It  should  not  be  less  than 
three  or  four  feet  focal  distance,  otherwise  the 
picture  will  be  too  small,  and  the  parts  of  ob- 
jects too  minute  to  be  distinctly  perceived ; 
nor  should  it  exceed  fifteen  or  eighteen  feet, 
as  in  this  case  the  picture  will  be  faint,  and 
of  course  not  so  pleasing.  The  best  medium 
as  to  focal  distance  is  from  five  to  eight  or  ten 
feet.  The  aperture,  too,  or  breadth  of  the 
glass,  should  not  be  too  small,  otherwise  the 
image  will  be  obscure,  and  the  minute  parts 
invisible  for  want  of  a  suflicient  quantity  of 
light.  A  lens  of  six  feet  focal  distance,  for 
example,  will  require  an  aperture  of  at  least 
two  inches.  Lenses  of  a  shorter  focal  dis- 
tance require  less  apertures,  and  those  of  a. 
longer  focal  distance  larger.  But  if  the  aper- 
ture be  too  large,  the  image  will  be  confused 
and  indistinct,  by  the  admission  of  too  much 
light.  4.  We  should  never  attempt  to  exhi- 
bit the  images  of  objects,  unless  when  the  sun 
is  shining  and  strongly  illuminating  the  ob- 
jects, except  in  the  case  of  very  near  objects 
placed  in  a  good  light.  As  one  of  the  greatest 
beauties  in  the  phenomena  of  the  dark  cham- 
ber consists  in  the  exquisite  appearance  and 
contrast  of  light  and  shadows,  nothing  of  this 
kind  can  be  perceived  but  from  objects  directly 
illuminated  by  the  sun.  5.  A  south  window 
should  never  be  used  in  the  forenoon,  as  the 
sun  cannot  then  enlighten  the  north  side  of 
an  object ;  and,  besides,  his  rays  would  be  apt 
to  shine  upon  the  lens,  which  would  make 
the  picture  appear  with  a  confused  lustre. 
An  east  window  is  best  in  the  afternoon,  and 
a  western  in  the  morning ;  but  a  north  win- 
dow is  in  most  cases  to  be  preferred,  espe- 
cially in  the  forenoon,  when  the  sun  is  shining 
with  his  greatest  strength  and  splendour.  In 
general,  that  window  ought  to  be  used  which 
looks  to  the  quarter  opposite  to  that  in  which 
the  sun  is  shining. 

The  picture  should  be  received  upon  a  veiy 
white  surface,  as  the  finest  and  whitest  paper, 
or  a  painted  cloth,  bordered  with  black ;  as 
white  bodies  reflect  most  copiously  the  incum- 
bent rays,  while  black  surfaces  absorb  them. 
If  the  screen  could  be  bent  into  the  concave 
segment  of  a  sphere,  of  which  the  focal  dis- 
tance of  the  double  convex  lens  which  is  used 
is  the  radius,  the  parts  of  the  picture  adjacent 
to  the  extremities  would  appear  most  distinct. 
Sir  D.  Brewster  informs  us  that,  having  tried 
a  number  of  white  substances  of  different  de- 
grees of  smoothness,  and  several  metallic  sur- 
faces on  which  to  receive  the  image,  he  hap- 
pened to  receive  the  picture  on  the  silvered 
back  of  a  looking-glass,  and  was  surprised  at 
the  brilliancy  and  distinctness  with  which  ex- 
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ternal  objects  were  represented.  To  remore 
the  spherical  protuberances  of  the  tin  foil,  he 
ground  the  surface  very  carefully  with  a  bed 
of  hones  which  he  had  used  for  working  the 
plane  specula  of  Newtonian  telescopes.  By 
this  operation,  which  may  be  performed  with- 
out injuring  the  other  side  of  the  mirror,  he 
obtained  a  surface  finely  adapted  for  the  recep- 
tion of  images.  The  minute  parts  of  the 
landscape  were  formed  with  so  much  pi;eci- 
sion,  and  the  brilliancy  of  colouring  was  so 
uncommonly  fine,  as  to  equal,  if  not  exceed, 
the  images  that  are  formed  in  the  air  by  means 
of  concave  specula. 

The  following  additional  circumstances  may 
be  stated  respecting  the  phenomena  exhibited 
in  the  dark  chamber :  A  more  critical  idea 
may  be  formed  of  any  movement  in  the  pic- 
ture here  presented  than  fi-om  observing  the 
motion  of  the  object  itself.  For  instance,  a 
man  walking  in  a  picture  appears  to  have  an 
undulating  motion,  or  to  rise  up  and  down 
every  step  he  takes,  and  the  hands  seem  to 
move  almost  exactly  hke  a  pendulum;  whereas 
scarcely  any  thing  of  this  kind  is  observed  in 
the  man  himself,  as  viewed  by  the  naked  eye. 
Again,  if  an  object  be  placed  just  twice  the 
focal  distance  from  the  lens  without  the  room, 
the  image  will  be  formed  at  the  same  distance 
from  the  lens  within  the  room,  and,  conse- 
quently, will  be  equal  in  magnitude  to  the  ob- 
ject itself.  The  recognition  of  this  principle 
may  be  of  use  to  those  concerned  in  drawing, 
and  who  may  wish  at  any  time  to  form  a  pic- 
ture of  the  exact  size  of  the  object.  If  the 
object  be  placed  further  from  the  lens  than 
twice  its  focal  length,  the  image  will  be  less 
than  the  object.  If  it  be  placed  nearer,  the 
image  will  be  greater  than  the  life.  In  regard 
to  immovable  objects,  such  as  houses,  gar« 
dens,  trees,  &c.,  we  may  form  the  images  of 
so  many  different  sizes  by  means  of  difierent 
lenses,  the  shorter  focus  making  the  lesser 
picture,  and  the  longer  focal  distance  the 
largest- 

The  experiments  with  the  camera  obscure 
may  likewise  serve  to  illustrate  the  nature  of 
vision  and  the  functions  of  the  human  eye. 
The  frame  or  socket  of  the  scioptric  ball  may 
represent  the  orbit  of  the  natural  eye.  The 
ball,  which  turns  every  way,  resembles  the 
globe  of  the  eye,  movable  in  its  orbit.  The 
hole  in  the  ball  may  represent  the  pupil  of 
the  eye ;  the  convex  lens  corresponds  to  the 
crystalline  humour,  which  is  shaped  like  a 
lens,  and  contributes  to  form  the  images  of 
objects  on  the  inner  part  of  the  eye.  The 
dark  chamber  itself  is  somewhat  similar  to 
the  internal  part  of  the  eye,  which  is  lined 
all  around,  and  under  the  retina,  with  a  mem- 
brane,  over  which  is  spread  a  mucus  of  a  ver^ 
black  colour.     The  white  wall  or  frame  of 
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white  paper  to  receive  the  picture  of  objects 
is  a  fair  representation  of  the  retina  of 
the  eye,  on  which  all  the  images  of  external 
objects  are  depicted.  Such  are  some  of 
the  general  points  of  resemblance  between 
the  apparatus  connected  with  the  dark  cham- 
ber and  the  organ  of  vision ;  but  the  human 
eye  is  an  organ  of  such  exquisite  construction, 
and  composed  of  such  a  number  and  variety 
of  delicate  parts,  that  it  cannot  be  adequately 
represented  by  any  artificial  contrivance. 

The  darkened  chamber  is  frequently  ex- 
hibited in  a  manner  somewhat  different  from 
what  we  have  above  described,  as  in  the 
following  scheme  (fig.  38,)  which  is  termed 

Fig.- 38. 


made  in  one  of  the  sides,  as  at  E,  where  the 
eye  could  be  appHed  to  view  the  picture. 
The  focal  distances  of  the  lenses  used  in 
large  instruments  of  this  kind  are  generally 
from  eight  to  twelve  feet,  in  which  case  they 
produce  a  telescopic  effect  upon  distant  ob- 
jects, so  as  to  make  them  appear  nearer  than 
when  viewed  with  the  naked  eye. 

The  camera  obscura  is  frequently  con- 
structed in  a  portable  form,  so  as  to  be  car- 
ried  about  for  the  purpose  of  delineathig 
landscapes.  The  following  is  a  brief  de- 
scription of  the  instrument  in  this  form ;  A  C 

Fig  39. 


the  revolving  camera  obscura*  In  this  con- 
struction, K  H  represents  a  plane  mirror  or 
metallic  reflector,  placed  at  half  a  right  angle 
to  the  convex  lens  H  I,  by  which  rays  pro- 
ceeding from  objects  situated  in  the  direction 
O  are  reflected  to  the  lens,  which  forms  an 
image  of  the  objects  on  a  round  white  table 
at  T,  around  which  several  spectators  may 
stand  and  view  the  picture  as  delineated  on  a 
horizontal  plane.  The  reflector,  along  with 
its  case,  is  capable  of  being  turned  round  by 
means  of  a  simple  apparatus  connected  with 
It,  so  as  to  take  in,  in  succession,  all  the  ob- 
jects which  compose  the  surrounding  scene. 
But  as  the  image  here  is  received  on  a  flat 
surface,  the  rays,  /  m,  e  n,  will  have  to  di- 
^^erge  further  than  the  central  rays,  d  c ,-  and 
hence  the  representation  of  the  object  near 
the  sides  will  be  somewhat  distorted;  to 
remedy  which,  the  image  should  be  received 
on  a  concave  surface,  as  a  b  or  P  S.  This  is 
the  general  plan  of  those  camera  obscuras, 
fitted  up  in  large  wooden  tents,  which  are 
/requentjy  exhibited  in  our  large  cities,  and 
removed  occasionally  from  one  town  to  an- 
'other.  Were  an  instrument  of  this  kind 
fitted  up  on  a  small  -scale,  a  hole  might  be 


is  a  convex  lens,  placed  near  the  end  of  a 
tube  or  drawer,  which  is  movable  in  the  side 
of  a  square  box,  within  which  is  a  plane 
mirror,  D  E,  reclining  backward  in*an  angle 
of  forty-flve  degrees  from  the  perpendicular, 
p  n.  The  pencils  of  rays  flowing  from  the 
object  0  i?,  and  passing  through  the  convex 
lens,  instead  of  proceeding  forward  and  form- 
ing the  image  U  /,  are  reflected  upward  by 
the  mirror,  and  meet  in  points,  as  F  G,  at  the 
same  distance  at  which  they  would  have  met 
at  H  and  I,  if  they  had  not  been  intercepted 
by  the  mirror.  At  F  G,  the  image  of  the  ob- 
ject 0  B,  is  received  either  on  a  piece  of 
oiled  paper,  or  more  frequently  on  a  plane 
unpolished  glass,  placed  in  the  horizontal 
situation  F  G,  which  receives  the  images  of 
all  objects  opposite  to  the  lens,  and  on  which, 
or  on  an  oiled  paper  placed  upon  it,  their 
outlines  may  be  traced  by  a  pencil.  The 
movable  tube  on  which  the  lens  is  fixed 
serves  to  adjust  the  focus  for  near  and  distant 
objects,  till  their  images  appear  distinctly 
painted  on  the  horizontal  glass  at  F  G.  The 
following  is  the  most  common  form  of  the 
box  of  this  kind  of  camera  obscura.  A  is  the 
position  of  the  lens,  B  C  the  position  of  the 
mirror,  D  the  plane  unpolished  glass  on  which 
the  images  are  depicted,  G  H  a  movable  top 
or  screen  to  prevent  the  light  from  injuring 
the  picture,  and  E  F  the  movable  tube. 

The  Daguerreotype, — An  important  and 
somewhat  surprii>ing  discovery  has  lately  been 
made  in  relation  to  the  picture  formed  by  the 
camera  obscura.  It  is  found  that  the  images 
formed  by  this  instrument  are  capable  of  be- 
ing indelibly  fixed  on  certain  surfaces  pre- 
viously prepared  for  the  purpose,  so  that  the 
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picture    is   rendered   permanent.      When  a 
camera  is  presented  to  any  object  or  landscape 

Fig.  40. 


strongly  illuminated  by  the  sun,  and  the  pre- 
pared ground  for  receiving  the  image  is  ad- 
justed, and  a  certain  time  allowed  to  elapse 
till  the  rays  of  light  produce  their  due  effect, 
in  a  few  minutes,  or  even  seconds,  a  picture 
of  the  objects  opposite  to  the  lens  is  indelibly 
impressed  upon  the  prepared  plate,  in  all  the 
accurate  proportions  and  perspective  which 
distinguish  the  images  formed  in  a  dark 
chamber,  which  representations  may  be  hung 
up  in  apartments,  along  with  other  paintings 
and  engravings,  and  will  likely  retain  their 
beauty  and  lustre  for  many  years.  These 
are  pictures  of  nature's  own  workmanship, 
finished  in  an  extremely  short  space  of  time, 
and  with  the  most  exquisite  delicacy  and  ac- 
curacy. The  effect  is  evidently  owing  to  cer- 
tain chemical  properties  in  the  rays  of  light, 
and  opens  a  new  ileid  for  experiment  and  in- 
vestigation to  the  philosopher.  The  only 
defect  in  the  picture  is,  that  it  is  not  coloured  ; 
but,  in  the  progress  of  experiments,  on  this 
subject,  it  is  not  unlikely  that  even  this  ob- 
ject may  be  accomplished,  in  which  case  we 
should  be  able  to  obtain  the  most  accurate 
landscapes  and  representations  of  all  objects 
which  can  possibly  be  formed.  This  art  or 
discovery  goes  by  the  name  of  the  Baguei-reo- 
type,  from  M.  Daguerre,  a  Frenchman,  who 
is  supposed  to  have  been  the  first  discoverer, 
and  who  received  a  large  premium  from  the 
French  government  for  disclosing  the  process, 
and  making  the  discovery  public.  Several 
improvements  and  modifications,  in  reference 
to  the  preparation  of  the  plates,  have  been 
made  since  the  discovery  was  first  announced, 
about  the  beginning  of  1 839 ;  and  the  pictures 
formed  on  this  principle  are  frequently  dis- 
tinguished by  the  name  of  Photogeriic  draw- 
ings, and  are  now  exhibited  at  most  of  our 
public  scientific  institutions. 

This  new  science  or  art  has  been  distin- 
guished by  different  names.  It  was  first  called 
Photographi/,  from  two  Greek  words,  signify- 
ing writing  by  light ,-  it  was  afterward  called 
f he  art  of  Photogenic  Drawing,  or  drawing 
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produced  by  light.  M.  Daguerre  gave  it  the 
name  of  Heliography,  or  writing  hy  the  sun  ,- 
all  which  appellatives  are  derived  from  the 
Greek,  and  are  expressive,  in  some  degree,  of 
the  nature  of  the  process.  We  shall,  how- 
ever, make  use  of  the  term  Daguerreotype, 
derived  from  the  name  of  the  inventor. 

As  it  does  not  fall  within  our  plan  to  give 
any  minute  descriptions  of  the  Daguerreotype 
process,  we  shall  just  give  a  few  general  hints 
in  reference  to  it,  referring  those  who  wish  for 
particular  details  to  the  separate  treatises  which 
have  been  published  respecting  it.  The  first 
thing  necessary  to  be  attended  to  in  this  art 
is  the  preparation  of  the  plate  on  which  the 
drawing  is  to  be  made.  The  plate  consists 
of  a  thin  leaf  of  copper,  plated  with  silver, 
both  metals  together  not  being  thicker  than  a 
card.  The  object  of  the  copper  is  simply  to 
support  the  silver,  which  must  be  the  purest 
that  can  be  procured.  But,  though  the  copper 
should  be  no  thicker  than  to  serve  the  purpose 
of  support,  it  is  necessary  that  it  should  be 
so  thick  as  to  prevent  the  plate  from  being 
warped,  which  would  produce  a  distortion  of 
the  images  traced  upon  it.  This  plate  must 
be  polished ;  and  for  this  purpose  the  follow- 
ing articles  are  required ;  a  vial  of  olive  oil ; 
some  very  fine  cotton ;  pumice-powder  ground, 
till  it  is  almost  impalpable,  and  tied  up  in  a 
piece  of  fine  muslin,  thin  enough  to  let  the 
powder  pass  through  without  touching  the 
plate  when  the  bag  is  shaken ;  a  little  nitric 
acid,  diluted  with  sixteen  times,  by  measure, 
its  own  quantity  of  water ;  a  frame  of  wire  on 
which  to  place  the  plate  when  being  heated ; 
a  spirit  lamp  to  make  the  plate  hot ;  a  small 
box,  with  inclined  sides  within,  and  having  a 
lid  to  shut  it  up  close;  and  a  square  board 
large  enough  to  hold  the  dravv^ing,  and  having 
catches  at  the  side  to  keep  it  steady. 

To  the  above  prerequisites,  a  good  camera 
ohscura  is,  of  course,  essentially  necessary. 
This  instrument  should  be  large  enough  to 
admit  the  plate  of  the  largest  drawing  in- 
tended to  be  taken.  The  lens  w^hich  forms 
the  image  of  the  object  should,  if  possible,  be 
achromatic,  and  of  a  considerable  diameter. 
In  an  excellent  instrument  of  this  description 
now  before  me,  the  lens  is  an  achromatic 
about  three  inches  diameter,  but  capable  of 
being  contracted  to  a  smaller  aperture.  Its 
focal  distance  is  about  1 7  inches  ;  and  the 
box,  exclusive  of  the  tube  which  contains  the 
lens,  is  15  inches  long,  13^  inches  broad,  and 
1 1  inches  deep.  It  forms  a  beautiful  and  well- 
defined  picture  of  every  well  enlightened  ob- 
ject to  which  it  is  directed. 

Before  the  plate  is  placed  in  the  camera, 
there  are  certain  operations  to  be  performed. 
1.  The  surface  of  the  plate  should  be  mad<5 
perfectly  smooth,   or   highly   polished.     Fo2 
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diis  purpose  it  must  be  laid  flat,  with  the 
silver  side  upward,  upon  several  folds  of  paper 
for  a  bedding;  and  having  been  well  polished 
in  the  usual  way,  the  surface  must  be  pow- 
dered equally  and  carefully  with  fine  pumice 
inclosed  in  the  muslin  bag.  Then  taking  a 
little  cotton  wool,  dipped  in  olive  oil,  it  must 
be  rubbed  over  the  plate  with  rounding  strokes, 
and  then  crossing  them  by  others  which  com- 
mence at  right  angles  v/ith  the  first.  This 
process  must  be  repeated  frequently,  changing 
the  cotton,  and  renewing  the  pumice-powder 
every  time.  A  small  portion  of  cotton  must 
now  be  moistened  with  the  diluted  nitric  acid, 
and  applied  equally  to  the  whole  surface. 
The  next  thing  to  be  done  is  to  make  the 
plate  thoroughly  and  equally  hot,  by  holding 
the  plate  with  a  pair  of  pincers  by  the  corner 
over  a  charcoal  fire,  and  when  the  plate  is 
sufficiently  hot,  a  white  coating  will  be  ob- 
served on  the  silver,  which  indicates  that  that 
part  of  the  operation  is  finished.  An  even 
cold  surface  is  next  wanted,  such  as  a  metallic 
plate  cooled  almost  to  the  freezing  point  by 
muriate  of  soda,  and  to  this  the  heated  plate 
must  be  suddenly  transferred. 

2.  The  next  operation  is  to  give  the  plate  a 
coating  of  iodine.  This  is  accomplished  by 
fixing  the  plate  upon  a  board,  and  then  put- 
ting it  into  a  box  containing  a  little  dish  with 
iodine  divided  into  small  pieces,  with  its  face 
downward,  and  supported  with  small  brackets 
at  the  corners.  In  this  position  the  plate  must 
remain  till  it  assume  a  full  gold  colour ^ 
through  the  condensation  of  the  iodine  on  its 
surface,  which  process  should  be  conducted 
in  a  darkened  apartment.  The  requisite  time 
for  the  condensation  of  the  iodine  varies  from 
five  minutes  to  half  an  hour.  When  this  pro- 
cess is  satisfactorily  accomplished,  the  plate 
should  be  immediately  fixed  in  a  frame  with 
catches  and  bands,  and  placed  in  the  camera ; 
and  the  transference  from  one  receptacle  to 
another  should  be  made  as  quickly  as  possi- 
ble, and  with  only  so  much  light  as  will  enable 
the  operator  to  see  what  he  is  doing. 

3.  The  next  operation  is  to  obtain  the 
drawing.  Having  placed  the  camera  in  front 
of  the  scene  to  be  represented,  and  the  lens 
being  adjusted  to  the  proper  focus,  the  ground 
glass  of  the  camera  is  withdrawn,  and  the  pre- 
pared plate  is  substituted  for  it,  and  the  whole 
is  left  till  the  natural  images  are  drawn  by 
the  natural  light  from  the  object.  The  time 
necessary  to  leave  the  plate  for  a  complete 
delineation  of  the  objects  depends  upon  the 
intensity  of  the  light.  Objects  in  the  shade 
will  require  more  time  for  their  delineation 
than  those  in  the  broad  light.  The  full,  clear 
light  of  the  south  of  Europe,  Spain,  Italy,  and 
particularly  the  more  glowing  brilliancy  of 
tropieal  countries,  will  effect  the  object  much 
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more  speedily  than  the  duller  luminosity  of  a 
northern  clime.  Some  hours  of  the  day  are 
likewise  more  favourable  than  others.  Da- 
guerre  states  that  "the  most  favourable  is 
from  7  A.M.  to  3  o'clock  p.m.,  and  that  a 
drawing  could  be  effected  in  Paris  in  three  or 
four  minutes  in  June  and  July,  which  would 
require  five  or  six  in  May  and  August,  and 
seven  or  eight  in  April  and  September."  In 
the  progress  of  this  art,  at  the  present  time, 
portraits  and  other  objects  are  frequently  de- 
lineated in  the  course  of  a  few  seconds. 

4.  Immediately  after  removing  the  plate 
from  the  camera,  it  is  next  placed  over  the 
vapour  of  mercury,  which  is  placed  in  a  cup 
at  the  bottom  of  a  box,  and  a  spirit  lamp 
applied  to  its  bottom  till  the  temperature  rise 
to  140°  of  Fahrenheit.  This  process  is  in- 
tended to  bring  out  the  image,  which  is  not 
visible  when  withdrawn  from  the  camera; 
but  in  the  course  of  a  few  minutes  a  faint 
tracery  will  begin  to  appear,  and  in  a  very 
short  time  the  figure  will  be  clearly  developed. 

5.  The  next  operation  is  to  fix  the  impres- 
sion. In  order  to  this,  the  coating  on  which 
the  design  was  impressed  must  be  removed, 
to  preserve  it  from  being  decomposed  by  the 
rays  of  light.  For  this  purpose,  the  plate  is 
placed  in  a  trough  containing  common  water, 
plunging  and  withdrawing  it  immediately,  and 
then  plunging  it  into  a  solution  of  salt  and 
water  till  the  yellow  coating  has  disappeared. 

Such  is  a  very  brief  sketch  of  the  photoge-' 
nic  processes  of  Daguerre.  Other  substanceSi, 
however,  more  easily  prepared,  have  been  re* 
commended  by  Mr.  Talbot,  F.R.S.,  who  ap- 
pears, about  the  same  time,  to  have  invented 
a  process  somewhat  similar  to  that  of  Daguerre. 
The  following  are  his  directions  for  the  prepa- 
ration oi photogenic  paper  : 

The  paper  is  to  be  dipped  into  a  solution 
of  salt  in  water,  in  the  proportion  of  half  an 
ounce  of  salt  to  half  a  pint  of  Vv^ater.  Let  the 
superfluous  moisture  drain  off,  and  then  lay- 
ing the  paper  upon  a  clean  cloth,  dab  it  gently 
with  a  napkin,  so  as  to  prevent  the  salt  collect- 
ing in  one  spot  more  than  in  another.  The 
paper  is  then  to  be  pinned  down,  by  two  of  its 
corners  on  a  drawing-board  by  means  of  com- 
mon pins,  and  one  side  washed  or  wetted  v/ith 
the  photogenic  fluid,  using  the  brush  prepared 
for  that  purpose,  and  taking  care  to  distribute 
it  equally.  Next,  dry  the  paper  as  rapidly  as 
you  can  at  the  fire,  and  it  will  be  fit  for  use  for 
most  purposes.  If,  when  the  paper  is  exposed 
to  the  sun's  rays,  it  should  assume  an  irregular 
tint,  a  very  thin  extra  wash  of  the  fluid  will 
render  the  colour  uniform,  and  at  the  same 
time,  somewhat  darker.  Should  it  be  re- 
quired to  make  a  more  sensitive  description 
of  paper,  after  the  first  application  of  the  fluid 
the  solution  of  salt  should  be  applied,  and  the 
3  X  (793) 
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paper  dried  at  the  fire.  Apply  a  second  wash 
of  the  fluid,  and  dry  it  at  the  lire  again :  em- 
ploy the  salt  a  third  time,  dry  it,  and  one 
application  more  of  the  fluid  will,  when  dried, 
have  made  the  paper  extremely  sensitive. 
When  slips  of  such  papers,  differently  pre- 
pared, are  exposed  to  the  action  of  daylight, 
those  which  are  soonest  affected  by  the  light, 
by  becoming  dark,  are  the  best  prepared. 

When  photogenic  drawings  are  finished  in 
a  perfect  way,  the  designs  then  taken  on  the 
plate  or  paper  are  exceedingly  beautiful  and 
correct,  and  will  bear  to  be  inspected  with  a 
considerable  magnifying  power,  so  that  the 
most  minute  portions  of  the  objects  delineated 
may  be  distinctly  perceived.  We  have  seen 
portraits  finished  in  this  way  by  a  London 
artist  with  an  accuracy  which  the  best  minia- 
tm"e  painter  could  never  attempt,  every  fea- 
ture being  so  distinct  as  to  bear  being  viewed 
with  a  deep  magnifier.  And  in  landscapes 
and  buildings,  such  is  the  deficacy  and  accu- 
racy of  such  representations,  that  the  marks 
of  the  chisel  and  the  crevices  in  the  stones 
may  frequently  be  seen  by  applying  a  magni- 
fying lens  to  the  picture;  so  that  we  may 
justly  exclaim,  in  the  words  of  the  poet, 
"  Who  can  paint  like  Nature  !"  That  light 
— which  is  the  lirst-born  of  Deity,  which  per- 
vades all  space,  and  illuminates  all  worlds — 
in  the  twinkhng  of  an  eye,  and  with  an  ac- 
curacy which  no  art  can  imitate,  depicts  every 
object  in  its  exact  form  and  proportions,  su- 
perior to  every  thing  that  human  genius  can 
produce. 

The  photogenic  art,  in  its  progress,  will 
doubtless  be  productive  of  many  highly  inter- 
esting and  beneficial  effects.  It  affords  us  the 
power  of  representing,  by  an  accurate  and 
rapid  process,  all  the  grand  and  beautiful  ob- 
jects connected  with  our  globe,  the  landscapes 
peculiar  to  every  country,  the  lofty  ranges  of 
mountains  which  distinguish  Alpine  regions, 
the  noble  edifices  which  art  has  reared,  the 
monumental  remains  of  antiquity,  and  every 
other  object  which  it  would  be  interesting  for 
human  beings  to  contemplate ;  so  that,  in  the 
course  of  time,  the  general  scenery  of  our 
world,  in  its  prominent  parts,  might  be  ex- 
hibited to  almost  every  eye.  The  commission 
of  the  French  Chambers,  when  referring  to 
this  art,  has  the  following  remark :  "  To  copy 
the  millions  upon  millions  of  hieroglyphics 
which  cover  even  the  exterior  of  the  great 
monuments  of  Thebes  and  Memphis,  of  Car- 
nac,  &c.,  would  require  scores  of  years  and 
legions  of  designers.  By  the  assistance  of 
the  Daguerreotype,  a  single  man  could  finish 
that  immense  work."  This  instrument  lays 
down  objects  which  the  visual  organs  of  man 
would  overlook,  or  might  be  unable  to  per- 
ceive, with  the  same  minuteness  and  nicety 
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that  it  delineates  the  most  prominent  features 
of  a  landscape.  The  time-stained  excreS" 
cences  on  a  tree,  the  blades  of  grass,  the  leaf 
of  a  rose,  the  neglected  weed,  the  moss  on 
the  summit  of  a  lofty  tower,  and  similar  ob- 
jects, are  traced  with  the  same  accuracy  as 
the  larger  objects  in  the  surrounding  scene. 

It  is  not  improbable,  likewise,  that  this  art 
(still  in  its  infancy,)  when  it  approximates  to 
perfection,  may  enable  us  to  take  representa- 
tions of  the  sublime  objects  in  the  heavens. 
The  sun  affords  sufficient  light  for  this  pur- 
pose; and  there  appears  no  insurmountable 
obstacle  in  taking,  in  this  way,  a  highly-mag- 
nified picture  of  that  luminary,  whicli  shall  be 
capable  of  being  again  magnified  by  a  power- 
ful microscope.  It  is  by  no  means  improba- 
ble, from  experiments  that  have  hitherto  been 
made,  that  we  may  obtain  an  accurate  deline- 
ation of  the  lunar  world  from  the  moon  her- 
self. The  plated  disks  prepared  by  Daguerre 
receive  impressions  from  the  action  of  the  lu- 
nar rays  to  such  an  extent  as  permits  the 
hope  that  photographic  charts  of  the  moon 
may  soon  be  obtained ;  and,  if  so,  they  will 
excel  in  accuracy  all  the  delineations  of  this 
orb  that  have  hitherto  been  obtained  ;  and  if 
they  should  bear  a  microscopic  power,  objects 
may  be  perceived  on  the  lunar  surface  which 
have  hitherto  been  invisible.  Nor  is  it  im- 
possible that  the  planets  Venus,  Mars,  Jupi- 
ter, and  Saturn  may  be  delineated  in  this  way, 
and  objects  discovered  which  cannot  be  de- 
scried by  means  of  the  telescope.  It  might, 
perhaps,  be  considered  as  beyond  the  bounds 
of  probabihty  to  expect  that  even  distant  ne- 
hulae  might  thus  be  fixed,  and  a  defineation 
of  their  objects  produced  which  shall  be  ca- 
pable of  being  magnified  by  microscopes  ;  but 
we  ought  to  consider  that  the  art  is  yet  only 
in  its  infancy,  that  plates  of  a  more  delicate 
nature  than  those  hitherto  used  may  yet  be 
prepared,  and  that  other  properties  of  light 
may  yet  be  discovered  which  shall  facilitate 
such  designs.  For  we  ought  now  to  set  no 
boundaries  to  the  discoveries  of  science,  and 
to  the  practical  applications  of  scientific  dis- 
covery which  genius  and  art  may  accom- 
plish. 

In  short,  this  invention  leads  to  the  conclu- 
sion that  we  have  not  yet  discovered  all  the 
wonderful  properties  of  that  luminous  agent 
which  pervades  the  universe,  and  wdiich  un- 
veils to  us  its  beauties  and  sublimities ;  and 
that  thousands  of  admirable  objects  and 
agencies  may  yet  be  disclosed  to  our  view 
through  the  medium  of  light,  as  philosophica 
investigators  advance  in  their  researches  and 
discoveries.  In  the  present  instance,  as  well 
as  in  many  others,  it  evidently  appears  that 
the  Creator  intends,  in  the  course  of  his  provi' 
dence,  by  means  of  scientific  researches,  gra* 
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dually  to  open  to  the  view  of  the  inhabitants  goodness,  and  to  raise  our  souls  to  the  con- 

of  our  world  the  wonders,  the  beauties,  and  templation  and  the  love  of  Him  who  is  the 

the  sublimities  of  his  vast  creation ;  to  mani-  original  source  of  all  that  is  glorious  and  be- 

fest  his  infinite  wisdom  and  his  superabundant  neficent  in  the  scene  of  nature. 


CHAPTER  HI. 

On  the  Optical  Angle,  and  the  Apparent  Magnitude  of  Objects^ 

In  order  to  understand  the  principle  on  angle.  If  we  suppose  A  (fig  41)  to  repre« 
which  telescopes  represent  distant  objects  as  sent  the  apparent  size  of  the  half  crown  at 
magnified,  it  may  be  expedient  to  explain 


what  is  meant  by  the  angle  of  vision,  and  the 
apparent  magnitudes  under  which  different 
objects  appear,  and  the  same  object,  when 
placed  at  different  distances. 

The  optical  angle  is  the  angle  contained 
under  two  right  lines  drawn  from  the  extreme 
points  of  an  object  to  the  eye.  Thus  A  E  B 
ox  C  E  D  (fig.  40*)  is  the  optical  or  visual 

Fig.  40* 


Fig.  41, 


angle,  or  the  angle  under  which  the  object  A 
B  ox  C  D  appears  to  the  eye  at  E.  These 
two  objects,  being  at  different  distances,  are 
seen  under  the  same  angle,  although  C  D  is 
evidently  larger  than  A  B.  On  the  retina  of 
the  eye,  their  images  are  exactly  of  the  same 
size,  and  so  is  the  still  larger  object  F  G, 

The  apparent  magnitude  of  objects  de- 
notes their  magnitude  as  they  appear  to  us, 
in  contradistinction  from  their  real  or  true 
magnitude,  and  it  is  measured  by  the  visual 
angle ;  for,  whatever  objects,  are  seen  under 
the  same  or  equal  angles  appear  equal,  how- 
ever different  their  real  magnitudes.  If  a  half 
crown  or  half  dollar  be  placed  at  about  120 
yards  from  the  eye,  it  is  just  perceptible  as  a 
visible  point,  and  its  apparent  magnitude,  or 
the  angle  under  which  it  is  seen,  is  very  small. 
At  the  distance  of  thirty  or  forty  yards,  its 
bulk  appears  sensibly  increased,  and  we  per- 
ceive it  to  be  a  round  body ;  at  the  distance 
of  six  or  eight  yards  we  can  see  the  king  or 
queen's  head  engraved  upon  it ;  and  at  the 
distance  of  eight  or  ten  inches  from  the  eye 
it  will  appear  so  large  that  it  will  seem  to 
cover  a  large  building  placed  within  the  dis- 
tance of  a  quarter  of  a  mile  ;  in  other  words, 
the  apparent  magnitude  of  the  half  crown, 
held  at  such  a  distance,  will  more  than  equal 
that  of  such  a  building  in  the  picture  on  the 
retina,  owing  to  the  increase  of  the  optical 


nine  yards'  distance,  then  we  say  it  is  seen 
under  the  small  angle  FED.  B  will  repre- 
sent its  apparent  magnitude  at  4^  yards  dis- 
tant under  the  angle  H  E  G,  and  the  circle 
C,  its  apparent  magnitude  at  3  yards  distant, 
under  the  large  angle  K  E  I. 

This  may  be  otherwise  illustrated  by  the 
following  figure ;  Let  A  B   (fig.  42)  be  an 

Fig.  43. 


object  viewed  directly  by  the  eye  Q  R.  From 
each  extremity  A  and  B  draw  the  lines  A  N, 
B  M,  intersecting  each  other  in  the  crystalline 
humour  in  /:  then  is  A  I B  the  optical  angle 
which  is  the  measure  of  the  apparent  magni- 
tude or  length  of  the  object  A  B.  From  an 
inspection  of  this  figure,  it  will  evidently  ap- 
pear that  the  apparent  magnitudes  of  objects 
will  vary  according  to  their  distances.  Thus 
A  By  C  D,E  F,  the  real  magnitudes  of  which 
are  unequal,  may  be  situated  at  such  distances 
from  the  eye  as  to  have  their  apparent  mag- 
nitudes all  equal,  and  occupying  tne  same 
space  on  the  retina,  M  N,  as  here  represented. 
In  like  manner,  objects  of  equal  magnitude, 
placed  at  unequal  distances,  will  appear  une- 
qual. The  objects  A  B  and  G  H,  which  are 
equal,  being  situated  at  different  distances  from 
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the  eySj  G  H  will  appear  under  the  large 
angle  T I  V,  or  as  large  as  an  object  T  V, 
situated  at  the  same  place  as  the  object  A  B, 
while  A  B  appears  under  the  smaller  angle 
A  I B.  Therefore  the  object  G  M  is  appa- 
rently greater  than  the  object  A.  B,  though  it 
is  only  equal  to  it.  Hence  it  appears  that  we 
have  no  certain  standard  of  the  t^me  magni- 
tude of  objects  by  our  visual  perception  ab- 
stractly considered,  but  only  of  the  p7^oportions 
of  magnitude. 

In  reference  to  apparent  magnitudes,  we 
scarcely  ever  judge  any  object  to  be  so  great 
or  so  small  as  it  appears  to  be,  or  that  there  is 
so  great  a  disparity  in  the  visible  magnitude 
of  two  equal  bodies  at  different  distances  from 
the  eye.  Thus,  for  example,  suppose  two 
men,  each  six  feet  three  inches  high,  to  stand 
directly  before  us,  one  at  the  distance  of  a  pole, 
or  5^  yards,  and  the  other  at  the  distance  of 
100  poles,  or 550  yards:  we  should  observe  a 
considerable  difference  in  their  apparent  size, 
but  we  should  scarcely  suppose,  at  first  sight, 
that  the  one  nearest  the  eye  appeared  a  hun- 
dred times  greater  than  the  other,  or  that, 
while  the  nearest  one  appeared  six  feet  three 
inches  high,  the  remote  one  appeared  only 
about  three- fourths  of  an  inch.  Yet  such  is 
in  reality  the  case ;  and  not  only  so,  but  the 
visible  bulk  or  area  of  the  one  is  to  that  of  the 
other  as  the  square  of  these  numbers,  namely, 
as  10,000  to  1 ;  the  man  nearest  us  presenting 
to  the  eye  a  magnitude  or  surface  ten  thousand 
times  greater  than  that  of  the  other.  Again, 
suppose  two  chairs  standing  in  a  large  room, 
the  one  twenty-one  feet  distance  from  us,  and 
the  other  three  feet ;  the  one  nearest  us  will 
appear  seven  times  larger,  both  in  length  and 
breadth,  than  the  more  distant  one,  and,  conse- 
quently, its  visible  area  forty -nine  times  greater. 
If  I  hold  up  my  finger  at  nine  inches  distance 
from  my  eye,  it  seems  to  cover  a  large  town  a 
mile  and  a  half  in  extent,  situated  at  three 
miles  distance ;  consequently,  the  apparent 
magnitude  of  my  finger,  at  nine  inches  dis- 
tance from  the  organ  of  vision,  is  greater  than 
that  of  the  large  town  at  three  miles  distance, 
and  forms  a  larger  picture  on  the  retina  of  the 
eye.  When  I  stand  at  the  distance  of  a  foot 
from  my  window,  and  look  through  one  of  the 
panes  to  a  village  less  than  a  quarter  of  a  mile 
distant,  I  see,  through  that  pane,  nearly  the 
whole  extent  of  the  village,  comprehending 
two  or  three  hundred  houses ;  consequently, 
the  apparent  magnitude  of  the  pane  is  equal 
to  nearly  the  extent  of  the  village,  and  all  the 
buildings  it  contains  do  not  appear  larger  than 
the  pane  of  glass  in  the  window,  otherwise  the 
houses  and  other  objects  which  compose  the 
^idllage  could  not  be  seen  through  that  single 
pane.  For,  if  we  suppose  a  line  drawn  from 
s>i[iQ  end  of  the  village,  passing  through  the 
(796) 


one  side  of  the  pane,  and  another  line  drawn 
from  the  other  end,  and  passing  through  the 
other  side  of  the  pane  to  the  eye,  these  lines 
would  form  the  optical  angle  under  which  the 
pane  of  glass  and  the  village  appears.  If  the 
pane  of  glass  be  fourteen  inches  broad,  and 
the  length  of  the  village  2640  yards,  or  half  a 
mile,  this  last  lineal  extent  is  6788  times 
greater  than  the  other,  and  yet  they  have  the 
same  apparent  magnitude  in   the  case  sup- 


Hence  we  may  learn  the  absurdity  and 
futility  of  attempting  to  describe  the  extent  of 
spaces  in  the  heavens,  by  saying  that  a  cer- 
tain phenomenon  was  two  or  three  feet  or 
yards  distant  from  another,  or  that  the  tail  of 
a  comet  appeared  several  yards  in  length. 
Such  representations  can  convey  no  definite 
ideas  in  relation  to  such  magnitudes,  unless  it 
be  specified  at  what  distance  from  the  eye  the 
foot  or  yard  is  supposed  to  be  placed.  If  a  rod, 
a  yard  in  length,  be  held  at  nine  inches  from 
the  eye,  it  will  subtend  an  angle,  or  cover  a 
space  in  the  heavens,  equal  to  more  than  one- 
fourth  of  the  circumference  of  the  sky,  or 
about  one  hundred  degrees.  If  it  be  eighteen 
inches  from  the  eye,  it  will  cover  a  space 
equal  to  fifty  degrees  ;  if  at  three  feet  twenty- 
five  degrees,  and  so  on  in  proportion  to  the 
distance  from  the  eye  ;  so  that  we  can  form  no 
correct  conceptions  of  apparent  spaces  or  dis- 
tances in  the  heavens,  when  we  are  merely 
told  that  two  stars,  for  example,  appear  to  be 
three  yards  distant  from  each  other.  The  only 
definite  measure  we  can  use  in  such  a  case  is 
that  of  degrees.  The  sun  and  moon  are  about 
half  a  degree  in  apparent  diameter,  and  the 
distance  between  the  extreme  stars  in  Orion's 
belt  three  degrees,  which  measures,  being  made 
familiar  to  the  eye,  may  be  applied  to  other 
spaces  of  the  heavens,  and  an  approximate 
idea  conveyed  of  the  relative  distances  of  ob- 
jects in  the  sky. 

From  what  has  been  stated  above,  it  is  evi- 
dent that  the  magnitude  of  objects  may  be 
considered  in  different  points  of  view.  The 
true  dimensions  of  an  object,  considered  in 
itself,  give  what  is  called  its  real  or  absolute 
magnitude;  and  the  opening  of  the  visual 
angle  determines  the  apparent  magnitude. 
The  real  magnitude,  therefore,  is  a  constant 
quantity ;  but  the  apparent  magnitude  varies 
continually  with  the  distance,  real  or  ima- 
ginary; and,  therefore,  if  we  always  judged  of 
the  dimensions  of  an  object  fi-om  its  apparent 
magnitude,  every  thing  around  us  would,  in 
this  respect,  be  undergoing  very  sensible  va- 
riations, which  might  lead  us  into  strange  and 
serious  mistakes.  A  fly,  near  enough  to  the 
eye,  might  appear  under  an  angle  as  great  as 
an  (ilephant  at  the  distance  of  twenty  feet,  and 
the  sue  be  mistaken  for  the  other.     A  giaijt 
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sight  le^t  high,  seen  attbj  distance  of  twenty- 
four  feet,  would  not  appear  taller  than  a  child 
two  feet  in  height  at  the  distance  of  six  feet ; 
for  both  would  be  seen  nearly  under  the  same 
angle.  But  our  experience  generally  pre- 
vents us  from  being  deceived  by  such  illu- 
sions. By  the  help  of  touch,  and  by  making 
allowance  for  the  different  distances  at  which 
we  see  particular  objects,  we  learn  to  correct 
the  ideas  we  might  otherwise  form  from  at- 
tending to  the  optical  angle  alone,  especially 
in  the  case  of  objects  that  are  near  us.  By  the 
sense  of  touch  we  acquire  an  impression  of 
the  distance  of  an  object ;  this  impression  com- 
bines itself  with  that  of  the  apparent  magni- 
tude, so.  that  the  impression  which  represents 
to  us  the  real  magnitude  is  the  product  of 
these  two  elements.  When  the  objects,  how- 
ever, are  at  a  great  distance,  it  is  more  diffi- 
cult to  form  a  correct  estimate  of  their  true 
magnitudes.  The  visual  angles  are  so  small 
that  they  prevent  comparison ;  and  the  esti- 
mated bulks  of  the  objects  depend,  in  a  great 
measure,  upon  the  apparent  magnitudes ;  and 
thus  an  object  situated  at  a  great  distance  ap- 
pears to  us  much  smaller  than  it  is  in  reality. 
We  also  estimate  objects  to  be  nearer  or  fur- 
ther distant  according  as  they  are  more  or  less 
clear,  and  our  perception  of  them  more  or 
less  distinct  and  well  defined ;  and  likewise 
when  several  objects  intervene  between  us 
and  the  object  we  are  particularly  observing. 
We  make  a  sort  of  addition  of  all  the  esti- 


mated distances  of  intermediate  objects,  in 
order  to  form  a  total  distance  of  the  remote 
object,  which,  in  this  case,  appears  to  be  fur- 
ther off  than  if  the  intervening  space  were  un- 
occupied. It  is  generally  estimated  that  no 
terrestrial  object  can  be  distinctly  perceived  if 
the  visual  angle  it  subtends  be  less  than  one 
minute  of  a  degree^  and  that  most  objects  be- 
come indistinct  when  the  angle  they  subtend  at 
the  pupil  of  the  eye  is  less  than  six  minutes. 

We  have  deemed  it  expedient  to  introduce 
the  above  remarks  on  the  apparent  magnitude 
of  objects,  because  the  principal  use  of  a  tele- 
scope is  to  increase  the  angle  of  vision,  or  to 
represent  objects  under  a  larger  angle  than 
that  under  which  they  appear  to  the  naked 
eye,  so  as  to  render  the  view  of  distant  objects 
more  distinct,  and  to  exhibit  to  the  organ  of 
vision  those  objects  which  would  otherwise  be 
invisible.  A  telescope  may  be  said  to  enlarge 
an  object  just  as  many  times  as  the  angle 
under  which  the  instrument  represents  it  is 
greater  than  that  under  which  it  appears  to 
the  unassisted  eye.  Thus  the  moon  appears 
to  the  naked  eye  under  an  angle  of  about  half 
a  degree  ;  consequently,  a  telescope  magnifies 
60  times  if  it  represents  that  orb  under  an 
angle  of  30  degrees;  and  if  it  magnified  180 
times,  it  would  exhibit  the  moon  under  an 
angle  of  90  degrees,  which  would  make  her 
appear  to  fill  half  of  the  visible  heavens,  or 
the  space  w^hich  intervenes  from  the  horizon 
to  the  zenith. 
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CHAPTER  IV, 


On  the  Different  kinds  of  Refracting  Telescopes. 


There  are  two  kinds  of  telescopes,  corre- 
sponding to  two  modes  of  vision,  namely, 
those  which  perform  their  office  by  refraction 
through  lenses,  and  those  which  magnify  dis- 
tant objects  by  reflection  from  mirrors.  The 
telescope  which  is  constructed  with  lenses 
produces  its  effects  solely  by  refracted  light, 
and  is  called  a  Dioptric,  or  refracting  tele- 
scop^:.  The  other  kind  of  telescope  produces 
its  effe^^ts  partly  by  reflection,  and  partly  by 
refraction,  and  is  composed  both  of  mirrors 
and  lenses  ;  but  the  mirrors  form  the  principal 
part  of  the  telescope,  and  therefore  such  in- 
struments are  denominated  reflecting  tele- 
s'^opes.  In  this  chapter  I  shall  describe  the 
various  kinds  of  refracting  telescopes. 


SECTioiyr.  I. 
The  Galilean  Telescope. 
Thie  telescope  is  named  after  the  celebrated 
Galileo,  who  first  constructed,  and  probably 


invented  it  in  the  year  1609.  It  consists  of 
only  two  glasses,  a  convex  glass  next  the  ob- 
ject, and  a  concave  next  the  eye.  The  con- 
vex is  called  the  ohject-glass,  and  the  concave,, 
to  which  the  eye  is  applied,  is  called  the  eye- 
glass.    Let  C  (fig.  43)  represent  the  convex 

Fig.  43. 


object-glass,  presented  to  any  object  in  the 
direction  D  JE  I,  so  that  the  rays  fall  parallel 
upon  it;  if  these  rays,  afler  passing  through 
it,  were  not  intercepted  by  the  concave  lens  iC, 
they  would  pass  on,  and  cross  each  other  in 
the  focus  F,  where  an  inverted  image  of  the 
object  would  be  formed.  But  the  concave 
lens  K,  the  virtual  focus  of  which  is  at  F, 
3x2  (797> 
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being  interposed,  the  rays  are  not  suffered  to 
converge  to  that  point,  but  are  made  less  con- 
vergent,* and  enter  the  pupil  almost  parallel, 
as  G  H,  and  are  converged  by  the  humours 
of  the  eye  to  their  proper  foci  on  the  retina. 
The  object,  through  this  telescope,  is  seen 
upright,  or  in  its  natural  position,  because  the 
rays  are  not  suffered  to  come  to  a  focus,  so  as 
to  form  an  inverted  picture.  The  concave 
eyeglass  is  placed  as  far  within  the  focus  of 
the  object-glass  as  is  equal  to  its  own  virtual 
focus;  and  the  magnifying  power  is  as  the 
focal  length  of  the  object-glass  to  that  of  the 
eyeglass,  that  is,  ?i^  C  F  to  B  F.  Thus, 
suppose  the  focus  of  the  object-glass  to  be  ten 
inches,  and  the  focus  of  the  eyeglass  to  be 
one  inch,  the  magnifying  power  will  be  ten 
times,  which  is  always  found  by  dividing  the 
focal  length  of  the  object-glass  by  that  of  the 
eyeglass.  The  interval  between  the  two 
glasses,  in  this  case,  will  be  nine  inches, 
which  is  the  length  of  the  telescope,  and  the 
objects  seen  through  it  will  appear  under  an 
angle  ten  times  greater  than  they  do  to  the 
naked  eye.  These  propositions  might  be 
proved  mathematically ;  but  the  process  is 
somewhat  tedious  and  intricate,  and  might 
not  fully  be  understood  by  general  readers. 
I  shall  therefore  only  mention  some  of  the 
general  properties  of  this  telescope,  which  is 
novi^  seldom  used,  except  for  the  purpose  of 
opera-glasses. 

1.  The  focal  distance  of  the  object-glass 
must  be  greater  than  that  of  the  eyeglass, 
otherwise  it  would  not  magnify  an  object ;  if 
the  focal  distance  of  the  eyeglass  were  greater 
than  that  of  the  object-glass,  it  would  diminish 
objects  instead  of  magnifying  them.  2.  The 
visible  area  of  the  object  is  greater,  the  nearer 
the  eye  is  to  the  glass ;  and  it  depends  on  the 
diameter  of  the  pupil  of  the  eye,  and  on  the 
breadth  of  the  object-glass ;  consequently,  the 
field  of  view  in  this  telescope  is  very  small. 
3.  The  distinctness  of  vision  in  this  construc- 
tion of  a  telescope  exceeds  that  of  almost  any 
other.  This  arises  from  the  rays  of  light  pro- 
ceeding from  the  object  directly  through  the 
lenses,  without  crossing  or  intersecting  each 
other ;  whereas,  in  the  combination  of  convex 
lenses,  they  intersect  one  another  to  form  an 
image  in  the  focus  of  the  object-glass,  and  this 
image  is  magnified  by  the  eyeglass  with  all 
its  imperfections  and  distortions.  The  thin- 
ness of  the  centre  of  the  concave  lens  also 
contributes  to  distinctness.  4.  Although  the 
field  of  view  in  this  telescope  is  very  small, 
yet,  where  no  other  telescope  can  be  procured, 

*  It  is  one  of  the  properties  of  concave  lenses 
to  render  convergent  rays  less  convergent,  and 
when  placed  as  here  supposed,  to  render  them 
parallel;  and  it  is  parallel  rays  that  produce  dis- 
tinct vision. 
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it  might  be  made  of  such  a  length  as  to  show 
the  spots  on  the  Sun,  the  crescent  of  Venus, 
the  satelhtes  of  Jupiter,  and  the  ring  of  Saturn ; 
and,  requiring  only  two  glasses,  it  is  the  cheap- 
est of  all  telescopes.  It  has  been  found  that 
an  object-lens  five  feet  focal  distance  will  bear 
a  concave  eyeglass  of  only  one  inch  focal  dis- 
tance, and  will  consequently  magnify  the 
diameters  of  the  planets  sixty  times,  and  their 
surfaces  3600  times,  which  is  sufficient  to 
show  the  phenomena  now  stated.  And,  al- 
though only  a  small  portion  of  the  sun  and 
moon  can  be  seen  at  once,  yet  Jupiter  and  all 
his  satelhtes  may  sometimes  be  seen  at  one 
view ;  hut  there  is  some  difficulty  in  finding 
objects  with  such  telescopes.  5.  Opera-glasses, 
which  are  always  of  this  construction,  have 
fche  object-lens  generally  about  six  inches 
focus  and  one  inch  diameter,  with  a  concave 
eyeglass  of  about  two  inches  focus.  These 
glasses  magnify  about  three  times  in  diameter, 
have  a  pretty  large  field,  and  produce  very 
distinct  vision.  When  adjusted  to  the  eye, 
they  are  about  four  inches  in  length.  To  the 
object-end  of  an  opera-glass  there  is  sometimes 
attached  a  plane  mirror,  placed  at  an  angle  of 
forty -five  degrees,  for  the  purpose  of  viewing 
objects  on  either  side  of  us.  By  this  means, 
in  a  theatre  or  assembly,  we  can  take  a  view 
of  any  person  without  his  having  the  least 
suspicion  of  it,  as  the  glass  is  directed  in  quite 
a  different  direction.  The  instrument  with 
this  appendage  is  sometimes  called  a  PolemO' 
scope. 


Sectigi!?  IL 

The  Common  Astronomical  Refracting  Tele^ 
scope. 

The  astronomical  telescope  is  the  most  sim- 
ple construction  of  a  telescope,  composed  of 
convex  lenses  only,  of  which  there  are  but 
two  essentially  necessary,  though  a  third  is 
sometimes  added  to  the  eyepiece  for  the  pur- 
pose of  enlarging  the  field  of  view.  Its  con- 
struction will  be  easily  understood  from  a 
descriptidn  of  the  following  figure :  Its  two 
essential  parts  are  an  object-glass,  A  D,  and 
an  eyeglass  E  Y,  so  combined  in  a  tube  that 
the  focus  F  of  the  object-glass  is  exactly  co- 
incident with  the  focus  of  the  eyeglass.  Let 
0  B  (fig.  44)  represent  a  distant  object,  from 
which  rays  nearly  parallel  proceed  to  the  ob- 
ject-lens A.  D.  The  rays  passing  through  this 
lens  will  cross  at  F,  and  form  an  image  of  the 
object  at  I M.  This  image  forms,  as  it  were, 
an  object  to  the  eyeglass  E  Y,  which  is  of  a 
short  focal  distance,  and  the  eye  is  thus  en- 
abled to  contemplate  the  object  as  if  it  were 
brought  much  nearer  than  it  is  in  reality ;  foi 
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the  lays,  which,  after  crossing-, 
proceed  m  a  divergent  state,  fall 

upon  the  lens  jS   Y  as  if  they  &. 

proceeded  from  a  real  object  situ-  i 
ated  at  F.  All  that  is  effected,  ■ 
therefore,  by  such  a  telescope  is 
to  form  an  image  of  a  distant  ob- 
ject by  means  of  the  object-lens,  and  then  to 
give  the  eye  such  assistance  as  is  necessary 
for  viewing  that  image  as  near  as  possible,  so 
that  the  angle  it  shall  subtend  at  the  eye  shall 
be  very  large  compared  with  the  angle  which 
the  object  itself  would  subtend  in  the  same 
situation. 

Here  it  may  be  expedient  to  explain,  1. 
Row  this  arrangement  of  glasses  shows  dis- 
tant ol^ects  distinctly;  and  2.  The  reason 
why  objects  appear  magnified  when  seen 
through  it.  As  to  the  first  particular,  it  may 
bi^  proved  as  follows :  The  rays  0  A  and  B  D, 
which  arc  parallel  before  they  fall  upon  the 
ohject-glass,  are  by  this  glass  refracted  and 
united  at  its  focus.  In  order,  then,  to  distinct 
vision,  the  eyeglass  must  re-establish  the  paral- 
lelism of  the  rays,  which  is  effected  by  placing 
the  eyeglass  so  th',t  its  focus  may  be  at  F,  and, 
consequently,  the  rays  Vv^ill  proceed  from  it 
parallel  to  each  other,  and  fall  upon  the  eye 
in  that  direction ;  for  distinct  vision  is  pro- 
duced by  parallel  rays.  2.  The  reason  why 
the  object  appears  magnified  will  appear,  if  we 
consider  that,  if  the  eye  viewed  the  object  from 
the  centre  of  the  object-glass,  it  would  see  it 
under  the  angle  0  C  5 ;  let  0  O  and  B  C 
then  be  produced  to  the  focus  of  the  glass,  they 
will  then  liinit  the  image,  /  M,  formed  in  the 
focus.  If,  tlien,  two  parallel  rays  are  supposed 
to  proceed  to  the  eyeglass  E  Y,  they  will  be 
converged  to  its  focus  H,  and  the  eye  will  see 
the  image  under  the  angle  E  H  Y.  The  ap- 
parent magnitude  of  the  object,  therefore,  as 
seen  by  the  naked  eye,  is  to  the  magnitude  of 
the  image  as  seen  through  the  telescope,  as 
0  C  S  to  E  if  F,  or  as  the  distance  C  7^  to 
the  distance  F  G\  in  other  words,  as  the  focal 
length  of  the  ohject-glass  to  that  of  the  eye- 
glass. 

It  is  obvious  from  the  figure,  that,  through 
this  telescope,  all  objects  will  appear  inverted  ; 
since  the  object  0  ^  is  depicted  by  the  object- 
glass  in  an  inverted  position  at  I M,  and  in 
this  position  is  viewed  by  the  eyeglass  E  Y"; 
and,  therefore,  this  kind  of  telescope  is  not  well 
adapted  for  viewing  terrestrial  objects,  since  it 
exhibits  the  tops  of  trees,  houses,  and  other 
objects  as  undermost,  and  the  heads  of  people 
as  pointing  downward.  But  this  circum- 
stance is  of  no  consequence  with  respect  to 
the  heavenly  bodies,  since  they  are  round,  and 
it  can  make  little  difference  to  an  observer 
which  side  of  a  globular  body  appears  upper- 
most or  undermost.     All  astronomical  refract- 


Fig.  44. 


ing  telescopes  invert  objects;  but  they  are 
preferred  to  any  other  telescopes,  because  they 
have  few  glasses,  and,  consequently,  more 
light.  This  telescope,  however,  can  be  trans- 
formed into  a  common  day  telescope  for  land 
objects  by  the  addition  of  two  other  eyeglasses, 
as  we  shall  afterward  explain  ;  but  in  this  case 
a  quantity  of  light  is  lost  by  refraction  at  each 
lens,  for  there  is  scarcely  any  transparent  sub- 
stance that  transmits  all  the  rays  of  light  that 
fall  upon  it. 

The  magnifijing  power  of  this  telescope  is 
found  hy  dividing  the  focal  distance  of  the 
object-glass  hy  the  focal  distance  of  the  eye- 
glass ;  the  quotient  gives  the  magnifying 
power,  or  the  number  of  times  that  the  object 
seen  through  the  telescope  appears  larger  or 
nearer  than  to  the  naked  eye.  Thus,  for  ex- 
ample, if  the  focal  distance  of  the  object-glass 
be  28  inches,  and  the  focal  distance  of  the 
eyeglass  1  inch,  the  magnifying  power  will  be 
28  times.  If  we  would  enlarge  the  telescope, 
and  select  an  object-glass  10  feet,  or  120 
inches  focus,  an  eyeglass  of  2  inches  focal 
length  might  be  applied,  and  then  the  diame- 
ter of  objects  would  be  magnified  60  times, 
and  their  surfaces  3600  times.  If  we  would 
use  an  object-glass  of  100  feet,  it  would  be 
necessary  to  select  an  eyeglass  about  6  inches 
focus,  and  the  magnifying  power  would  be 
200  times,  equal  to  1200  inches  divided  by  6. 
Since,  then,  the  power  of  magnifying  depends 
on  the  proportion  of  the  focal  length  of  the 
object  and  eyeglasses,  and  this  proportion  may 
be  varied  to  any  degree,  it  may  seem  strange 
to  some  that  a  short  telescope  of  this  kind  will 
not  answer  that  purpose  as  well  as  a  long  one. 
For  instance,  it  may  be  asked  why  an  object- 
glass  of  10  feet  focus  may  not  be  made  to 
magnify  as  much  as  one  of  100  feet  focal 
length,  by  using  an  eyeglass  of  half  an  inch 
focus,  in  which  case  the  magnifying  power 
would  be  240  times  1  But  it  is  to  be  consi- 
dered that,  if  the  power  of  magnifying  be  in- 
creased while  the  length  of  the  telescope  re- 
mains the  same,  it  is  necessary  to  diminish  the 
focal  length  of  the  eyeglass  in  the  same  pro- 
portion, and  this  cannot  be  done,  on  account 
of  the  great  distortion  and  colouring  which 
would  then  appear  in  the  image,  arising  both 
from  the  deep  convexity  of  the  lens  and  the 
different  refrangibility  of  the  rays  of  light.  It 
is  found  that  the  length  of  common  refracting 
telescopes  must  be  increased  in  proportion  to 
the  square  of  the  increase  of  their  magnifying 
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power ;  so  that,  in  order  to  magnify  twice  as 
much  as  before  with  the  same  light  and  dis- 
tinctness, the  telescope  must  be  lengthened 
four  times;  to  magnify  3  times  as  much,  9 
times;  and  to  magnify  4  times  as  much,  16 
times;  that  is — suppose  a  telescope  of  3  feet 
to  magnify  33  times — in  order  to  procure  a 
power  four  times  as  great,  or  132  times,  we 
must  extend  the  telescope  to  the  length  of  48 
feet,  or  16  times  the  length  of  the  other. 
Much,  likewise,  depends  upon  the  breadth  or 
a.perture  of  the  object-glass.     If  it  be  too  small, 


there  will  not  be  sufficient  light  to  flhimmate 
the  object;  and  if  it  be  too  large,  the  redund 
ance  of  light  will  produce  confusion  in  the 
image. 

The  following  table,  constructed  originally 
by  Huygens,  and  which  I  have  recalculated 
and  corrected,  shows  the  linear  aperture,  tho 
focal  distance  of  the  eyeglass,  and  the  magnify- 
ing power  of  astronomical  telescopes  of  differ- 
ent lengthsj  which  may  serve  as  a  guide  to 
those  who  wish  to  construct  telescopes  of  this 
description : 


Focal  distance  at  -.[w 
object-glaes. 

Linear  apinturcot 
the  oh  ect-2-lasH. 

Focaldi.lai.ceof  ihe 
eyeglass. 

Magnifying  power. 

Feet, 

inc.    Dec 

Inc.   De=. 

i 

0.     545 

0.      60 

20 

2 

0.     76 

0.     84 

28.5 

3 

0.     94 

1.     04 

34.6 

4 

1.     08 

1.     18 

40 

5 

I.     21 

1.    33 

45 

6 

1.     32 

].     45 

50 

7 

1.     is 

1.     58 

53 

8- 

1.     53 

1.     69 

56.8 

9 

1.     62 

1.    78 

60.6 

10 

1.     71 

1.    88 

63.8 

]5 

2.     10 

2.     30 

78 

20 

2.    43 

2.     68 

89.5 

SO 

3.     00 

3.     28 

109 

40 

3.     43 

3.     76 

197 

.50 

3.    84 

4.     20 

142 

60 

4.    20 

4.     60 

J  56 

70 

4.     55 

5.     00 

168 

80 

4.     83 

5.     35 

179 

90 

5.     15 

5.     65 

190 

100 

5.     40 

5.     95 

200 

120            1 

5.     90 

6.     52 

220 

In  the  above  table  the  first  column  ex» 
presses  the  focal  length  of  the.  object-glass  in 
ieet,  the  second  column  the  diameter  of  the 
aperture*  of  the  object-glass,  the  third  column 
the  for/al  distance  of  the  eyeglass,  and  the 
fourth  the  magnifying  power,  which  is  found 
by  reducing  the  feet  in  the  first  column  to 
inches,  and  dividing  by  the  numbers  in  the 
third  column.  From  this  table  it  appears  that, 
in  order  to  obtain  a  magnifying  power  of  168 
times  by  this  kind  of  telescope,  it  is  requisite 
to  have  an  object-glass  of  70  feet  focal  dis- 
tance, and  an  eyeglass  five  inches  focus,  and 
that  the  aperture  of  the  object-glass  ought  not 
to  be  more  than  about  4^  inches  diameter.  To 
obtain  a  power  of  220  times  requires  a  length 
of  120  feet. 

The  following  is  a  summary  view  of  the 
properties  of  this  telescope :  1.  The  object  is 
always  inverted.  2.  The  magnifying  power 
is  always  hi  the  proportion  of  the  focal  dis- 
tance of  the  object-glass  to  the  eyeglass.  3. 
As  the  rays  emerging  from  the  eyeglass  should 
be  rendered  parallel  for  every  eye,  there  is  a 
small  sliding  tube  next  the  eye,  which  should 
*  The  word  aperture,  as  applied  to  object- 
glasaes,  signifies  the  opening  to  let  in  the  light,  or 
that  part  of  the  ohject-ulass  which  is  left  unco- 
vered. An  object-glass  may  be  3  inches  in  diame- 
ter, but  if  one  inch  of  this  diameter  be  covered,  its 
aperture  is  said  lo  be  only  2  inches. 
C800) 


be  pushed  out  or  in  till  the  object  appears  dis- 
tinct. When  objects  are  pretty  near,  this  tube 
requires  to  be  pulled  out  a  little.  Iliese  cir- 
cumstances require  to  be  attended  to  in  all 
telescopes.  4.  The  apparent  magnitude  of  an 
object  is  the  same  wherever  the  eye  be  placed, 
but  the  visible  area,  or  field  of  view,  is  the 
greatest  when  the  eye  is  nearly  at  the  focal 
distance  of  the  eyeglass.  5.  The  visual  angle 
depends  on  the  breadth  of  the  eyeglass,  for  it 
is  equal  to  the  angle  which  the  eyeglass  sub-» 
tends  at  the  object-glass ;  but  the  breadth  of 
the  eyeglass  cannot  be  increased  beyond  a 
certain  limit  without  producing  colouring  and 
distortion. 

If  the  general  principles  on  which  this  tele- 
scope is  constructed  be  thoroughly  understood, 
it  will  be  quite  easy  for  the  reader  to  under- 
stand the  construction  of  all  the  other  kinds 
of  telescopes,  whether  refracting  or  reflecting. 
A  small  astronomical  telescope  can  be  con- 
structed in  a  few  moments,  provided  one  has 
at  hand  the  following  lenses:  1.  A  common 
reading-glass,  eight  or  ten  inches  focal  distance; 
2.  A  common  magnifying  leng,  such  as  watch- 
makers or  botanists  use,  of  about  1^  or  2 
inches  focus.  Hold  the  reading-glass-^ — sup- 
pose of  ten  inches  focus — in  the  left  hand  op- 
posite any  object,  and  the  magnifying  lens  of 
two  inches  focus  in  the  right  hand  near  the 
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©ye,  at  twelve  inches  distance  from  the  other 
in  a  direct  line,  and  a  telescope  is  formed 
which  magnifies  five  times.  I  have  frequently 
used  this  plan,  when  travelling,  when  no  other 
telescope  was  at  hand. 


SECTio]!ir  IIL 

The  Aerial  Telescope. 

The  aerial  is  a  refracting  telescope  of  the 
kind  we  have  now  described,  intended  to  be 
used  without  a  tube  in  a  dark  night ;  for  the 
use  of  a  tube  is  not  only  to  direct  the  glasses, 
but  to  make  the  place  dark  where  the  images 
are  formed.  It  appears,  from  the  preceding 
table,  that  we  cannot  obtain  a  high  magnify- 
ing power  with  the  common  astronomical 
telescope  without  making  it  of  an  extreme 
length,  in  which  case  the  glasses  are  not 
manageable  in  tubes — -which  are  either  too 
slight  and  apt  to  bend,  or  too  heavy  and  un- 
wieldy if  made  of  wood,  iron,  or  other  strong 
materials.  The  astronomers  of  the  seven- 
teenth century,  feeling  some  inconveniences 
in  making  celestial  observations  with  long 
tubes,  contrived  a  method  of  using  the  glasses 
without  tubes.     Hartsocker,  an  eminent  opti- 

Fig.  45. 


clan,  contrived  to  fix  them  at  the  top  of  a  tree, 
a  high  wall,  or  the  roof  of  a  house ;  but  the 
celebrated  Huygens,  who  was  not  only  an 
astronomer,  but  also  an  excellent  mechanic, 
made  considerable  improvements  in  the  me- 
thod of  using  an  object-glass  without  a  tube. 
He  placed  it  at  the  top  of  a  very  long  pole, 
having  previously  inclosed  it  in  a  short  tube, 
which  was  made  to  turn  in  all  directions  by 
means  of  a  ball  and  socket.  The  aKis  of  this 
tube  he  could  command  with  a  fine  silken 
string,  so  as  to  bring  it  into  a  line  with  the 
axis  of  another  short  tube  which  he  held  in 
his  hand,  and  which  contained  the  eyeglass. 
The  following  is  a  more  particular  descrip- 
tion of  one  of  these  telescopes :  On  the  top 
of  a  long  pole  or  mast,  a  b  (fig.  45,)  is  fixed 
a  board  movable  up  and  down  in  the  channel 
c  d ;  e  is  a  perpendicular  arm  fixed  to  it,  and 
f  f  is  Si  transverse  board  that  supports  the 
object-glass  inclosed  in  the  tube  i,  which  is 
raised  or  lowered  by  means  of  the  silk  cord 
r  I;  ^  ^  is  an  endless  rope  with  a  weight  h, 
by  which  the  apparatus  of  the  object-glass  is 
counterpoised  ;  /^  /  is  a  stick  fastened  to  the 
tube  i ;  m  the  ball  and  socket,  by  means  of 
which  the  object-glass  is  movable  every 
way  ;  and,  to  keep  it  steady,  there  is  a  weight, 
n,  suspended  by  a  wire ;  /  is  a  short  wire  to 
which  the  thread  r  /  is  tied ;  o  is  the  tube 
which  holds  the  eyeglass ;  q  the 
stick  fixed  to  this  tube,  s  a  leaden 
bullet,  and  t  a  spool  to  wind  the 
thread  on  ;  w  is  pins  for  the  thread 
to  pass  through ;  x  the  rest  for  the 
observer  to  lean  upon,  and  y  the 
lantern.  Fig.  46  is  an  apparatus 
contrived  by  M.  de  la  Hire  for 
managing  the  object-glass,  but 
which  it  would  be  too  tedious 
particularly  to  describe.  To  keep 
off  the  dew  fi"om  the  object-glass, 
it  was  sometimes  included  in  a 
pasteboard  tube,  made  of  spongy 
paper,  to  absorb  the  humidity  of 
the  air.  And,  to  find  an  object 
more  readily,  a  broad  annulus  of 
white  pasteboard  was  put  over 
the  tube  that  carried  the  eyeglass, 
upon  which  the  image  of  the  ob- 
ject being  painted,  an  assistant 
who  perceived  it  might  direct  the 
tube  of  the  eyeglass  into  its  place. 
Such  was  the  construction  of 
the  telescopes  with  which  Heve- 
lius,  Huygens,  Cassini,  and  other 
eminent  astronomers  of  the  seven- 
teenth century  made  their  prin- 
cipal discoveries.  With  such 
telescopes  Huygens  discovered  the 
fourth  satellite  of  Saturn,  and  de- 
lermined  that  this  planet  was 
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surrounded  with   a   ring;    and 
with  the  same  kind  of  instrument  ^     , 
Cassini  detected  the  first, second,  ,,^:l:r::^:,^,... 
third,    and    fifth     satelhtes    o(  mJ.u^M^ 
Saturn,  and  made  his  other  dis-  q   '^   ^ 
coveries.     When  the  night  was 
very  dark,  they  were  obhged  to  make  the  object- 
glass  visible  by  means  of  a  lantern  so  construct- 
ed as  to  throw  the  rays  of  light  up  to  it  m  a 
parallel   direction.     In  maldng  such  observa- 
tions  they  must  have  taken  incredible  pains, 
endured  much  cold  and  fatigue,  and  subjected 
themselves  to  very  great  labour  and  expense— 
which  almost  makes  us  wonder  at  the  disco- 
veries  they  were  instrumental  in  bringing  to 
light— and  should  make  modern  philosophers 
sensible  of  the  obligations  they  are  under  to 
such  men  as  Newton   and  DoUond,  through 
whose  inventions  such  unwieldy  instruments 
are  no  longer  necessary.     Telescopes  of  the 
description  now  stated  were  made  of  all  sizes, 
from  30  to  above  120  feet  in  length.     Divini 
at  Rome,  and  Campani  at   Bologna,  were 
famed  as  makers  of  the  object-glasses  of  the 
long  focal  distance  to  which  we  have  alluded, 
who  sold  them  for  a  great  price,  and  took 
eveiy  method  to  keep  the  art  of  making  them 
a  secret.     It  was  with  telescopes  made  by 
Campani  that   Cassini  made  his  discoveries. 
They  were  made  by  the  express  order  of  Louis 
XIV.,  and  were  of  86,  100,  and   136   Pans 
feet  in  focal  length.     M.  Auzout  made  one 
object-glass  , of  600  feet  focus;  but  he  was 
never  able  to  manage  it  so  as  to  make  any 
practical  observations  with  it.     Hartsocker  is 
said  to  have  made  some  of  a  still  greater  focal 
length.    The  famous  aerial  telescope  of  Huy- 
gens  was  123  feet  in  focal  length,  with  six 
fnches   of   aperture.      At    his  death  he  be- 
queathed it  to  the  Royal  Society  of  London, 
in  whose  possession  it  still  remains.     It  re- 
quired a  pole  of  more   than  a  hundred  feet 
high  on  which  to  place  the  object-glass  for 
general  observations.     It  was  with  this  glass 
that  Dr.  Derham  made  the  observations  to 
which  he  alludes  in  his  preface  to  his  "  Astro- 
Theology."      When  this  glass  was    m    the 
possession  of  Mr.  Cavendish,  it  was  compared 
with  one  of  Mr.  Dollond's  forty-six  inch  treble 
object-glass  achromatics,  and  the  gentlemen 
who  were  present  at  the  trial,  said  that^^'  the 
Dwarf  was  fairly  a  match  for  the  Giant."     It 
magnified  218  times,  and  the  trouble  of  manag- 
ing it  was  said  to  be  extremely  tiresome  and 
laborious. 


Fig  47. 
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Section  IV. 

ne  common  Refracting  Telescope,  for  Ter- 
restrial Objects. 

This  telescope  is. constructed  on  the  same 

(80?) 


principle  as  the  astronomical  telescope  already 
described,  with  the  addition  of  two  or  three 
glasses.     In  fig.  47,  0  B  represents!  a  distant 
object,  L  N  the  object-glass,  which  forms  the 
image  I M  in  its  focus,  which  is,  of  course,  in 
an  inverted  position,  and,  if  the  eye  were  ap- 
plied  to  the  lens  E  E,  the  object  would  ap- 
pear exactly  as  through  the  astronomical  tele- 
scope, every  object  being  apparently  turned 
upside  down.  To  remedy  this  inconvenience, 
there  are  added  two  other  glasses,  J^  F  and 
G   G,  by  which  a  second  image  is  formed 
from  the  first,  in  the  same  position  as  the  ob- 
ject.    In  order  to  eflfect  this,  the  first  of  these 
two  glasses,  namely,  F  F,  is  placed  at  twice 
its  focal  distance  from  the  former  glass,  E  jG, 
and   the   other  lens,  G   G,  next  the  eye,  is 
placed  at  the  same  distance  from  F  F ;  for 
all  the  three  .glasses  are  supposed  to  be  of  the 
same  focal  distance.     Now  the  lens  F  F,  be- 
ing  placed    at   twice  the   focal  distance  for 
parallel  rays  from  E  E,  receives  the  pencils 
of  parallel  rays  after  they  have  crossed^  each 
other  at  X,  and  forms  an  image  at  i  m  similar 
to  that  at  I M,  and  equal  to  it,  but  contrary 
in  position,  and   consequently  erect;  which 
last  image  is  viewed  by  the  lens  G  G,  in  the 
same  manner  as  the  first  image,  /  ilf,  would 
be  viewed  by  the  lens  E  E.     ^n  this  case  the 
image  I  M  is  considered  as  an  object  to  the 
lens  F  F,  of  which  it  forms  a  picture  in  its 
focus,  in  a  reverse  position  from  that  of  the 
first  image,  and,  of  course,  in  the  same  posi- 
tion as  the  object. 

The  magnifying  power  of  this  telescope  is 
determined  precisely  in  the  same  way  as  that 
of  the  astronomical  telescope.  Suppose  the 
object-glass  to  be  thirty  inches  focal  distance, 
and  each  of  the  eye-glasses  1^  inch  focal  dis- 
tance, the  magnifying  power  is  in  the  propor- 
tion  of  30  to  It},  or  20  times,  and  the  instru- 
ment  is,  of  course,  considerably  longer  than 
an  astronomical  telescope  of  the  same  power. 
The  distance,  in  this  case,  between  the  ob- 
ject-glass and  the  first  eyeglass,  S  E,  is  31| 
inches ;  the  distance  between  E  E  and  the 
second  glass,  F  F,  is  3  inches,  and  the  dis-- 
tance  between  F  F  and  the  glass  G  G,  next 
the  eye,  3  inches;  in  all,  37|  inches,  tho 
whole  length  of  the  telescope.  Although  it 
is  usual  to  make  use  of  three  eyeglasses  in 
this  telescope,  yet  two  will  cause  the  object 
to  appear  erect,  and  of  the  same  magnitiide. 
For,  suppose  the  middle  lens,  F  F,  taken 
away,  if  the  first  lens,  E  E,  be  placed  at  JT, 
which  is  double  its  focal  distance  from  the 


Hosted  by  Google 


TELESCOPE  FORMED  BY  A  SINGLE  LENS. 


85 


smage,  I  Jf",  it  will,  at  the  same  distance,  X 
m,on  the  other  side,  form  a  secondary  image, 
i  m,  equal  to  the  primary  image  /  M^  and 
also  in  a  contrary  position.  But  such  a  com- 
bination of  eyeglasses  produces  a  great  de- 
gree of  colouring  in  the  image,  and  therefore 
is  seldom  used.  Even  the  combination  now 
described,  consisting  of  three  lenses  of  equal 
focal  distances,  is  now  almost  obsolete,  and 
has  given  place  to  a  much  better  arrangement, 
consisting  of  fou7'  glasses  of  different  focal 
distances,  which  shall  be  afterward  described. 
The  following  figures,  48,  49,  50,  represent 
the  manner  in  which  the  rays  of  light  are 
refracted  through  the  glasses  of  the  telescopes 
we  have  now  described.  Fig.  48  represents 
the  rays  of  light  as  they  pass  from  the  object 
to  the  eye  in  the  Gahlean  telescope.  After 
passing  in  a  parallel  direction  to  the  object- 
glass,  they  are  refracted  by  that  glass,  and 
undergo  a  slight  convergence  in  passing  to- 
wards the  concave  eyeglass,  where  they  enter 
the  eye  in  a  parallel  direction,  but  no  image 
is  formed  previous  to  their  entering  the  eye 
till  they  arrive  at  the  retina.     Fig.  49  repre- 


formed ;  they  then  proceed  diverging  to  the 
eyeglass,  where  they  are  rendered  parallel, 
and  enter  the  eye  in  that  direction.  Fig.  PO 
represents  the  rays  as  they  converge  find 
diverge  in  passing  through  the  four  glasses  of 
the  common  day-telescope  described  above. 
After  passing  through  the  object-glass,  they 
converge  towards  B,  where  the  first  image  is 
formed.  They  then  diverge  towards  the  first 
eyeglass,  where  they  are  rendered  parallel, 
and,  passing  through  the  second  eyeglass, 
they  again  converge  and  form  a  second  image 
at  O,  from  which  point  they  again  diverge, 
and,  passing  through  the  first  eyeglass,  enter 
the  eye  in  a  parallel  direction.  If  the  glasses 
of  these  telescopes  were  fixed  on  long  pieces 
of  wood,  at  their  proper  distances  from  each 
other,  and  placed  in  a  darkened  room,  when 
the  sun  is  shining,  the  beam  of  the  sun's  light 
would  pass  through  them  in  the  same  manner 
as  here  represented. 


SECTIOJiT  V. 


Fig.  48.        Fig.  49.       F%.  50. 


Telescope  formed  by  a  Single  Lens. 


This  is  a  species  of  telescope  altogether 
unnoticed  by  optical  writers,  so  far  as  I  know ; 
nor  has  the  property  of  a  single  lens  in  mag- 
nifying distant  objects  been  generally  adverted 
to  or  recognized.  It  may  not,  therefore,  be 
inexpedient  to  state  a  few  experiments  which 
I  have  made  in  relation  to  this  point.  When 
we  hold  a  spectacle-glass  of  a  pretty  long 
focal  distance — say  from  20  to  24  inches — 
close  to  the  eye,  and  direct  it  to  distant  ob- 
jects, they  do  not  appear  sensibly  magnified. 
But  if  we  hold  the  glass  about  12  or  16  inches 
from  our  eye,  we  shall  perceive  a  sensible  de- 
*gree  of  magnifying  power,  as  if  distant  objects 
were  seen  at  less  than  half  the  distance  at 
which  they  are  placed.  This  property  of  a 
spectacle-glass  I  happened  to  notice  when  a 
boy,  and  on  different  occasions  since  that 
period  have  made  several  experiments  on  the 
subject,  some  of  which  I  shall  here  relate. 

With  the  object-glass  of  a  common  refract- 
ing telescope,  4^  feet  focal  distance,  and  2^ 
inches  diameter,  I  looked  at  distant  objects — • 
my  eye  being  at  about  3^  feet  from  the  lens, 
or  about  10  or  12  inches  within  its  focus — and 
it  produced  nearly  the  same  effect  as  a  tele- 
scope which  magnifies  the  diameters  of  objects 
5  or  6  times.  With  another  lens,  1.1  feet 
focal  distance  and  4  inches  diameter,  standing 
.-s^nts  the  rays  as  they  pass  through  the  glasses  from  it  at  the  distance  of  about  ten  feet,  I 
ol  the  astronomical  telescope.  The  rays,  after  obtained  a  magnifying  power  of  about  13  or 
entering  the  object-glass,  proceed  in  a  con-  14  times,  which  enabled  me  to  read  the  letters 
verging  direction  till  they  arrive  at  its  focus  on  the  signposts  of  a  village  half  a  mile  dis- 
nbout   A,  where  an  image  of  the   object  is    tant.     Having  some  time  ago  procured  a  very 
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large  lens,  26  feet  focal  distance  and  ll^ 
inches  diameter,  I  have  tried  with  it  various 
experiments  of  this  kind  upon  .different  ob- 
jects. Standing  at  the  distance  of  about  25 
feet  from  it,  I  can  see  distant  objects  through 
it  magnified  about  26  times  in  diameter,  and 
consequently  676  times  in  surface,  and  re- 
markably clear  and  distinct,  so  that  I  can 
distinguish  the  hour  and  minute  hands  of  a 
public  clock  in  a  village  two  miles  distant. 
This  single  lens,  therefore,  answers  the  pur- 
pose of  an  ordinar}'-  telescope  with  a  power  of 
26  times.  In  making  such  experiments,  our 
eye  must  always  be  within  the  focus  of  the 
lens,  at  least  8  or  10  inches.  The  object 
will,  indeed,  be  seen  at  any  distance  from  the 
glass  within  this  limit,  but  the  magnifying 
power  is  diminished  in  proportion  as  we  ap- 
proach nearer  to  the  glass.  Different  eyes, 
too,  will  require  to  place  themselves  at  differ- 
ent distances,  so  as  to  obtain  the  greatest  de- 
gree of  magnifying  power  with  distinctness, 
according  as  individuals  are  long  or  short- 
sighted. 

This  kind  of  telescope  stands  in  no  need  of 
a  tube,  but  only  of  a  small  pedestal  on  which 
it  may  be  placed  on  a  table,  nearly  at  the 
height  of  the  eye,  and  that  it  be  capable  of  a 
motion  in  a  perpendicular  or  parallel  direction, 
to  bring  it  in  a  line  with  the  eye  and  the  ob- 
ject. The  principle  on  which  the  magnifying 
power  in  this  case  is  produced,  is  materially 
the  same  as  that  on  which  the  Galilean  tele- 
scope depends.  The  eye  of  the  observer 
serves  instead  of  the  concave  lens  in  that  in- 
strument ;  and  as  the  concave  lens  is  placed 
as  much  within  the  focus  of  the  object-glass  as 
is  equal  to  its  own  focal  distance,  so  the  eye, 
in  these  experiments,  must  be  placed  at  least 
its  focal  distance  within  the  focus  of  the  lens 
with  which  we  are  experimenting;  and  the 
magnifying  power  will  be  nearly  in  the  pro- 
portion of  the  focal  distance  of  the  lens  to  the 
focal  distance  of  the  eye.  If,  for  example,  the 
focal  distance  of  the  eye,  or  the  distance  at 
which  we  see  to  read  distinctly,  be  10  inches, 
and  the  focal  distance  of  the  lens  1 1  feet^  the 

Fig.  51. 
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magnifying  power  will  be  as  11  feet,  or  132 
inches  to  10,  that  is,  about  13  times.     Let  A 
(fig.  51)  represent  the  lens  placed  on  a  pedes- 
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tal ;  the  rays  of  light  passing  through  this 
lens  from  distant  objects  will  converge  towards 
a  focus  at  F.  If  a  person  then  place  his  eye 
at  E,  a  certain  distance  within  the  focal  point, 
he  will  see  distant  objects  magnified  nearly  in 
the  proportion  of  the  focal  distance  of  the  lens 
to  that  of  the  eye ;  and  when  the  lens  is  very 
broad— such  as  the  26  feet  lens  mentioned 
above— two  or  three  persons  may  look  through 
it  at  once,  though  they  will  not  all  see  the 
same  object.  I  have  alluded  above  to  a  lens 
made  by  M.  Azout  of  600  feet  focal  distance. 
Were  it  possible  to  use  such  a  lens  for  distant 
objects,  it  might  represent  them  as  magnified 
5  or  600  times,  without  the  application  of  any 
eyeglass.  In  this  way  the  aerial  telescope  of 
Huygens  would  magnify  objects  above  100 
times,  which  is  about  half  the  magnifying 
power  it  produced  with  its  eyepiece.  Sup- 
pose Azout's  lens  had  been  fitted  up  as  a  tele- 
scope, it  would  not  have  magnified  above  480 
times,  as  it  would  have  required  an  eyeglass 
of  14  or  16  inches  focal  distance,  whereas, 
without  an  eyeglass,  it  would  have  magnified 
objects  considerably  above  500  times.  It  is 
not  unlikely  that  the  species  of  telescope  to 
which  I  have  now  adverted  constituted  one  of 
those  instruments  for  magnifying  distant  ob- 
jects which  were  said  to  have  been  in  the 
possession  of  certain  persons  long  before  their 
invention  in  Holland,  and  by  Galileo  in  Italy, 
to  which  I  have  referred  in  p.  69.  Were 
this  kind  of  telescope  to  be  applied  to  the  celes- 
tial bodies,  it  would  require  to  be  elevated  upon 
a  pole  in  the  manner  represented  in  fig.  45, 
p.  83. 


Section  VI. 

The  Achromatic  Telescope. 

This  telescope  constitutes  the  most  import 
ant  and  useful  improvement  ever  made  upon 
telescopic  instruments,  and  it  is  probable  it 
will,  ere  long,  supersede  the  use  of  all  other 
telescopes.  Its  importance  and  util^^ty  will 
at  once  appear  when  we  consider  that  a  good 
achromatic  telescope  of  only  4  or  5  feet  in 
length  will  bear  a  magnifying  power  as  great 
as  that  of  a  common  astronomical  telescope 
100  feet  long,  and  even  with  a  greater  degree 
of  distinctness,  so  that  they  are  now  come  into 
general  use  both  for  terrestrial  and  celestial  ob- 
servations. There  are,  indeed,  certain  obstruc- 
tions which  prevent  their  being  made  of  a  very 
large  size ;  but  from  the  improvement  in  the 
manufacture  of  achromatic  glass  which  is 
now  going  forward,  it  is  to  be  hoped  that  the 
difficulties  which  have  hitherto  impeded  the 
progress  of  opticians  will  soon  be  removed.  In 
order  to  understand  the  nature  of  this  te^- 
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scope,  it  will  be  neceosary  to  advert  a  little  to 
&e  imperfections  connected  with  the  common 
refracting  telescopes. 

The  first  imperfection  to  which  I  allude  is 
this,  that  spherical  surfaces  do  not  refract  the 
rays  of  light  accurately  to  a  point ;  and  hence 
the  image  formed  by  a  single  convex  lens  is 
not  perfectly  accurate  and  distinct.  The  rays 
which  pass  near  the  extremities  of  such  a  lens 
meet  in  foci  nearer  to  the  lens  than  those 
which  pass  nearly  through  the  centre,  which 
may  be  illustrated  by  the  following  figure : 
Let  P  P  (fig.  53)  be  a  convex  lens,  and  E  e 


Fig.  52. 


an  object,  the  point  E  of  which  corresponds 
with  the  axis,  and  sends  forth  the  rays  E  31, 
E  N,  E  A,  &c.,  all  of  which  reach  the  sur- 
face of  the  glass,  but  in  different  parts.  It  is 
manifest  that  the  ray  E  A,  which  passes 
through  the  middle  of  the  glass,  suffers  no  re- 
fraction. The  rays  E  M,  E  31,  likewise,  which 
pass  through  near  to  E  A,  will  be  converged 
to  a  focus  at  P,  which  we  generally  consider 
as  the  focus  of  the  lens.  But  the  rays  E  iV, 
E  N,  which  are  nearer  to  the  edge  of  the 
glass,  will  be  differently  refracted,  and  will 
meet  about  G,  nearer  to  the  lens,  where  they 
will  form  another  image  G  g.  Hence  it  is  evi- 
dent that  the  first  image,  F  f  is  formed  only  by 
the  union  of  those  rays  w^hich  pass  very  near 
the  centre  of  the  lens ;  but  as  the  rays  of  light 
proceeding  from  every  point  of  an  object  are 
very  numerous,  there  is  a  succession  of  images 
formed,  according  to  the  parts  of  the  lens 
where  they  penetrate,  which  necessarily  pro- 
duces indistinctness  and  confusion.  This  is 
the  imperfection  which  is  distinguished  by  the 
name  of  spherical  aberration,  or  the  error 
arising  from  the  spherical  form  of  lenses. 

The  second  and  most  important  imperfec- 
tion of  sjiigle  lenses,  when  used  for  the  object- 
glasses  of  telescopes,  is,  that  the  rays  of  com- 
pounded  light  being  differently  refrangible, 
come  to  their  respective  foci  at  different  dis- 
tances from  the  glass;  the  more  refrangible 
fays,  as  the  violet,  converging  sooner  than 
those  which  are  less  refrangible,  as  the  7'ed.  I 
have  had  occasion  to  illustrate  this  circum- 
stance, when  treating  on  the  colours  produced 
by  the  prism,  see  p.  51,  and  figures  32  and 
Wd,)  and  it  is  confirmed  by  the  experiment  of 
a  paper  painted  red,  throwing  its  image,  by 
means  of  a  lens,  at  a  greater  distance  than 


another  paper  painted  blue.  From  such  facts 
and  experiments,  it  appears  that  the  image  of 
a  white  object  consists  of  an  indefinite  num- 
ber of  coloured  images,  the  violet  being  nearest, 
and  the  red  furthest  from  the  lens,  and  the 
images  of  intermediate  colours  at  intermediate 
distances.  The  aggregate,  or  image  itself, 
must  therefore  be  in  some  degree  confused ; 
and  this  confusion  being  much  increased  by 
the  magnifying  power,  it  is  found  necessary  to 
use  an  eyeglass  of  a  certain  limited  convexity 
to  a  given  object-glass.  Thus,  an  object-glass 
of  34  inches  focal  length  will  bear  an  eyeglass 
of  only  one  inch  focus,  and  will  magnify  the 
diameters  of  objects  34  times ;  one  of  50  feet 
focal  distance  will  require  an  eyeglass  of  4J 
inches  focus,  and  will  magnify  only  142  times ; 
whereas,  could  we  apply  to  it  an  eyeglass  of 
only  one  inch  focus,  as  in  the  former  case,  it 
would  magnify  no  less  than  600  times.  And 
were  we  to  construct  an  object-glass  of  100  feet 
focal  length,  we  should  require  to  apply  an 
eyeglass  not  less  than  six  inches  focus,  which 
would  produce  a  power  of  about  200  times  : 
so  that  there  is  no  possibiUty  of  producing  a 
great  power  by  single  lenses  without  extend- 
ing the  telescope  to  an  immoderate  length. 

Sir  Isaac  Newton,  after  having  made  his 
discoveries  respecting  the  colours  of  light,  con- 
sidered the  circumstance  we  have  now  stated 
as  an  insuperable  barrier  to  the  improvement 
of  refracting  telescopes,  and  therefore  turned 
his  attention  to  the  improvement  of  telescopes 
by  reflection.  In  ''he  telescopes  which  he  con- 
structed and  parl<(y  invented,  the  images  of 
objects  are  formed  by  reflection  from  speculuras 
or  mirrors  ;  and  being  free  from  the  irregular 
convergency  of  the  various  coloured  rays  of 
light,  will  admit  of  a  much  larger  apeiture  and 
the  application  of  a  much  greater  degree  of 
magnifying  power.  The  reflector  which  New- 
ton constructed  was  only  six  inches  long,  but 
it  was  capable  of  bearing  a  power  equal  to 
that  of  a  six  feet  refractor.  It  was  a  long 
time,  however,  after  the  invention  of  these 
telescopes,  before  they  were  made  of  a  size 
fitted  for  making  celestial  observations.  After 
reflecting  telescopes  had  been  some  time  in 
use,  Dollond  made  his  famous  discovery  of 
the  principle  which  led  him  to  the  construc- 
tion of  the  achromatic  telescope.  This  inven- 
tion consists  of  a  compound  object-glass 
formed  of  two  different  kinds  of  glass,  by 
which  both  the  spherical  aberration  and  the 
errors  arising  from  the  different  refrangibility 
of  the  rays  of  light  are  in  a  great  mea&ure  cor- 
rected. For  the  explanation  of  the  nature  of 
this  compound  object-glass  and  the  effects  it 
produces,  it  may  be  expedient  to  offer  the  fol- 
lowing remarks  respecting  the  dispersion  of 
light  and  its  refraction  by  different  substances. 

The  dispersion  of  light  is  estimated  by  tho 
3  Y  (806) 
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variable  angle  formed  by  the  red  and  violet 
fays  which  bound  the  solar  spectrum,  or, 
lather,  it  is  the  excess  of  the  refraction  of  the 
most  refrangible  ray  ab-^ve  that  of  the  least 
refrangible  ray.  The  dispersion  is  not  pro- 
portional to  the  refraction,  that  is,  the  sub- 
stances which  have  an  equal  mean  refraction 
do  not  disperse  light  in  the  same  ratio.  For 
example,  if  we  make  a  prism  with  plates  of 
glass,  and  fill  it  with  oil  of  cassia,  and  adjust 
its  refracting  angle,  A  C  B  (fig.  31,  p.^  51,) 
so  that  the  middle  of  the  spectrum  which  it 
forms  falls  exactly  at  the  same  place  where 
the  green  rays  of  a  spectrum  formed  by  a  glass 
prism  would  fall,  then  we  shall  find  that  the 
spectrum  formed  by  the  oil  of  cassia  prism  will 
be  two  or  three  times  longer  than  that  of  the 
glass  prism.  The  oil  of  cassia,  therefore,  is 
said  to  disperse  the  rays  of  light  more  than 
the  glass,  that  is,  to  separate  the  extreme  red 
and  violet  rays  at  0  and  P  more  than  the 
mean  ray  at  green,  and  to  have  a  greater  dis- 
persive power.  Sir  I.  Newton  appears  to 
have  made  use  of  prisms  composed  of  different 
substances,  yet,  strange  to  tell,  he  never  ob- 
served that  they  formed  spectrums  whose 
lengths  were  different  when  the  refraction  of 
the  green  ray  was  the  same,  but  thought  that 
the  dispersion  was  proportional  to  the  refrac- 
tion. This  error  continued  to  be  overlooked 
by  philosophers  for  a  considerable  time,  and 
was  the  cause  of  retarding  the  invention  of 
the  achromatic  telescope  for  more  than  50 
years. 

Dollond  was  among  the  first  who  detected 
this  error.  By  his  experiments  it  appears 
that  the  different  kinds  of  glass  differ  ex- 
tremely with  respect  to  the  divergency  of  co- 
lours produced  by  equal  refractions.  He  found 
that  two  prisms,  one  of  white  flint  glass, 
whose  refracting  angle  was  about  25  degrees, 
and  another  of  crown  glass,  whose  refracting 
angle  was  about  29  degrees,  refracted  the 
beam  of  light  nearly  alike,  but  that  the  diver- 
gency of  colour  in  the  white  flint  was  consi- 
derably more  than  in  the  crown  glass  ;  so  that 
when  they  were  applied  together,  to  refract 
contrary  ways,  and  a  beam  of  light  transmitted 
through  them,  though  the  emergent  continued 
parallel  to  the  incident  part,  it  was,  notwith- 
standing, separated  into  component  colours. 
From  this  he  inferred  that,  in  order  to  render 
the  emergeiJ  beam  white,  it  is  necessary  that 
the  refracting  angle  of  the  prism  of  crown 
glass  should  be  increased,  and  by  repeated 
experiments  he  discovered  the  exact  quantity. 
By  these  means  he  obtained  a  theory  in 
which  refraction  was  performed  without  any 
eeparation  or  divergertcy  of  colour,  and  thus 
the  way  was  prepared  for  applying  the  prin- 
Hple  he  had  ascertained  to  the  construction 
yf  the  object-glasses  of  refracting  telescopes. 
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For  the  edges  of  a  convex  and  concave  lentil 
when  placed  in  contact  with  each  other,  may 
be  considered  as  two  prisms  which  refract 
contrary  ways  ;  and  if  the  excess  of  refraction 
in  the  one  be  such  as  precisely  to  destroy  the 
divergency  of  colour  in  the  other,  a  colourless 
image  will  be  formed.  Thus,  if  two  lenses 
are  made  of  the  same  focal  length,  the  one  of 
flint  glass  and  the  other  of  crown,  the  lengtb 
or  diameter  of  the  coloured  image  in  the  first 
will  be  to  that  produced  by  the  crown  glass 
as  three  to  two  nearly.  Now  if  we  make  the 
focal  lengths  of  the  lenses  in  this  proportion, 
that  is,  as  three  to  two,  the  coloured  spectrum 
produced  by  each  will  be  equal.  But  if  the 
flint  lens  be  concave,  and  the  crown  convex, 
when  placed  in  contact  they  will  mutually 
correct  each  other,  and  a  pencil  of  white  light 
refracted  by  the  compound  lens  will  remain 
colourless. 

The  following  figure  may  perhaps  illustrate 
what  has  been  now  stated.  Let  L  L  (figo 
53)  represent  a  convex  lens  of  crown  glass <t 

Fig.  53. 


and  1 1  &  concave  lens  o^  flint  glass.  A  ray 
of  the  sun,  S,  falls  at  F  on  the  convex  lens, 
which  will  refract  it  exactly  as  the  prism  A  B 
C,  whose  faces  touch  the  two  surfaces  of  the 
lens  at  the  points  where  the  ray  enters  and 
quits  it.  The  solar  ray,  S  F,  thus  refracted 
by  the  lens  L  L,  or  prism  ABC,  would 
have  formed  a  spectrum,  P  T,  on  the  wall, 
had  there  been  no  other  lens,  the  violet  ray, 
F,  crossing  the  axis  of  the  lens  at  V,  and 
going  to  the  upper  end,  P,  of  the  spectrum? 
and  the  red  ray,  F  R,  going  to  the  lower  end, 
T.  But  as  the  flint  glass  lens  /  /,  or  the 
prism 'tI  a  C,  which  receives  the  rays  F  V,  F 
R,  at  the  same  points,  is  interposed,  these 
rays  will  be  united  at/,  and  form  a  small  cir- 
cle of  white  light ;  the  ray  S  F  of  the  sun 
being  now  refracted  without  colour  from  its 
primitive  direction  S  F  Y  into  the  new  direc- 
tion F  f.  In  like  manner,  the  corresponding 
ray  S  M  will  be  refracted  to  /,  and  a  white 
and  colourless  image  of  the  sun  will  be  there 
formed  by  the  two  lenses.  In  this  combina- 
tion of  lenses,  it  is  obvious  that  the  spherical 
aberration  of  the  flint  lens  corrects  to  a  con 
siderable  degree  that  of  the  crown  glass,  and 
by  a  proper  adjustment  of  the  radii  of  the  sur^ 
faces,  it  may  be  almost  wholly  removed.    This 
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error  is  still  more  completely  corrected  in  the 
tripk  achromatic  object-glass,  which  consists 
of  three  lenses — a  concave  flint  lens  placed 
between  convexes  of  crown  glass.  Fig.  54 
shows  the  double  achromatic  lens,  and  fig.  55 
the  triple  object-glass,  as  they  are  fitted  up  in 


their  cells,  and  placed  at  the  object-end  of  the 
telescope.  In  consequence  of  their  producing 
a  focal  image  free  of  colour,  they  will  bear  a 
much  larger  aperture  and  a  much  greater 
magnifying  power  than  common  refracting 
telescopes  of  the  same  length.  While  a  com- 
mon telescope  whose  object-glass  is  3^  feet 
focal  distance  will  bear  an  aperture  of  scarcely 
one  inch,  the  3^-  feet  achromatic  will  bear  an 
aperture  of  3^  inches,  and  consequently  trans- 
mits 10|  times  the  quantity  of  light.  While 
the  one  can  bear  a  magnifying  power  of  only 
about  36  times,  the  other  will  bear  a  magnify- 
ing power  for  celestial  objects  of  more  than 
200  times. 

The  theory  of  the  achromatic  telescope  is 
somewhat  complicated  and  abstruse,  and  would 
require  a  more  lengthened  invaetigation  than 
my  limits  will  permit.  But  what  has  been 
already-  stated  may  serve  to  give  the  reader  a 
general  idea  of  the  principle  on  which  it  is 
constructed,  which  is  all  I  intended.  The 
term  achromatic,  by  which  such  instruments 
are  now  distinguished,  was  first  given  to  them 
by  Dr.  Bevis.  It  is  compounded  of  two 
Greek  words  which  signify  "  free  of  colour." 
And  were  it  not  that  even  philosophers  are 
not  altogether  free  of  that  pedantry  which 
induces  us  to  select  Greek  words  which  are 
isnintelhgible  to  the  mass  of  mankind,  they 
might  have  been  contented  with  selecting  the 
plain  English  word  colour y>s,  which  is  as 
significant  and  expressive  as  the  Greek  word 
achromatic.  The  crown  glass,  of  which  the 
convex  lenses  of  this  telescope  are  made,  is 
the  same  as  good  common  window  glass  ;  and 
the  flint  glass  is  that  species  of  glass  of  which 
wine-glasses,  tumblers,  decanters,  and  similar 
articles  are  formed,  and  is  sometimes  distin- 
piishfcd  by  the  name  of  crystal  glass.     Some 


opticians  have  occasionally  formed  the  con- 
cave lens  of  an  achromatic  object-glass  from 
the  bottom  of  a  broken  tumbler. 

This  telescope  was.  invented  and  constructed 
by  Mr.  John  Dollond  about  the  year  1758. 
When  he  began  his  researches  into  this  sub- 
ject, he  was  a  silk  weaver  in  Spitalfields, 
London.  The  attempt  of  the  celebrated  Eu- 
ler  to  form  a  colourless  telescope,  by  including 
water  between  two  meniscus  glasses,  attracted 
his  attention,  and  in  the  year  1753  he  ad- 
dressed a  letter  to  Mr.  Short,  the  optician, 
which  was  published  in  the  Philosophical 
Transactions  of  London,  "  concerning  a  mis- 
take in  Euler's  theorem  for  correcting  the 
aberrations  in  the  object-glasses  of  refracting 
telescopes."  After  a  great  variety  of  experi- 
ments on  the  refi-active  and  dispersive  powers 
of  different  substances,  he  at  last  constructed 
a  telescope  in  which  an  exact  balance  of  the 
opposite  dispersive  powers  of  the  crown  and 
flint  lenses  made  the  colours  disappear,  while 
the  predominating  refraction  of  the  crown 
lens  disposed  the  achromatic  rays  to  meet  at 
a  distant  tocus.  In  constructing  such  object- 
glasses,  however,  he  had  several  difficulties  to 
encounter.  In  the  first  place,  the  focal  dis- 
tance as  well  as  the  particular  surfaces  must 
be  very  nicely  proportioned  to  the  densities  or 
refractive  powers  of  the  glasses,  which  are 
very  apt  to  vary  in  the  same  sort  of  glass 
made  at  different  times.  In  the  next  place, 
the  centres  of  the  two  glasses  must  be  placed 
truly  in  the  common  axis  of  the  telescope, 
otherwise  the  desired  effect  will  be  in  a  great 
measure  destroyed.  To  these  difficulties  is  to 
be  added,  that  there  are  four  surfaces  (even 
in  double  achromatic  object-glasses)  to  be 
wrought  perfectly  spherical ;  and  every  per- 
son practised  in  optical  operations  will  allow 
that  there  must  be  the  greatest  accuracy 
throughout  the  whole  work.  But  these  and 
other  difficulties  were  at  length  overcome  by 
the  judgment  and  perseverance  of  this  inge- 
.nious  artist. 

It  appears,  however,  that  Dollond  was  not 
the  only  person  who  had  the  merit  of  making 
this  discovery — a  private  gentleman,  Mr. 
Chest,  of  Chest  Hall,  a  considerable  number 
of  years  before,  having  made  a  f-irnilar  dis- 
covery, and  applied  it  to  the  same  purpose. 
This  fact  was  ascertained  in  the  course  of 
a  process  raised  against  Dollond,  at  the 
instance  of  Watkins,  optician  at  Charing 
Cross,  when  applying  for  a  patent.  But  as 
the  other  gentleman  had  kept  his  invention  a 
secret,  and  Dollond  had  brought  it  forth  for 
the  benefit  of  the  public,  the  decision  was 
given  in  his  favour.  There  was  no  evidence 
that  Dollond  borrowed  the  idea  from  his  com- 
petitor, and  both  were,  to  a  certain  extent,  cK" 
titled  to  the  merits  of  the  mvention. 
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One  of  the  greatest  obstructions  to  the  con- 
struction of  large  achromatic  telescopes  is  the 
difficulty  of  procuring  large  disks  of  flint 
glass  of  a  uniform  refractive  density,  of  good 
colour,  and  free  from  veins.  It  is  said  that, 
fortunately  for  Mr.  Dollond,  this  kind  of 
glass  vi^as  procurable  v^hen  he  began  to  make 
achromatic  telescopes,  though  the  attempts  of 
ingenious  chemists  have  since  been  exerted  to 
make  it  without  much  success.  It  is  also 
said  that  the  glass  employed  by  Dollond  in 
the  fabrication  of  his  best  telescopes  was  of 
the  same  melting,  or  made  at  the  same  time, 
and  that,  excepting  this  particular  treasure, 
casually  obtained,  good  dense  glass  for  achro- 
matic purposes  was  always  as  difficult  to  be 
procured  as  it  is  now.  The  dispersion  of  the 
flint  glass,  too,  is  so  variable,  that,  in  forming 
an  achromatic  lens,  trials  on  each  specimen 
require  to  be  made  before  the  absolute  pro- 
portional dispersion  of  the  substances  can  be 
ascertained.  It  is  owing  in  a  great  measure, 
to  these  circumstances  that  a  large  and  good 
achromatic  telescope  cannot  be  procured  un- 
less at  a  very  high  price.  Mr.  Tulley,  of  Is- 
lington— who  has  been  long  distinguished  as  a 
maker  of  excellent  achromatic  instruments — ■ 
showed  me,  about  six  years  ago,  a  rude  piece 
of  flint  glass  about  five  inches  diameter,  in- 
tended for  the  concave  lens  of  an  achromatic 
object-glass,  for  which  he  paid  eight  guineas. 
This  was  before  the  piece  of  glass  was  either 
figured  or  pohshed,  and,  consequently,  he  had 
still  to  perform  the  delicate  operation  of  figur- 
ing, polishing,  and  adjusting  this  concave  to 
the  convex  lenses  with  which  it  was  to  be 
combined ;  and,  during  the  process,  some 
veins  or  irregularities  might  be  detected  in  the 
flint  glass  which  did  not  then  appear.  Some 
years  before,  he  procured  a  disk  of  glass  from 
the  Continent,  about  seven  or  eight  inches 
diameter,  for  which  he  paid  about  thirty 
guineas,  with  which  an  excellent  telescope, 
twelve  feet  focal  length,  was  constructed  for 
the  Astronomical  Society  of  London.  It  is 
obvious,  therefore,  that  large  achromatic  tele- 
scopes must  be  charged  at  a  pretty  high  price. 
In  order  to  stimulate  ingenious  chemists  and 
opticians  to  make  experiments  on  this  subject, 
the  Board  of  Longitude,  more  than  half  a 
century  ago,  offe7'ed  a  considerable  reward  for 
bringing  the  art  of  making  good  flint  glass  for 
optical  purposes  to  the  requisite  .perfection. 
But  considerable  difficulties  arise  in  attempt- 
ing improvements  of  this  kind,  as  the  expe- 
riments must  all  be  tried  on  a  very  large  scale, 
and  are  necessarily  attended  with  a  heavy 
expense ;  and,  although  government  has 
been  extremely  liberal  in  voting  mone}'-  for 
warlike  purposes,  and  in  bestowing  pensions 
on  those  who  stood  in  no  need  of  them,  it  has 
thrown  an  obstruction  in  the  way  of  such  ex- 
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periments,  by  the  heavy  duty  of  excise,  which 
is  rigorously  exacted,  whether  the  glass  be 
manufactured  hito  saleable  articles  or  not,  and 
has  thus  been  instrumental  in  retarding  the 
progress  of  improvement  and   discovery.     It 
would   appear  that  experiments  of  this  kind 
have    been,  attended  with   more   success  in 
France,  Germany,   and  other  places  on  the 
Continent   than  in  Britain,  as   several  very 
large  achromatic   telescopes   have   been   con- 
structed in  those  countries   by  means  of  flint 
glass,  which  was  cast  for   the  purpose  in  dif- 
ferent  manufactories,   and  to   which   British 
artists  have  been  considerably  indebted,  as  the 
London  opticians  frequently  purchase  their 
largest  disks  of  flint  glass  from  Parisian  agents. 
Guinaud,    a    Continental  experimenter,  and 
who  was  originally  a  cabinetmaker,  appears 
to  have  had  his  labours  in  this  department  of 
art  crowned  with  great  success.     Many  years 
were  employed  in  his  experiments,  and  he  too 
frequently,  notwithstanding  all  his   attention, 
discovered  his  metal  to  be  vitiated  by  striae, 
specks,  or  grains,  with  come  tic  tails.    He  con- 
structed a  furnace  capable  of  melting  two  cwt. 
of  glass  in  one  mass,  which  he  sawed  verti- 
cally, and  polished  one  of  the  sections,  in  order 
to  observe  what  had  taken  place  during  the 
fusion.     From   time  to  time,  as  iu;  obtained 
blocks  including  portions  of  good  glass,  his 
practice  was  to  separate  them  by  sawing  the 
blocks  into  horizontal  sections,  or  perpendicu- 
lar to  their  axes.     A  fortunate  accident  con- 
ducted him  to  a  better   process.     While  his 
men  were   one  day  carrying  a  block  of  this 
glass  on  a  handbarrow  to  a  sawmill  which 
he  had  erected  at  the  Fall  of  the  Doubs,  the 
mass  slipped  from  its  bearers,  and  rolling  to 
the  bottom  of  a  steep  and  rocky  declivity,  was 
broken  to  pieces.     Guinaud  having  selected 
those  fragments  which  appeared  perfectly  ho- 
mogeneous, softened  them  in  circular  moulds 
in  such  a  manner,  that,  on  cooling,  he  obtained 
disks  that  were  afterwards   fit  for  working. 
To  this  method  he  adhered,  and  contrived  a 
way  for  clearing  his   glass  while  cooling,  so 
that  the  fractures  should  follow  the  most  faulty 
parts.     When  flaws  occurred   in    the  large 
masses,  they  were  removed  by  cleaving  the 
pieces  with  wedges ;  then  smelting  them  again 
in  moulds,  which  gave  them  the    form    of 
disks.     The  Astronomical  Society  of  London 
have  made  trial  of  disks  made  by  Guinaud, 
and   have  •  found  them  entirely  homogeneous 
and  free  from  fault.     Of  this  ingenious  artist's 
flint    glass    some   of  the    largest  achromatic 
telescopes  on  the  Continent  have  been  con° 
structed.     Bvit  it  is  more  than  twenty  years 
since  this  experimenter  took  his  flight  from 
this   terrestrial    scene,    and   it   is    uncertain 
whether  his  process  be  still  carried  on  with 
equal  success. 
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NOTICES  OF  ACHROMATIC  TELESCOPES.  gj 

NQiices  of  somp.  large  Achromatic  Telescopes  London  Astronomical  Society,  procured  of  M. 
on  the  Continent  and  in  Great  Britain.  Cauchoix,  of  Paris,  an  achromatic  object-glass 
1     'T/     71         4^7                n^w    ■             ^  °^  ^1  2-10  inches  clear  aperture,  and  of  19 
1.   The  JDorpat  Telescope.— This  is  one  of  feet  focal  length.     The  flint  glass  employed 
tne  largest  and  most  expensive  refracting  tele-  in  its  construction  was  the  manufacture  of 
scopes  ever  constructed.     It  was  made  by  the  the  late  Guinaud  le  Pere,  and  was  found  to 
celebrated  Fraunhofer,  of  Munich,  for  the  ob-  be  absolutely  perfect.     The  first  observation 
servatory  of  the  Imperial  University  of  Dor-  was  made  with  this  telescope  while  on  a  tern- 
pat,  and  was  received  into  the  observatory  by  porary  stand,  on  Feb.  13,  1830,  when  Sir  J 
Professor  Struve    in  the   year   1825.      The  Herschel  discovered  with  it  a  sixth  star  in 
aperture  of  the  object-glass  of  this  telescope  is  the  trapezium  in  the  nebula  of  Orion,  whose 
E     "?  r.  '''''\''''  ^"^"^  '^  ■   '?^':'  ^'''^^  ^^""^^^  brightness  was  about  one  third  of  that  of  the 
about  14  feet,  the  mam  tube  being  13  French  fifth  star  discovered  by  Struve,  which  is  as 
feet,  exclusive   of  the  tube  which  holds  the  distinctly  seen  as  the  companion  to  Polaris  is 
eyepieces.     The  smallest  of  the  four  magnify-  in  a  five  feet  achromatic.   Sir  James  gives  the 


ini 


^nn^T-""?  '.^  PO/««sses  f  175,  and  the  largest    following  notices  of  the  performance  of  this 

/OO,  which,  m  favourable  weather,  is  said  to    instrument  on  the  morning  of  May  14   1830 

present  the  object  with  the  utmost  precision.    "At  half  past  two  placed  the  20  feet'achro- 

"  I  his  instrument,     says  Struve,  "was  sold    matic  on  the  Georgium  Sidus,  saw  it  with  a 

0  us  by  Privy-counsel  or  Vo^  UTZcimEiDEn,    power  of  346,  a  beautiful  planetary  disk;  not 

the  chief  of  the  optical  estabhshment  at  Mu-    the  slightest  suspicion  of  any  ring,  either  per- 

nich,  for    0,500  florms  (about  £950  sterling,)    pendicular  or  horizontal ;  but  the  planet  three 

a  price  which  only  covers  the  expenses  which    hours  east  of  the  meridian,   and   the  moon 

fhe    estabhshment   mcurred    in  making   it."    within   three   degrees  of  the   planet.     At  a 

Iheframeworkof  the  stand  of  this  telescope    quarter   before    three,   viewed   Jupiter   with 

IS  of  oak,  miaid  with  pieces  of  mahogany  in    252  and  346,  literally  covered  with  belts,  and 

an  ornamental  manner,  and  the  tube  is  of  deal    the   diameters   of  his   sateHites   might   have 

ve^neered  with  mahogany  and  highly  polished,    been   as   easily  measured   as   himself.     One 

1  he  whole  weight  of  the  telescope   and    its    came  from  behind  the  body,  and  the  contrast 

counterpoises  is  supported  at  one  point,  at  the    of  the  colour  with  that  of  the  planet's  limb 

common  centre  of  gravity  of  all  its  parts ;  and    was  striking.    At  three  o'clock,  viewed  iMars, 

though    these  weigh  3000    Russian   pounds,    The  contrast  of  light  in  the  vicinity  of  the 

yet  we  are  told  that  this  enormous  telescope    poles  very  decided.    Several  spots  on  his  body 

may  be  turned  m  every  direction  towards  the    well    and   strongly   marked;   that  about  the 

heavens  with  more  ease  and   certamty  than    south  pole  seems  to  overtake  the  body  of  the 

any  other  hitherto  m  use.     When  the  object    pknet,  and  gives  an  appearance  not  unlike 

end  ot  the  telescope  is  elevated  to  the  ze-    that  afforded    by  the   new  moon,   familiarly 

nith,  it  IS  sixteen  feet  four  inches,  Paris  mea-    known  as  '  the  old  moon  in  the  moon's  arms.' " 

sure,_  above  the  floor,  and  its  eye  end  in  this    Saturn  has  been  repeatedly  seen  with  powers 

position  IS  two  feet  nine  mches  high.     This    from    130  to   928,  under  circumstances  the 

instrument  is  mounted  on  an  equatorial  stand,    most  favourable ;  but  not  any  thing  anomalous 

and  clockwork  is   apphed  to  the  equatorial    about  the  planet  or  its  ring  could   even  be 

axis,  which    gives   it  a  smooth  and  regular    suspected.     This  telescope  is  erected  on  an 

sidereal  motion,  which  it  is  said,  keeps  a  star    equatorial  stand,  at  Sir  J.  South's  observatory, 

m  the  exact  centre  of  the  field  of  view,  and    Kensington. 

produces  the  appearance  of  a  state  of  rest  in  3.  Captain  Smyth's  Telescope  in  his  pri^ 
the  starry  regions,which  motion  can  be  made  vate  ohservatory  at  Bedford.—Thh  achro- 
solar,  or  even  lunar,  by  a  httle  change  given  matic  telescope  is  8^  feet  focal  length,  with  a 
to  the  place  of  a  pointer  that  is  placed  as  an  clear  aperture  of  5  9-10  inches,  worked  by  the 
index  on  the  dial  plate.  Professor  Struve  late  Mr.  Tulley,  senior,  fi'om  a  disk  purchased 
considers  the  optical  powers  of  this  telescope  by  Sir  James  South  at  Paris.  It  is  considered 
superior  to  those  of  Schroeter's  twenty-five  by  Captain  Smyth  to  be  the  finest  specim(m 
feet  reflector,  fi-om  having  observed  cr  Orionis  of  that  eminent  optician's  skill,  and,  it  is  said, 
with  fifteen  companions,  though  Schroeter  will  bear  with  distinctness  a  magnifying  power 
observed  only  twelve  that  he  could  count  with  of  1200.  Its  distinctness  has  been  proved  by 
certainty.  Nay,  he  seems  disposed  to  place  the  clear  vision  it  gives  of  the  ob.-care  nebulae 
it  m^  competition  with  the  late  Sir  W.  Her-  and  of  the  companions  cf  Polaris,  Rigel, 
schel  s  forty-feet  reflector.  The  finder  of  this  a  Lyrse,  and  the  most  minute  double  stars— the 
telescope  has  a  focal  distance  of  30  French  lunar  mountahis,  cavities,  and  shadows  under 
inches,  and  2-42  aperture.  all  powers— the  lucid  polar  regions  of  Mars— 

3.    Sir  James   South's   Telescope.— About   the  sharpness  of  the  double  ring  of  Saturn— 
i\\Q  year  1829,  Sir  J.  South,  President  of  the    the  gibbous  aspect  of  Venus— the  shadows  of 

3yS  (809] 
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Jupiter's  satellites  across  his  body,  and  the 
splendid  contrast  of  colours  in  a  Hercules, 
y  Andromedse,  and  other  superb  double  stars. 

Other  large  Ach7vmatics.— Besides  the 
above,  the  following,  belonging  to  public  ob- 
servatories and  private  individuals,  may  be 
mentioned.  Ln  the  Royal  Observatory  at 
Greenv^ich  there  is  an  achromatic  of  10  feet 
focal  distance,  having  a  double  object-glass  5 
inches  diameter,  which  was  made  by  Mr. 
Peter  DoUond,  and  the  only  one  of  that  size 
he  ever  constructed.  There  is  also  a  46  inch 
achromatic,  with  a  triple  object-glass  3|  inches 
aperture,  which  is  said  to  be  the  most  perfect 
instrument  of  the  kind  ever  produced.  It  was 
the  favourite  instrument  of  Dr.  Maskelyne, 
late  astronomer  royal,  who  had  a  small  room 
fitted  up  in  the  observatory  for  this  telescope. 
The  observatory  some  years  ago  erected  near 
Cambridge  is,  perhaps,  the  most  splendid 
structure  of  the  kind  in  Great  Britain.  It  is 
furnished  with  several  very  large  achromatic 
telescopes  on  equatorial  machinery;  but  the 
achromatic  telescope  lately  presented  to  it  by 
the  Duke  of  Northumberland  is  undoubtedly 
the  largest  instrument  of  this  description 
which  is  to  be  found  in  this  country.  The 
object-glass  is  said  to  be  25  feet  focal  distance, 
and  of  a  corresponding  diameter ;  but  as  there 
was  no  access  to  this  instrument  at  the  time  I 
visited  the  observatory,  nearly  six  years  ago, 
I  am  unable  to  give  a  particular  description 
of  it.  In  the  Royal  Observatory  at  Paris, 
which  I  visited  in  1837,  I  noticed,  among 
other  instruments,  two  very  large  achromatic 
telescopes,  which,  measuring  them  rudely  by 
the  eye,  I  estimated  to  be  from  15  to  18  feet 
long,  and  the  aperture  at  the  object  end  from 
12  to  15  inches  diameter.  They  were  the 
largest  achromatics  I  had  previously  seen ;  but 
I  could  find  no  person  in  the  observatory  at 
that  time  who  could  give  me  any  information 
as  to  their  history,  or  to  their  exact  dimen- 
sions or  powers  of  magnifying.* 

The  Rev.  Dr.  Pearson,  Treasurer  to  the 
Astronomical  Society  of  London,  is  in  posses- 
sion of  the  telescope  formerly  alluded  to,  made 
by  Mr.  TuUey,  of  twelve  feet  focal  distance 
and  seven  inches  aperture,  which  is  said  to  be 
a  very  fine  one.  The  small  star  which  ac- 
companies the  pole-star,  with  a  power  of  100, 
appears  through  this  telescope  as  distinct  and 
steady  as  one  of  Jupiter's  satellites.  With  a 
single  lens  of  6  inches  focus,  which  produced 
a  power  of  24  times,  according  to  the  testimony 
of  an  observer  who  noticed  it,  the  small  star 
appeared  as  it  does  in  an  achromatic  of  3  inches 
aperture,  which  shows  the  great  effect  of  illu- 

*  An  achromatic  telescope  is  said  to  be  in  pos- 
Bession  of  Mr.  Cooper,  M.P.  for  Sligo,  which  is  26 
feet  long,  and  the  diameter  of  the  object-glass  14 
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minating  power  in  such  instruments.  Mf 
Lawson,  a  diligent  astronomical  observer  ir: 
Hereford,  possesses  a  most  beautiful  achro- 
matic telescope  of  about  7  inches  aperture 
and  12  feet  focal  distance,  which  was  made 
by  one  of  the  Dollonds,  who  considered  it  as 
his  chef  d^ceuvre.  It  is  said  to  bear  powers 
as  high  as  1100  or  1400,  and  has  been  fitted 
up  with  mechanism,  devised  by  Mr.  Lawson 
himself,  so  as  to  be  perfectly  easy  and  manage- 
able to  the  observer,  and  which  displays  this 
gentleman's  inventive  talent.  In  several  of 
his  observations  with  this  instrument,  he  is 
said  to  have  had  a  view  of  some  of  the  more 
mnmte  subdivisions  of  the  ring  of  Saturn.  A 
very  exellent  achromatic  telescope  was  fitted 
up  some  years  ago  by  my  worthy  friend 
William  Bridges,  Esq.,  Blackheath.  Its  ob- 
ject glass  is  5^  inches  diameter,  and  about 
5^  feet  focal  length.  It  is  erected  upon  equa- 
torial machinery,  and  placed  in  a  circular 
observatory  which  moves  round  with  a  slight 
touch  of  the  hand.  The  object-glass  of  this 
instrument  cost  about  200  guineas ;  the  equa- 
torial machinery  on  which  it  is  mounted  cost 
150  guineas;  and  the  circular  observatory  in 
which  it  is  placed  about  100  guineas,  in  all 
450  guineas.  Its  powers  vary  from  50  to  300 
times.-f- 
Achromatic  Telescopes  of  a  moderate  size. 
Such  telescopes  as  I  have  alluded  to  above 
are  among  the  largest  which  have  yet  been 
made  on  the  achromatic  principle;  they  are, 
of  course,  comparatively  rare,  and  can  be 
afforded  only  at  a  very  high  price.  Few  of 
the  object-glasses  in  the  telescopes  to  which  I 
have  referred  would  be  valued  at  less  than 
200  guineas,  independently  of  the  tubes,  eye- 
pieces, and  other  apparatus  with  which  they 
are  fitted  up.  It  is  so  difficult  to  procure 
large  disks  of  flint  glass  for  optical  purposes, 
to  produce  the  requisite  curves  of  the  different 
lenses,  and  to  combine  them  together  with 
that  extreme  accuracy  which  is  requisite,  that, 
when  a  good  compound  lens  of  this  descrip- 
tion is  found  perfectly  achromatic,  the  opti- 
cian must  necessarily  set  a  high  value  upon 
it,  since  it  may  happen  that  he  may  have 
finished  half  a  dozen  before  he  has  got  one 
that  is  nearly  perfect.  The  more  common 
sizes  of  achromatic  telescopes  for  astronomical 
purposes,  which  are  regularly  sold  by  the 
London  opticians,  are  the  following: 

1.  The  2^  feet  Achromatic. — This  tele- 
scope has  an  object-glass  30  inches  in  focal 
length,  and  2  inches  clear   aperture.     It  ig 

\  This  telescope,  which  was  made  by  Dollond 
with  a  power  of  2!0  times,  gives  a  Iteauriful  view 
of  the  belts  of  Jupiter,  and  the  double  rinj?  of  Ba- 
turn,  and  with  a  power  of  50  the  stars  in  the  milky 
way  and  some  of  the  nebulse  appear  very  numerous 
and  brilliant.  Its  owner  is  a  gentleman  who  unites 
science  with  Christianity. 
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generally  furnished  with  two  eyepieces,  one 
for  terrestrial  objects,  magnifying  about  30  or 
35  times,  and  one  for  celestial  objects,  with  a 
power  of  70  or  75  times.  It  might  be  fur- 
nished with  an  additional  astronomical  eye- 
piece, if  the  object-glass  be  a  good  one,  so  as 
to  produce  a  power  of  90  or  95  times.  With 
such  a  telescope,  the  belts  and  satellites  of 
Jupiter,  the  phases  of  Venus,  and  the  ring  of 
Saturn  may  be  perceived,  but  not  to  so  much 
advantage  as  with  larger  telescopes.  It  is 
generally  fitted  up  either  with  a  mahogany  or 
ft  brass  tube,  and  is  placed  upon  a  tripod  brass 
stand,  with  a  universal  joint  which  produces 
R  horizontal  and  vertical  motion.  It  is  packed, 
along  with  the  eyepieces  and  whatever  else 
belongs  to  it,  in  a  neat  mahogany  box.  Its 
price  varies  according  as  it  is  furnished  with 
ill  elevating  rack  or  other  apparatus. 

The  following  are  the  prices  of  this  instru- 
ment, as  marked  in  the  catalogue  of  Mr. 
Pulley,  Terrett's  Court,  Islington,  London. 

£    s.  d. 

2^  feet  telescopes,  brass  mounted 
on  plain  pillar  and  claw  stand,  with 
1  eyepiece  for  astronomical  pur- 
poses and  1  for  land  objects,  to  vary 
the  magnifying  power,  packed  in  a 
mahogany  box     .         .         .         .     10  10  0 

Ditto,  ditto,  brass  mounted  on 
pillar  and  claw  stand,  with  ele- 
vating rack,  1  eyepiece  for  astro- 
nomical purposes,  and  1  for  land 
objects,  to  vary  the  magnifying 
power,  packed  in  a  mahogany  box     12  12  0 

The  following  prices  of  the  same  kind  of 
telescope  are  from  the  catalogue  of  Messrs. 
W.  and  S.  Jones,  30  Lower  Holborn,  London. 

£    s.  d. 

The  improved  2^  feet  achromatic 
refractor,  on  a  brass  stand,  ma- 
hogany tube,  with  three  eyepieces, 
two  magnifying  about  40  and  50 
times  for  terrestrial  objects,  and  the 
other  about  75  times  for  astronomi- 
cal purposes,  in  a  mahogany  case       10   10  0 

Ditto,  ditto,  the  tube  all  brass, 
with  three  eyepieces     .         .         .11110 

Ditto,  ditto,  with  vertical  and 
horizontal  rack-work  motions         .     15   15  0 

2.  The  3^  feet  Achromatic  Telescope* — - 
The  object-glass  of  this  telescope  is  from  44 
to  46  inches  focal  length,  and  2|  inches  diame- 
ter. It  is  generally  furnished  with  four  eye- 
pieces, two  for  terrestrial  and  two  for  celestial 
objects.  The  lowest  power  for  land  objects  is 
generally  about  45,  which  affords  a  large  field 
of  view,  and  exhibits  the  objects  with  great 
brilliance.  The  other  terrestrial  power  is 
usually  from  65  to  70.  The  astronomical 
powers  are  about  80  and   130.;  but  such  a 


telescope  should  always  have  another  eye- 
piece, to  produce  a  pov/er  of  180  or  200 
times,  which  it  will  bear  with  distinctness,  in 
a  serene  state  of  the  atmosphere,  if  the  obj(;ct- 
glass  be  truly  achromatic.  The  illuminatmg 
power  in  this  telescope  is  nearly  double  that 
of  the  2^  feet  telescope,  or  in  the  proportion 
of  7.56  to  4,  and  therefore  it  will  bear  about 
double  the  magnifying  power  with  nearly 
equal  distinctness.  This  telescope  is  fitted 
up  in  a  manner  somewhat  similar  to  the 
former,  with  a  tripod  stand  which  is  placed 
upon  a  table.  Sometimes,  however,  it  is 
mounted  on  a  long  mahogany  stand  which 
rests  upon  the  floor  (as  in  fig.  58,)  and  is 
fitted  with  an  equatorial  motion;  and  has 
generally  a  small  telescope  fixed  near  the  eye 
end  of  the  large  tube,  called  a  finder^  which 
serves  to  direct  the  telescope  to  a  particular 
object  in  the  heavens  when  the  higher  powers 
are  applied.  It  is  likewise  eHgible  that  it 
should  have  an  elevating  rack  and  sliding 
tubes,  for  supporting  the  eye  end  of  the  in- 
strument, to  keep  it  steady  during  astronomi- 
cal observations,  and  it  would  be  an  advan- 
tage, for  various  purposes  which  shall  be 
afterward  described,  to  have  fitted  to  it  a 
diagonal  eyepiece  magnifying  40  times  or 
upward. 

The  prices  of  this  instrument,  as  marked  in 
Mr.  Tulley's  catalogue,  are  as  follows : 

£    s.  d. 

The  3^  feet  achromatic  telescope, 
2|  inches  aperture,  on  plain  pillar 
and  claw  stand,  2  eyepieces  for 
astronomical  purposes  and  1  for 
land  objects,  to  vary  the  magnify- 
ing power,  packed  in  a  mahogany 
box     ,         .         .         .         .         .     21     0  0 

Ditto,  ditto,  with  elevating  rack 
and  achromatic  finder,  2  eyepieces 
for  astronomical  purposes  and  1 
for  day  objects,  to  vary  the  magni- 
fying power,  packed  in  a  mahogany 
box     .         .         .         .         .         .     26     5  0 

The  following  are  the  prices  as  marked  in 
Messrs.  W.  and  S.  Jones's  catalogue : 

£    s.  d. 

The  3|  feet  achromatic,  plain 
mahogany  tube    .         .         .         ,18   18  0 

Ditto,  ditto,  brass  tube       ,         .2100 

Ditto,  all  in  brass,  with  rack- 
work  motions,  &c.        .         .         .     26     5  0 

Ditto,  the  object-glass  of  the 
largest  aperture,  and  the  rack-work 
motions  on  an  improved  princi- 
ple     .         .        from  £37  16^.  to     42     0  0 

Ditto,  fitted  up  with  equatorial 
motion,  framed  mahogany  standi 
divided  altitude  and  azimuth  arches, 
or  declination  and  right  ascension 
circles,  &c.,  &c.,        from  £60  to     80     0  0 
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This  is  the  telescope  which  I  would  par- 
ticularly recommend  to  astronomical  amateurs, 
whose  pecuniary  resources  do  not  permit 
them  to  purchase  more  expensive  instruments. 
W  hen  fitted  up  with  the  eyepieces  and  powers 
already  mentioned,  and  with  a  finder  and  ele- 
vating rack — price  25  guineas — it  will  serve 
all  the  purposes  of  general  observation.  By 
this  telescope  satisfactory  views  may  be  ob- 
tained of  most  of  the  interesting  phenomena 
of  the  heavens — such  as  the  spots  on  the  sun' 
—the  mountains,  vales,  and  caverns  on  the 
lunar  surface — the  phases  of  Mercury  and 
Venus — the  spots  on  Mars — the  satellites  and 
belts  of  Jupiter— the  ring  of  Saturn — many 
of  the  more  interesting  nebulte,  and  most  of 
the  double  stars  of  the  second  and  third 
classes.  When  the  object-glass  of  this  tele- 
scope is  accurately  figured  and  perfectly 
achrom.atic,  a  power  of  from  200  to  230  may 
be  put  upon  it,  by  which  the  division  of 
Saturn's  ring  might  occasionally  be  perceived. 
It  is  more  easily  managed,  and  represents  ob- 
jects considerably  brighter  than  reflecting  tele- 
scopes of  the  same  price  and  magnifying 
power,  and  it  is  not  so  apt  to  be  deranged  as 
reflectors  generally  are.  A  telescope  of  a  less 
size  would  not,  in  general,  be  found  satisfac- 
tory for  viewing  the  objects  I  have  now  speci- 
fied, and  for  general  astronomical  purposes.  It 
may  not  be  improper,  for  the  information  of 
some  readers,  to  explain  what  is  meant  in  Mr. 
Tulley's  catalogue  when  it  is  stated  that  this 
H instrument  "has  one  eyepiece  for  day  objects, 
to  vary  the  magnifying  'powerP  The  eye- 
piece alluded  to  is  so  constructed,  that  by 
drawing  out  a  tube  next  the  eye  you  may  in- 
crease the  power  at  pleasure,  and  make  it  to 
vary  say  from  40  to  80  or  100  times ;  .so  that 
«uch  a  construction  of  the  terrestrial  eyepiece 
(to  be  afterward  explained)  serves,  in  a  great- 
measure,  the  purpose  of  separate  eyepieces. 
The  whole  length  of  the  3^  feet  telescope, 
when  the  terrestrial  eyepiece  is  applied,  is 
about  4^  feet  from  the  object-glass  to  the  first 
eyeglass. 

When  the  aperture  of  the  object-glass  of 
this  telescope  exceeds  2-J  inches,  its  price 
rapidly  advances. 

The  following  is  Mr.  Tulley's  scale  of 
prices,  proportionate  to  the  increase  of  aper- 
ture : 

£    s.  d. 

3^  feet  telescopes,  ^\  inches  aper- 
ture, with  vertical  and  horizontal 
rack-work  motions,  achromatic 
finder,  3  eyepieces  for  astronomi- 
cal purposes,  and  one  for  day  ob- 
jects, to  vary  the  magnifying  power, 
packed  in  a  mahogany  box  .     42     0  0 

Ditto,  ditto,  3|  inches  diameter, 
mounted  as  abova         .         .         .     68     5  0 
(812) 


£    a.   i 
Ditto,  with  universal  equatorial 
instead  of  pillar  and  claw  stand     .     84     0  0 

Here,  in  the  one  case,  the  increase  of  half 
an  inch  in  the  diameter  of  the  object-glass 
adds  about  £16  to  the  expense,  and  in  the 
other  case  no  less  than  £26  5s.  The  propor- 
tion oi  iight  in  those  two  telescopes,  compared 
with  that  of  2 j  inches  aperture,  is  as  follows  ; 
The  square  of  the  2J  object-glass  is  7.56; 
"that  of  3i,  10.56  ;  and  that  of  the  3|,  14.06  • 
so  that  the  light .  admitted  by  the  3^  com- 
pared with  the  2|  aperture  is  nearly  as  10  to 
7 ;  and  the  light  admitted  by  the  3|  object- 
glass  is  nearly  double  that  of  the  2|-  aperture, 
and  will  bear  nearly  a  proportional  increase  of 
magnifying  power. 

3.  The  5  feet  Achromatic  Telescope, — 
The  focal  length  of  the  object-glass  of  this 
telescope  is  5  feet  3  inches,  and  the  diameter 
of  its  aperture  3  8-10  inches.  The  usual 
magnifying  powers  applied  to  it  are,  for  land 
objects  65  times,  and  for  celestial  objects  110, 
190,  250,  and  sometimes  one  or  two  higher 
powers.  The  quantity  of  hght  it  possesses  is 
not  much  larger  than  that  of  the  3^  feet  tele- 
scope, with  3|  inches  aperture  ;  but  the  larger 
focal  length  of  this  telescope  is  considered  to 
be  an  advantage,  since  the  longer  the  focus  of 
the  object-glass,  the  less  will  be  its  chromatic 
and  spherical  aberrations,  and  the  larger  may 
be  the  eyeglasses,  and  the  flatter  the  field  of 
view. 

The  following  are  the  prices  of  these  tele- 
scopes, as  marked  in  Mr.  Tulley's  catalogue : 

£    s.  d. 

5  feet  telescopes,  3}  inches  aper- 
ture, on  a  universal  equatorial  stand, 
with  achromatic  finder,  4  eye- 
pieces for  astronomical  purposes 
and  1  for  day  objects,  to  vary  the 
magnifying  power,  packed  in  a 
mahogany  box  100  guineas  to  157  10  0 

7  feet  ditto,  5  inches  aperture, 
on  a  newly  improved  universal 
equatorial  stand,  6  eyepieces  for 
astronomical  purposes  and  1  for 
day  objects,  to  vary  the  magnifying 
power,  with  achromatic  finder  and 
Troughton's  micrometer        .         .  207     5  0 

The  above  are  all  the  kinds  of  achromatic 
telescopes  ge7ierally  made  by  the  London  op- 
ticians. Those  of  the  larger  kind,  as  5  and  7 
feet  telescopes,  and  the  3^  feet  with  3  J  inches 
aperture,  are  generally  made  to  order,  and  are 
not  always  to  be  procured.  But  the  2^  and 
3^  feet  achromatics  of  2J  inches  aperture  are 
generally  to  be  found  ready  made  at  most  of 
the  opticians'  shops  in  the  metropolis.  The 
prices  of  these  instruments  are  nearly  the 
same  in  most  of  the  opticians'  shops  in  Lon 
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don.  Some  of  them  demand  a  higher  price, 
but  few  of  them  are  ever  sold  lower  than  what 
has  been  stated,  unless  in  certain  cases  where 
a  discount  is  allowed. 

The  stands  for  these  telescopes,  and  the 
manner  in  which  they  are  fitted  up  for  ob- 
Bervation,  is  represented  in  figures  57,  58,  and 
59      Fig.  ^7  represents  either  the  2^  or  the 

Fig  57 


3^  feet  telescopes,  mounted  on  a  plain  brass 
stand,  to  be  placed  on  a  table,  A  is  the  long 
eyepiece  for  land  objects,  and  B  the  small 
eyepiece  for  astronomical  observation,  which 
is  composed  of  two  lenses,  and  represents  the 
object  in  an  inverted  position.  These  eye- 
pieces are  screwed  on,  as  occasion  requires,  at 
E,  the  eye  end  of  the  telescope.  The  shorter 
of  the  two  astronomical  eyetubes  which  ac- 
company this  telescope  produces  the  highest 
magnifying  power.  For  adjusting  the  tele- 
scope to  distinct  vision,  there  is  a  brass  knob 
or  button  at  a,  which  moves  a  piece  of  rack- 
work  connected  with  the  eyetube,  which  must 
be  turned  either  one  way  or  the  other  till  the 
object  appears  distinctly,  and  different  eyes 
frequently  require  a  different  adjustment. 

Fig.  58  represents  a  5  feet  telescope  fitted 
up  for  astronomical  observations.  It  is 
mounted  on  a  mahogany  stand,  the  three  legs 
of  which  are  made  to  close  up  together  by 
means  of  the  brass  frame  a  a  a,  which  is 
composed  of  three  bars,  connected  with  three 
joints  in  the  centre,  and  three  other  joints, 
lormected  with  the  three  mahogany  bars.     It 


is  furnished  with  an  apparatus  for  equatorial 
motions.  The  brass  pin  is  made  to  move 
round  in  the  brass  socket  b,  and  may  be 
tightened  by  means  of  the  fmger  screw  c?, 
when  the  telescope  is  directed  nearly  to  the 
object  intended  to  be  viewed.  This  socket 
may  be  set  perpendicular  to  the  horizon,  or  to 
any  other  required  angle ;  and  the  quantity 

Fig.  58. 


of  the  angle  is  ascertained  by  the  divided  arc, 
and  the  instrument  made  fast  in  that  position 
by  the  screw  e.  If  this  socket  be  set  to  the  lati- 
tude of  the  place  of  observation,  and  the  plane  of 
this  arc  be  turned  so  as  to  be  in  the  plane  of  the 
meridian,  the  socket  b  being  fixed  to  the  in- 
clination of  the  pole  of  the  earth,  the  tele- 
scope, when  turned  in  this  socket,  will  have 
an  equatorial  motion,  so  that  celestial  objects 
may  be  always  kept  in  view  when  this  equa- 
torial motion  is  performed.  The  two  bandies 
at  k,  are  connected  with  rack-work,  intended 
to  move  the  telescope  in  any  required  direc- 
tion. The  two  sets  of  brass  sliding  rods,  i  i, 
are  intended  to  render  the  telescope  as  steady 
as  possible,  and  to  elevate  and  depress  it  at 
pleasure,  and  are  so  constructed  as  to  slide 
into  each  other  with  the  utmost  ease. 

The  finder  is  placed  at  A  E,  either  on  the 
top  or  the  left  side  of  the  tube  of  the  telescope. 
When  high  magnifying  powers  are  applied 
to  any  telescope,  it  is  sometimes  difficult,  on 
account  of  the  smallness  of  the  field  of  view, 
to  direct  the  main  tube  of  the  telescope  to  the 
object.  But  the  finder,  which  is  a  telescope 
with  a  small  power,  and  consequently  has  a 
large  field  c  f  view,  when  directed  to  any  ob- 
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ject,  it  is  easily  found,  and  being  brought  to 
the  centre  of  the  field,  where  two  cross-hairs 
hitersect  each  other,  it  will  then  be  seen  in 
the  larger  telescope.  B  is  the  eyetube  for 
terrestrial  objects,  containing  four  glasses,  and 
C  one  of  the  astronomical  eyepieces.  A 
socket  is  represented  at  g,  containing  a  stained 
glass,  which  is  screwed  to  any  of  the  eye- 
pieces, to  protect  the  eye  from  the  glare  of 
light,  when  viev/ing  the  spots  of  the  sun. 
The  brass  nut  above  /  is  intended  for  the  ad- 
justment of  the  eyepiece  to  distinct  vision. 
The  3|^  feet  telescope  is  sometimes  mounted 
'.n  this  form. 
Fig.  59  represents  a  5  or  6  feet  telescope, 

Fig.  59. 


mounted  on  a  stand  of  a  new  construction  by 
Dollond.  It  possesses  the  advantage  of  sup- 
porting the  telescope  in  two  places,  which 
renders  it  extremely  steady,  a  property  of 
great  importance  when  viewing  celestial  ob- 
jects with  high  magnifying  powers.     It  pos- 


sesses, hkewise,  the  advantage  of  enabling 
the  observer  to  continue  seated  at  the  same 
height  from  the  floor,  although  the  telescope 
be  raised  to  any  altitude,  tJie  elevation  being 
entirely  at  the  object  end,  although  it  may 
be  changed  from'  the  horizon  to  the  zenith. 
The  framework  is  composed  of  bars  of  maho- 
gany, and  rests  on  three  castors,  two  of  which 
are  made  fast  to  their  respective  legs  in  the 
usual  way,  and  the  third  stands  under  the 
middle  of  the  lower  horizontal  bar  that  con-> 
nects  the  two  opposite  legs,  so  that  the  frame 
has  all  the  advantages  of  a  tripod.  As  it  be- 
comes very  inconvenient  to  stoop  to  the  eye 
end  of  a  telescope  when  the  altitude  of  an 
object  is  considerable,  and  the  centre  of  motion 
at  the  middle  of  the  tube,  this  construction  of 
a  stand  serves  to  remedy  such  inconvenience« 

Proportions  of  Curvature  of  the  Lewises 
which  form  an  achromatic  Object-glass. 
As  some  ingenious  mechanics  may  feel  a 
desire  to  attempt  the  construction  of  a  com- 
pound achromatic  object-glass,  I  shall  here 
state  some  of  the  proportions  of  curvature  of 
the  concave  and  convex  lenses  which  serve  to 
guide  opticians  in  their  construction  of  achro- 
matic instruments.  These  proportions  are 
various ;  and  even  when  demonstrated  to  be 
mathematically  correct,  it  is  sometimes  diffi- 
cult to  reduce  them  to  practice,  on  account  of 
'  the  different  powers  of  refraction  and  disper- 
sion possessed  by  different  disks  of  crown  and 
jQint  glass,  and  of  the  difficulty  of  producing 
by  mechanical  means  the  exact  curves  which 
theory  requires.  <,  The  following  table  shows 
the  radi  of  curvature  of  the  different  surfaces 
of  the  lenses  necessary  to  form  a  double 
achromatic  object-glass,  it  being  supposed  that 
the  sine  of  refraction  in  the  crown-glass  is  as 
1.528  to  I,  and  in  the  flint  as  1.5735  to  1, 
the  ratio  of  their  dispersive  powers  being  as 
1  to  1.524.  It  is  also  assumed  that  the  cur- 
vatures of  the  concave  lens  are  as  1  to  3,  that 
is,  that  the  one  side  of  this  lens  is  ground  on 
a  tool,  the  radius  of  which  is  double  that  of 
the  other.  The  1st  column  expresses  the 
compound  focus  of  the  object-glass  in  inches  / 
the  2d  column  states  the  radius  of  the  anterior 
surface  of  the  crown,  and  column  3d  its  pos- 
terior side.  Column  4th  expresses  the  radius 
of  the  ante;ior  surface  of  the  concave  lens,  and 
column  5th  its  posterior  surface,  which,  it  will 
be  observed,  is  exactly  double  that  of  the  other: 


(814; 


Focus  in 

Radius  of  anterior 

Radius  of  posterior 

Radius  of  anterior 

Radius  of  posterior 

inches. 

surfice,  convex. 

surface. 

surface,  concave. 

surface. 

Inc.       Dec. 

Inc.        Dec. 

Inc.        Dec. 

Inc.        Dec. 

12 

3 

4.       652 

4.      171 

8.        342 

24 

6 

9.      304 

8.      342 

16.      684 

30 

7.      5 

11.      63 

10.      428 

20.      856 

36 

9 

13.      956 

12.      513 

25.      027 

48 

12 

18.      608 

16.       684 

33.       369 

60 

15 

23.       260 

20.       856 

41.       712 

130 

30 

46.       520 

41.       712 

83.       424 
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Piom  the  preceding  table  ft  will  be  seen  that,  concave  is  less  than  the  posterior  side  of  the 

^o  construct,  for  example,  a  30  inch  compound  convex,  and  consequently  admits  of  its  ap- 

object-glass,  the  radius  of  the  anterior  side  of  proach,  without  touching  in  the   centre — a 

the  crown  must  be  7^  inches,  and  that  of  the  circumstance  which  always  requires    to    he 

posterior  side  11.63  inches;  the  radius  of  the  guarded  against  in  the  combination  of  achro- 

anterior  surface  of  the  concave  10.428,  and  matic  glasses.     Tlie    following    table  shows 

that  of  the  posterior  20.856  inches.     It  may  the  radii  of  curvature  of  the  lenses  of  a  triple 

be  proper  to  observe,  that  in  these  computa-  object-glass,  calculated  from  formula  deduced 

tions,  the  radius  of  the  anterior  surface  of  the  by  Dr.  Robison,  of  Edinburgh : 


Focal 
length. 


Inches. 

6 
9 

12 
18 
24 
30 
36 
42 
48 
54 
60 


Convex  lens  of  crown  glass. 


Inc.  Dec. 

4.  54 

6.  83 

9.  25 

13.  67 

18.  33 

22.  71 

27.  33 

31.  87 

36.  42 

40.  96 

45.  42 


Inc.  Dec, 

3.  03 

4.  56 
6,  17 
9.  12 

12.  25 

15.  16 

18,  25 

21.  28 

24.  33 

27.  36 

30.  33 


Concave  lens  of  flint  glass. 

Inc.    Dec. 

Inc.     Dec. 

3.     03 

6.     36 

4.     56 

9.     54 

6.     17 

12.    75 

9.     12 

19.     08 

12.     25 

25.     60 

15.     16 

31.    79 

18.    25 

38.     17 

21.     28 

44.    53 

24.     33 

50.     92 

27.     36 

57.    28 

30.     33 

63.    58 

Convex  lens  of 


The  following  table  contains  the  proportions  of  curvature  said  to  be  employed  by  the  Lr»n« 
(Ion  opticians : 


Focal 

length. 

Inches. 

Convex  of  crov/n  glass. 

Radius  of  both  the  surfaces 
of  the  concave  of  flint  glass. 

Convex  lens  of  crown  glass. 

Inc. 

Dec. 

Inc.    Dee, 

Inc.    Dec. 

Inc. 

Dec. 

Inc.     Dec. 

6 

3. 

77 

4.     49 

3.      47 

3. 

77 

4.     49 

9 

5. 

65 

6.     74 

5.     21 

5. 

65 

6.    74 

22 

7. 

54 

8.     99 

6.     95 

7. 

54 

8.     99 

13 

11. 

30 

13.     48 

10.     42 

11. 

30 

13.     48 

24 

15. 

08 

17.     98 

13.     90 

15. 

08 

17.     98 

36 

22. 

61 

26.     96 

20.     84 

22. 

61 

26.     96 

42 

26. 

38 

31.     45 

24.     31 

26. 

38 

31.     45 

48 

30. 

16 

35.     96 

27.     80 

30. 

16 

35.     96 

54 

33. 

91 

40.     45 

31.     27 

33. 

91 

40.     45 

60 

37. 

68 

44.     94 

34.    74 

37. 

68 

44.     94 

From  this  table  it  appears  that  the  two 
convex  lenses  have  the  same  radii  of  their  re- 
spective sides,  and  that  the  concave  flint  lens 
has  its  two  surfaces  equally  concave,  so  that 
a  triple  object-glass  formed  according  to  these 
proportions  would  require  only  three  pair  of 
grinding  tools.  The  following  are  the  curves 
of  the  lenses  of  one  of  the  best  of  Dollond's 
achromatic  telescopes,  the  focal  length  of  the 
compound  object-glass  being  46  inches. 
Reckoning  from  the  surface  next  the  object, 
the  radii  of  the  crown  glass  were  28  and  40 
inches ;  the  concave  lens  20.9  inches,  and  the 
iniif  I  crown  glass  lens  28.4  and  28.4  inches. 
This  telescope  carried  magnifying  powers  of 
from  100  to  200  times.     ^   -   " 

Although  I  have  inserted  the  above  tables, 
which  might,  in  some  measure,  guide  an  in- 
genious artist,  yet,  on  the  whole,  a  private 
amateur  has  little  chance  in  succeeding  in 
such  attempts.  The  diversity  of  glasses,  and 
the  uncertainty  of  an  unpractised  workman's 
producing  the  precise  curvature  he  intends, 
is  so  great,  that  the  object-glass,  for  the  most 
part,  turns  out  different  from  his  expectations. 
The  great  difRcultv  in  the  construction  is  to 


find  the  exact  proportion  of  the  dispersive 
powers  of  the  crown  and  flint  glass.  The 
crown  is  pretty  constant,  but  there  are  hardly 
two  pots  of  flint  glass  which  have  the  same 
dispersive  power.  Even  if  constant,  it  is 
difficult  to  measure  it  accurately;  and  an 
error  in  this  greatly  affects  the  instrument, 
because  the  focal  distances  of  the  lenses  must 
be  nearly  as  their  dispersive  powers."'  In  the 
two  preceding  tables,  the  sine  of  incidence  in 
the  crown  glass  is  supposed  to  be  to  the  sine 
of  refraction  as  1.526  to  1 ;  and  in  the  flint 
glass,  as  1.604  to  1.  ,  Opticians  who  make 
great  numbers  of  lenses,  both  of  flint  and 
crown  glass,  acquire,  in  time,  a  pretty  good 
guess  of  the  nature  of  the  errors  which  may 
remain  after  they  have  finished  an  object- 
glass;  and  having  many  lenses  intended  to  be 
of  the  same  form,  but  unavoidably  differing  a 
little  from  it,  they  try  several  of  the  concaves 
with  the  two  convexes,  and  finding  one  better 
than  the  rest,  they  make  use  of  it  to  complete 
the  set."'  In  this  way  some  of  the  best  achro- 
matic telescopes  are  frequently  formed.  I 
have  sometimes  found,  when  supplying  a 
concave  flint  glass  to  a  telescope  where  it 
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happencQ  to  be  wanting,  that,  of  four  or  five 
concave  lenses  which  appeared  to  be  the  same 
as  to  curvature  and  other  properties,  only  one 
was  found  to  produce  a  distinct  and  colourless 
image.  Should  any  one,  however,  wish  to 
attempt  the  construction  of  an  achromatic 
lens,  the  best  way  for  preventing  disappoint- 
ments in  the  result  is  to  procure  a  variety  of 
tables  of  the  respective  curvatures  founded 
on  different  conditions,  and  which,  of  course, 
require  the  surfaces  of  the  several  lenses  to 
be  of  different  curves.  Having  lenses  of  dif- 
ferent radii  at  his  command,  and  having  glass 
of  different  refractive  or  dispersive  powers, 
when  one  combination  does  not  exactly  suit, 
he  may  try  another,  and  ultimately  may  suc- 
ceed in  constructing  a  good  achromatic  tele- 
scope ;  for,  in  many  cases,  it  has  been  found 
that  chance,  or  a  happy  combination  of  lenses 
by  trial,  has  led  to  the  formation  of  an  excel- 
lent object-glass. 

Achromatic  Telescopes  composed  of  fluid 
Lenses. 

The  best  achromatic  telescopes,  when 
minutely  examined,  are  found  to  be  in  some 
respects  defective,  on  account  of  that  slight 
degree  of  colour  which,  by  the  aberration  of 
the  rays,  they  give  to  objects,  unless  the  ob- 
ject-glass be  of  small  diameter.  When  we 
examine  with  attention  a  good  achromatic 
telescope,  we  fmd  that  it  does  not  show  white 
or  luminous  objects  perfectly  free  from  colour, 
their  edges  being  tinged  on  one  side  with  a 
claret  coloured  fringe,  and  on  the  other  with 
a  green  fringe.  This  telescope,  therefore,  re- 
quired further  improvement,  to  get  rid  of  these 
secondary  colours,  and  Father  Boscovieh,  to 
whom  every  branch  of  optics  is  much  indebted, 
displayed  much  ingenuity  in  his  attempts  to 
attain  this  object.  But  it  is  to  Dr.  Blair, 
professor  of  astronomy  in  Edinburgh,  that  we 
are  chiefly  indebted  for  the  first  successful 
experiments  by  which  this  end  was  accom- 
plished. By  a  judicious  set  of  experiments, 
he  proved  that  the  quality  of  dispersing  the 
rays  in  a  greater  degree  than  crown  glass  is 
not  confined  to  a  few  mediums,  but  is  pos- 
sessed by  a  great  variety  of  fluids,  and  by  some 
of  these  in  a  most  extraordinary  degree. 
Having  observed  that  when  the  extreme  red 
and  violet  rays  were  perfectly  united,  the 
green  were  left  out,  he  conceived  the  idea  of 
making  an  achromatic  concave  lens  which 
should  refract  the  green  less  than  the  united 
red  and  violet,  and  an  achromatic  convex  lens 
which  should  do  the  same  ;  and  as  the  con- 
cave lens  refracted  the  outstanding  green  to 
the  axis,  while  the  concave  one  refracted  them 
from  the  axis,  it  followed  that,  by  a  combina- 
tion of  these  two  opposite  effects,  the  green 
would  be  united  with  the  red  and  violet. 
(816; 


By  means  of  an  ingenious  prismatic  appa- 
ratus, he  examined  the  optical  properties  of  a 
great  variety  of  fluids.  The  solutions  of  metals 
and  semi-metals  proved  in  all  cases  more  dis- 
persive than  crown  glass.  Some  of  the  salts, 
such  as  sal  ammoniac,  greatly  increased  the 
dispersive  power  of  water.  The  marine  acid 
disperses  very  considerably,  and  this  quality 
increases,  with  its  strength.  The  most  dis- 
persive fluids  were  accordingly  found  to  be 
those  in  which  this  acid  and  the  metals  were 
combined.  The  chemical  preparation  called 
causticum  antimoniale,  or  butter  of  antimony, 
in  its  most  concentrated  state,  when  it  has 
just  attracted  sufficient  humidity  to  render  it 
fluid,  possesses  the  quality  of  dispersing  the 
rays  in  an  astonishing  degree.  The  great 
quantity  of  the  semi-metal  retained  in  solu- 
tion, aiid  the  highly  concentrated  state  of  the 
marine  acid,  are  considered  as  the  cause  of 
this  striking  effect.  Corrosive  sublimate  of 
mercury,  added  to  a  solution  of  sal  ammoni- 
acum  in  water,  possesses  the  next  place  to 
the  butter  of  antimony  among  the  dispersive 
fluids  which  Dr.  Blair  examined.  The  es- 
sential oils  were  found  to  hold  the  next  rank 
to  metallic  solutions  among  fluids  which  pos- 
sess the  dispersive  quality,  particularly  those 
obtained  from  bituminous  minerals,  as  native 
petrolea,  pit  coal,  and  amber.  The  dispersive 
power  of  the  essential  oil  of  sassafras,  and  the 
essential  oil  of  lemons,  when  genuine,  were 
found  to  be  not  much  inferior  to  any  of  these. 
But  of  all  the  fluids  fitted  for  optical  purposes, 
Dr.  Blair  found  that  the  muriatic  acid  mixea 
with  a  metallic  solution,  or,  in  other  words, 
a  fluid  in  which  the  marine  acid  and  metal- 
line particles  hold  a  due  proportion,  most  ac- 
curately suited  his  purpose.  In  a  spectrum 
formed  by  this  fluid,  the  green  were  among 
the  most  refrangible  rays ; 
and  when  its  dispersion 
was  corrected  by  that  of 
f  E  glass,  there  was  produced  an 
inverted  secondary  spec- 
trum, that  is,  one  in  which 
the  green  was  above,  when 
it  would  have  been  below 
with  a  common  medium.  He 
therefore  placed  a  concave 
lens  of  muriatic  acid  with 
a  metallic  solution  between 
the  two  lenses,  as  in  fig. 
60,  where  A  B  is  the  con- 
cave fluid  lens,  C  F  a. 
plano-convex  lens,  with  its 
plane  side  next  the  object, 
and  E  D  a  meniscus. 
With  this  object-glass  the 


rays 


of    different   colours 


were  bent  from  their  rectilineal  course  with 
the  same  equality  and  regularity  as  in  reflection. 
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Telescopes  constructed  with  such  object- 
glasses  were  examined  by  the  late  Dr.  Robi- 
son  and  Professor  Playfair.  The  focal  dis- 
tance of  the  object-glass  of  one  of  these  did 
not  exceed  17  inches,  and  yet  it  bore  an 
aperture  of  3^  inches.  They  viewed  some 
single  and  double  stars  and  some  common 
objects  with  this  telescope,  and  found  that,  in 
magnifying  power,  brightness,  and  distinct- 
ness, it  was  manifestly  superior  to  one  of  Mr. 
Dollond's  of  42  inches  focal  length.  They 
had  most  distinct  vision  of  a  stuv,  when  using 
an  erecting  e^/epiece,  which  made  this  tele- 
scope magnify  more  than  100  times,  and  they 
found  the  field  of  vision  as  uniformly  distinct 
as  with  Dollond's  42  inch  telescope,  magnify- 
ing 46  times,  and  were  led  to  admire  the  nice 
figuring  and  centring  of  the  very  deep  eye- 
glasses which  were  necessary  for  this  amplifi- 
cation. They  saw  double  stars  with  a  degree 
of  perfection  which  astonished  them.  These 
telescopes,  however,  have  never  yet  come  into 
general  use ;  and  one  reason,  perhaps,  is,  that 
they  are  much  more  apt  to  be  deranged  than 
telescopes  constructed  of  object-glasses  which 
are  solid.  If  any  species  of  glass,  or  other 
solid  transparent  substance  could  be  found 
with  the  same  optical  properties,  instruments 
might  perhaps  be  constructed  of  a  larger  size, 
and  considerably  superior  to  our  best  achro- 
matic telescopes.*  It  is  said  that  Mr.  Blair, 
the  son  of  Dr.  Blair,  some  years  ago  engaged 
in  prosecuting  his  father's  views,  but  I  have 
not  heard  any  thing  respecting  the  result  of  h^ 
investigations. 

Bariow^s  Refracting  Telescope  ivith  a  Jluid 
concave  Lens. 

Professor  Barlow,  not  many  years  ago,  sug- 
gested a  new  fluid  telescope,  which  is  deserv- 
ing of  attention,  and  about  the  year  1829 
constructed  one  of  pretty  large  dimensions. 
The  fluid  he  employs  for  this  purpose  is  the 
sulphuret  of  carbon^  which  he  found  to  be  a 


substance  which  possessed  every  requisite  he 
could  desire.  Its  index  is  nearly  the  same  as 
that  of  the  best  flint  glass,  with  a  dispersive 
power  more  than  double.  It  is  perfectly  co- 
lourless, beautifully  transparent,  and,  although 
very  expansible,  possesses  the  same,  or  very 
nearly  the  same,  optical  properties  under  all 
circumstances  to  which  it  is  likely  to  be  ex- 
posed in  astronomical  observations,  except, 
perhaps,  direct  observations  on  the  solar  disk, 
which  will  probably  be  found  inadmissible. 
Mr.  Barlow  first  constructed  an  object-glass 
with  this  fluid  of  3  inches  aperture,  with 
which  he  could  see  the  small  star  in  Polaris 
with  a  power  of  46,  and  with  the  higher 
powers  several  stars  which  are  considered  to 
require  a  good  telescope,  for  example,  70,  p 
Ophinchi,  39  Booiis,  the  quadruple  star  « 
Lyrae,  ^  Aquarii,  a  Herculis,  &c.  H'e  next 
constructed  a  6  inch  object-glass.  With  this 
instrument,  the  small  star  in  Polaris  is  so  dis- 
tinct and  brilliant,  with  a  power  of  143,  that 
its  transit  might  be  taken  with  the  utmost 
certainty.  As  the  mode  of  constructing  these 
telescopes  is  somewhat  novel,  it  may  be  ex- 
pedient to  enter  somewhat  into  detail. 

In  the  usual  construction  of  achromatic 
telescopes,  the  two  or  three  lenses  composing 
the  object-glass  are  brought  into  immediate 
contact;  and  in  the  fluid  telescope  of  Dr. 
Blair,  the  construction  was  the  same,  the  fluid 
having  been  inclosed  in  the  object-glass  itself. 
But  in  Mr.  Barlow's  telescope,  the  fluid  cor- 
recting lens  is  placed  at  a  distance  from  the 
plate  lens  equal  to  half  its  focal  length ;  and 
it  might  be  carried  still  further  back,  and  yet 
possess  dispersive  power  to  render  the  object- 
glass  achromatic.  By  this  means,  the  fluid 
lens,  which  is  the  most  difficult  part  of  the 
construction,  is  reduced  to  one-half,  or  to  less 
than  one-half  of  the  size  of  the  plate  lens ; 
consequently,  to  construct  a  telescope  of  10 
or  12  inches  aperture  involves  no  greater 
difficulty  in  the  manipulation  than  in  making 


Fig.  61. 


a  telescope  of  the  usual  description  of  5  or  6 
inches  aperture,  except  in  the  simple  plate  lens 
itself;  and,  hence,  a  telescope  of  this  kind  of 
10  or  12  feet  length  will  be  equivalent  in  its 

*  For  a  more  particular  account  of  Dr.  Blair's 
instruments  and  experiments,  the  reader  is  re- 
ferred to  his  Dissertation  on  this  subject  in  vol. 
ii.  of  the  "  Transactions  of  the  Royal  Society  of 
Edinburgh,"  which  occupies  76  pages,  or  to  Ni- 
cholson's ".Journal  of  Natural  Philosophy,"  &c., 
auarto  sQiies,  vol.  i.  April— September,  1797. 
103 


focal  power  to  one  of  16  or  20  feet.  By  this 
means  the  tube  may  be  shortened  several  feet^ 
and  yet  possess  a  focal  power  more  consider- 
able than  could  be  conveniently  given  to  it  on 
the  usual  principle  of  construction.  This  will 
be  better  understood  from  the  above; dia- 
gram (fig.  61.) 

In  this  figure  A  B  C  D  represent  the  tiibe. 
of  the  6  inch  telescope,  C  D  the  plate  object- 
glass,  F  the  first  focus  of  rays,  d  e  the  fluid 
3  Z  (S-L7) 
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concave  h^ins,  distant  from  the  former  24 
inches ;  the  focal  length  M  F  being  48,  and, 
consequently,  as  48 :  6  :  ;  24  :  3  inches,  the 
diameter  of  the  fluid  lens.  The  resulting 
compound  focus  is  62.5  inches.  It  is  obvious, 
therefore,  that  the  rays  df,  ef,  arrive  at  the 
focus  under  the  same  convergency,  and  w^ith 
the  same  light  as  if  they  proceeded  from  a 
lens  of  six  inches  diameter,  placed  at  a  dis- 
tance beyond  the  object-glass  C  D  (as  G  ff,) 
determined  by  producing  those  rays  till  they 
meet  the  sides  of  the  tube  in  G  H,  namely,  at 
fe2.5  inches  beyond  the  fluid  lens.  Hence,  it 
is  obvious,  the  rays  will  converge  as  they 
would  do  from  an  object  glass,  G  H,  of  the 
usual  kind  with  a  focus  of  10  feet  5  inches. 
We  have  thus,  therefore,  shortened  the  tube 
38.5  inches,  or  have  at  least  the  advantage  of 
a  focus  38.5  inches  longer  than  our  tube ;  and 
the  same  principle  may  be  carried  much  fur- 
ther, so  as  to  reduce  the  usual  length  of  re- 
fracting telescopes  nearly  one  half,  without 
increasing  the  aberration  in  the  first  glass  be- 
yond the  least  that  can  possibly  belong  to  a 
telescope  of  the  usual  kind  of  the  whole 
length.  It  should  likewise  be  observed,  that 
the  adjustment  for  focus  may  be  made  either 
in  the  usual  way  or  by  a  slight  movement  of 
the  fluid  lens,  as  in  the  Gregorian  Reflectoi's, 
by  means  of  the  small  speculum. 

Mr.  Barlow  afterward  constructed  another 
larger  telescope  on  the  same  principle,  the 
clear  aperture  of  which  is  §  inches.  Its  tube 
is  11  feet,  which,  together  with  the  eyepiece, 
makes  the  whole  length  12  ieet,  but  its  effec- 
tive focus  is,  on  the  principle  stated,  18  feet. 
It  carries  a  power  of  700  on  the  closest  double 
stars  in  South's  and  Herschel's  catalogue,  and 
the  stars  are,  with  that  power,  round  and  de- 
fined, although  the  field  is  not  then  so  bright 
as  could  be  desired.  The  telescope  is  mount- 
ed on  a  revolving  stand,  which  works  with 
considerable  accuracy  as  an  azimuth  and  alti- 
tude instrument.  To  give  steadiness  to  the 
stand,  it  has  been  made  substantial  and  heavy, 
its  weight  by  estimation  being  400  pounds, 
and  that  of  the  telescope  130  pounds,  yet  its 
motions  are  so  smooth,  and  the  power  so  ar- 
ranged, that  it  may  be  managed  by  one  per- 
son with  the  greatest  ease,  the  star  being  fol- 
lowed by  a  slight  touch,  scarcely  exceeding 
that  of  the  keys  of  a  piano-forte.  The  focal 
length  of  the  plate  lens  is  78  inches,  and  of 
the  fluid.lens  59.8  inches;  which,  at  the  dis- 
tance of  40  inches,  produce  a  focal  length  of 
104  inches,  a  total  length  of  12  feet,  and  an 
equivalent  focus  of  18  feet  The  curves  of  the 
parallel  meniscus  checks  for  containing  the 
fluid  are  30  inches  and  144  inches,  the  latter 
towards  the  eye.  The  curves  for  the  plate 
lens  are  56.4  and  144.  Tiiere  is  an  interior 
tube  ,5  inches  .diameter,  and  3  feet  6  inches 
.■(•8i#) 


long,  which  carries  the  cell  in  which  tha  ^UiS 
is  inclosed,  and  an  apparatus  by  which  it  may 
be  moved  backward  and  forward,  so  that  the 
proper  adjustment  may  be  made  for  colour  in 
the  first  instance,  and  afterward  the  focus  is 
obtained  by  the  usual  rack -work  motion.  The 
following  is  the  mode  by  which  the  fluid  was 
inclosed.  After  the  best  position  has  been 
determined  practically  for  the  checks  forming 
the  fluid  lens,  these,  with  the  ring  between 
them  ground  and  polished  accurately  to  the 
same  curves,  are  applied  together,  and  taken 
into  an  artificial  high  temperature,  exceeding 
the  greatest  at  which  the  telescope  is  ever  ex- 
pected to  be  used.  After  remaining  here  with 
the  fluid  some  time,  the  space  between  the 
glasses  is  completely  filled,  immediately  closed, 
cooled  down  by  evaporation,  and  removed  into 
a  lower  temperature.  By  this  means  a  sud- 
den condensation  takes  place,  an  externa] 
pressure  is  brought  on  the  checks,  and  a  bub- 
ble formed  inside,  which  is,  of  course,  filled 
with  the  vapour  of  the  fluid ;  the  excess  of  the 
atmospheric  pressure  beyond  that  of  the  va- 
pour  being  afterward  always  acting  externally 
to  prevent  contact.  The  extreme  edges  are 
then  sealed  with  the  serum  of  human  blood, 
or  by  strong  fish-glue,  and  some  thin,  pliable 
metal  surface.  By  this  process,  Mr.  Barlow 
says,  "  I  have  every  reason  to  believe  the  leng 
becomes  as.  durable  as  any  lens  of  solid  glass 
At  all  events,  I  have  the  satisfaction  of  stating 
that  my  first  3  inch  telescope  has  now  been 
completed  more  than  fifteen  months,  and  that 
no  change  whatever  has  taken  place  in  its 
performance,  nor  the  least  perceptible  altera- 
tion either  in  the  quantity  or  the  quality  of  the 
fluid." 

The  following  are  some  of  the  observations 
w^hich  have  been  made  with  this  telescope,  and 
the  tests  to  which  it  has  been  subjected.  The 
very  small  star  which  accompanies  the  pole 
star  is  generally  one  of  the  first  tests  applied 
to  telescopes.  This  small  point  of  light  ap- 
peared brilliant  and  distinct ;  it  was  best  seen 
v/ith  a  power  of  120,  but  was  visible  with  a 
power  of  700.  The  small  star  in  Aldebaran 
was  very  distinct  with  a  power  of  120.  The 
small  star  a  LyrsB  was  distinctly  visible  with 
the  same  power.  The  small  star  called  by  Sir 
J.  Herschel  Dehilissima,  between  4  £  and  5 
Lyrse,  whose  existence,  he  says,  could  not  be 
suspected  in  either  the  5  or  7  feet  equatorial^ 
and  invisible  also  with  the  7  and  10  feet  re^ 
flectors  of  six  and  9  inches  aperture,  but  seen 
double  with  the  20  feet  reflector,  is  seen 
very  satisfactorily  double  with  this  telescope, 
ri  Persei,  marked  as  double  in  South  and  Her- 
schel's catalogue,  at  the  distance  of  28'',  with 
another  small  star  at  the  distance  of  3'  67'', 
is  seen  distinctly  sixfold,  four  of  the  small 
stars  being  within  a  considerably  less  dista,nc© 


Hosted  by  Google 


NOTICES  OF  ACHROMATIC  TELESCOPES. 


101 


than  the  remote  one  of  tj  marked  in  the  cata- 
logue. And,  rejecting  the  remote  star,  the 
principal  and  the  four  other  stars  form  a  mini- 
ature representation  of  Jupiter  and  his  satel- 
lites, three  of  them  being  nearly  in  a  line  on 
one  side,  and  the  other  on  the  opposite. 
Castor  is  distinctly  double  with  120,  and  well 
opened,  and  stars  perfectly  round  with  360 
and  700.  y  Leonis  and  a  Piscium  are  seen 
with  the  same  powers  equally  round  and  dis- 
tinct. In  f  Bootis,  the  small  star  is  well  sepa- 
rated; from  the  larger,  and  its  blue  colour  well 
marked  with  a  power  of  360.  ^  Coronae 
Borealis  is  seen  double  with  a  power  of  360 
and  700.  52  Orionis,  ^  Orionis,  and  others 
of  the  same  class,  are  also  well  defined  with  the 
same  powers.  In  regard  to  the  planets  which 
happened  to  be  visible,  Venus  appeared  beau- 
tifully white  and  well  defined  with  a  power 
of  120,  but  showed  some  colour  with  360. 
Saturn,  with  the  120  power,  is  a  very  brilliant 
object,  the  double  ring  and  belts  being  well 
and  satisfactorily  defined,  and  with  the  360 
power  it  is  still  very  fine.  The  moon  also  is 
remarkably  beautiful,  the  edges  and  the  sha- 
dows being  well  marked,  while  the  quantity 
of  light  is  such  as  to  bring  to  viev/  every  mi- 
nute distinction  of  figure  and  shade. 

The  principal  objections  that  may  be  made 
to  this  construction  of  a  telescope  are  such  as 
these :  Can  the  fluid  be  permanently  secured  1 
Will  it  preserve  its  transparency  and  other 
optical  properties  1  Will  it  not  act  upon  the 
surface  of  the  glass  and  partially  destroy  iti 
&c  T>o  such  inquiries  Mr,  Barlow  replies, 
that  experience  is  the  only  test  we  have  ;  our 
spmt  levels,  spirit  thermometers,  &c..,  show 
that  some  fluids,  at  least,  may  be  preserved  for 
many  years  without  experiencing  any  change, 
and  without  producing  any  in  the  appearance 
of  the  glass  tubes  containing  them.  But  should 
any  of  these  happen,  except  the  last,  nothing 
can  be  more  simple  than  to  supply  the  means 
of  repkcing  the  fluid  at  any  time,  and  by  any 
person,  without  disturbing  the  adjustment  of 
the  telescope.  He  expresses  his  hope  that, 
should  these  experiments  be  prosecuted,  an 
achromatic  telescope  shall  ultimately  be  pro- 
duced which  shall  exceed  in  aperture  and 
power  any  instruments  of  the  kind  hitherto 
attempted.  If  the  prejudice  against  the  use 
of  fluids  could  be  removed,  he  feels  convinced 
that  well-directed  practice  would  soon  lead  to 
the  construction  of  the  most  perfect  instru- 
ments, on  this  principle,  at  a  comparatively 
small  expense.  "  I  am  convinced,"  he  says, 
"judging  from  what  has  been  paid  for  large 
object-glasses,  that  my  telescope,  telescope 
stand,  and  the  building  for  observation,  with 
every  other  requisite  convenience,  have  been 
constructed  for  a  less  sum  than  would  be  de- 


manded for  the  object-glass  only,  if  one  could 
be  produced  of  the  same  diameter  of  plate  and 
flint  glass ;  and  this  is  a  consideration  which 
should  have  some  weight,  and  encourage  a 
perseverance  in  the  principle  of  construction.'** 

ROGERs's  ACHROIVIATIC  TELESCOPE  OH  A  KEW 
PLAN. 

The  object  of  this  construction  is  to  render 
a  small  disk  of  flint  glass  available  to  perform 
the  office  of  compensation  to  a  much  larger 
one  of  crown  glass,  and  thus  to  render  possi- 
ble the  construction  of  telescopes  of  much 
larger  aperture  than  are  now  common,  with- 
out hindrance  from  the  difficulty  at  present 
experienced  in  procuring  large  disks  of  flint 
glass.  It  is  well  known  to  those  who  are  ac- 
quainted with  telescopes,  that  in  the  construc- 
tion of  an  ordinary  achromatic  object-glass,  in 
which  a  single  crown  lens  is  compensated  by 
a  single  one  of  flint  the  two  lenses  admit  of  be- 
ing separated  only  by  an  interval  too  small  to 
afford  any  material  advantage,  in  diminish" 
ing  the  diameter  of  the  flint  lens^  by  placing 
it  in  a  narrow  part  of  the  cone  of  rays,  the 
actual  amount  of  their  difference  in  point  of 
dispersive  power  being  such  as  to  render  the 
correction  of  the  chromatic  aberration  impos- 
sible when  their  mutual  distance  exceeds  a 
certain  limit.  This  inconvenience  Mr.  Rogers 
proposes  to  obviate  by  employing,  as  a  cor-> 
recting  lens,  not  a  single  lens  of  flint,  but  a 
compound  one  consisting  of  a  convex  crown 
and  concave  flint,  v^^hose  foci  are  such  as  to 
cause  their  combination  to  act  as  a  plain  glass 
on  the  mean  refrangible  rays.  Then  it  is  evi- 
dent that  by  means  of  the  greater  dispersive 
power  of  flint  than  of  crown  glass,  this  will 
act  as  a  concave  on  the  violet,  and  as  a  con- 
vex on  the  red  rays,  and  that  the  more  power- 
fully, according  as  the  lenses  separately  have 
greater  powers  or  curvature.  If  then,  such 
a  compound  lens  be  interposed  between  the 
object-glass  of  a  telescope — supposed  to  be  a 
single  lens  of  plate  or  crown  glass — and  its 
focus,  it  will  cause  no  alteration  in  the  focus 
for  mean  rays,  while  it  will  lengthen  the  focus« 
for  violet,  and  shorten  it  for  red  rays.  Now 
this  is  precisely  w^hat  is  wanted  to  produce  an 
achromatic  union  of  all  the  rays  in  the  focus ; 
and  as  nothing  in  this  construction  limits  Ihe 
powers  of  the   individual  correcting  lenses, 

*  A  more  detailed  account  of  the  processes  con- 
nected with  the  construction  of  this  telescope  will 
be  found  in  a  paper  presented  to  the  Royal  Soci- 
ety in  1827,  and  puhlished  in  the  Philosophical 
Transactions  of  that  Society  for  1828,  and  like- 
wise another  paper,  published  in  the  Transactions 
for  1829.  From  these  documents,  chiefly,  the  pre 
ceding  account  has  been  abridged.  See  also  the 
"  Edinburgh  New  Philosophical  Journal"  for 
Jan.— April,  1828,  and  Brewster's  "Edinburgh 
Journal  of  Science"  for  October,  1829. 
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they  may  therefore  be  applied  any  where  that 
convenience  may  dictate ;  and  thus,  theoreti- 
cally speaking,  a  disk  of  flint  glass,  however 
small,  may  be  made  to  correct  the  colour  of 
one  of  crown,  however  large. 

This  construction  likewise  possesses  other 
and  very  remarkable  advantages:  for,  first, 
when  the  correcting  lens  is  approximately 
constructed  on  a  calculation  founded  on  its 
intended  aperture,  and  on  the  refractive  and 
dispersive  indices  of  its  materials,  the  final 
and  complete  dispersion  of  colour  may  be 
effected,  not  by  altering  the  lenses  by  grinding 
them  anew,  but  by  shifting  the  combination 
nearer  to,  or  further  from  the  object-glass,  as 
occasion  may  require,  along  the  tube  of  a 
telescope,  by  a  screw  motion,  till  the  condition 
of  achromaticity  is  satisfied  in  the  best  manner 
possible ;  and,  secondly,  the  spherical  aberra- 
tion may  in  like  manner  be  finally  corrected, 
by  slightly  separating  the  lenses  of  the  cor- 
recting glass,  whose  surfaces  should  for  this 
purpose  be  figured  to  curvatures  previously 
determined  by  calculation  to  admit  of  this 
mode  of  correction — a  condition  which  Mr. 
Rogers  finds  to  be  always  possible.  The  fol- 
lowing is  the  rule  which  he  lays  down  for  the 
determination  of  the  foci  of  the  lenses  of  the 
correcting  glass :  "  The  focal  length  of  either 
lens  is  to  that  of  the  object-glass  in  a  ratio 
compounded  of  the  ratio  of  the  square  of  the 
aperture  of  the  correcting  lens  to  that  of  the 
object-glass,  and  of  the  ratio  of  the  difference 
of  the  dispersive  indices  of  the  crov/n  and  flint 
glass  to  the  dispersive  index  of  crown."  For 
example,  to  correct  the  colour  of  a  lens  of 
crown  or  plate  glass  of  9  inches  aperture  and 
14  feet  focal  length  (the  dimensions  of  the 
telescope  of  Fraunhofer  at  Dorpat)  by  a  disk 
of  flint  glass  3  inches  in  diameter,  the  focus 
of  either  lens  of  the  correcting  lens  will  re- 
quire to  be  about  9  inches.  To  correct  it  by 
a  4  inch  disk  will  require  a  focus  of  about  16 
inches  each. 

Mr.  Rogers  remarks,  that  it  is  not  indis- 
pensable to  make  the  correcting  glass  act  as 
a  plane  lens.  It  is  sufficient  if  it  be  so  ad- 
justed as  to  have  a  shorter  focus  for  red  rays 
than  for  violet.  If,  preserving  this  condition, 
it  be  made  to  act  as  a  concave  lens,  the  advan- 
tage procured  by  Mr.  Barlow's  construction 
of  reducing  the  length  of  the  telescope  with 
the  same  foca;l  power  is  secured,  and  he  con- 
siders, moreover,  that  by  a  proper  adaptation 
of  the  distances,  foci,  &c.,  of  the  lenses,  we 
might  hope  to  combine  with  all  these  advan- 
tages that  of  the  destruction  of  the  secondary 
spectrum,  and  thus  obtain  a  perfect  telescope. 

The  above  is  an  abstract  of  a  paper  read 
to  the  "  Astronomical  Society  of  London"  in 
April,  1828,  by  A.  Rogers,  Esq. 

The  reader  will  easily  perceive  that  the 
(820) 


principle  on  which  Mr.  Rogers  proposes  t& 
construct  his  telescope  is  very  nearly  similar 
to  that  of  Professor  Barlow,  described  above, 
with  this  difference,  that  the  correcting  lens 
of  the  professor's  telescope  is  composed  of  a 
transparent  fluid,  while  that  of  Mr.  Rogers  is 
a  solid  lens  consisting  of  a  convex  crown  and 
concave  flint.  The  general  object  intended 
to  be  accomplished  by  both  is  the  same, 
namely,  to  make  a  correcting  lens  of  a  com- 
paratively small  diameter  serve  the  purpose 
of  a  large  disk  of  flint  glass,  which  has  hitherto 
been  very  expensive,  and  very  difficult  to  be 
procured;  and  likewise  to  reduce  the  length 
of  the  telescope,  while  the  advantage  of  a  long 
focal  power  is  secured.  A  telescope  on  this 
principle  was  constructed  seven  or  eight  years 
ago  by  Mr.  Wilson,  lecturer  on  Philosophy 
and  Chemistry,  Glasgow,  before  he  was  aware 
that  Mr.  Rogers  had  proposed  a  similar  plan, 
I  have  had  an  opportunity  of  particularly  in- 
specting Mr.  Wilson's  telescope,  and  trying 
its  effects  on  terrestrial  objects  with  high 
powers,  and  was,  on  the  whole,  highly  pleased 
with  its  performance.  It  appeared  to  be 
almost  perfectly  achromatic,  and  produced  a 
distinct  and  well-defined  image  of  minute 
distant  objects,  such  as  small  letters  on  sign- 
posts, at  two,  three,  and  four  miles  distant; 
but  I  had  no  opportunity  of  trying  its  effects 
on  double  stars  or  any  other  celestial  objects. 
The  instrument  is  above  6  feet  long ;  the 
object-lens  is  a  plano-convex  of  crown  glass, 
4  feet  focal  distance  and  4  inches  diameter, 
the  plain  side  next  the  object. 

At  26  inches  distant  from  (he  object-lens  is 
the  compound  lens  of  2  inches  in  diameter ; 
and  the  two  lenses  of  which  it  is  composed 
are  both  ground  to  a  radius  of  3J  inches. 
That  made  of  crown  glass  is  plano-convex, 
the  other,  made  of  flint  glass,  is  plano-concave, 
and  are  placed  close  together,  the  convex  side 
being  next  the  object,  and  the  concave  side 
next  the  eye.  The  greater  refractive  power 
of  the  flint  glass  renders  the  compound  one 
slightly  concave  in  its  effect  (although  the 
radius  of  curvature  is  similar  in  both,)  and 
lengthens  the  focus  to  6  feet  from  the  object- 
glass  ;  and  this  is  consequently  the  length  of 
the  instrument.  The  compound  corrector  so 
placed  intercepts  all  those  rays  which  go  to 
form  the  image  in  the  field  of  view,  producing 
there  an  achromatic  image.  The  concave 
power  of  the  corrector  renders  the  image 
larger  than  if  directly  produced  by  a  convex 
lens  of  the  same  focus.  The  concavity  of  the 
corrector  is  valuable  also  in  this  respect,  that 
a  very  slight  alteration  in  its  distance  from  the 
object-glass  changes  the  focal  distance  much 
more  than  if  it  were  plain,  and  enables  us  to 
adjust  the  instrument  to  perfect  achromatism 
with  great  precision. 
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CHAPTER  V. 

On  Rejleciing  Telescopes^ 


SECTIO]!f   L 


History  of  the  invention,  and  a  general  de- 
script  urn  of  the  cwistrucfion  of  these  in' 
struments. 

Reflecthstg  telescopes  are  those  v^^hich 
represent  the  images  of  distant  objects  by  re- 
Section,  chiefly  from  concave  mirrors. 

Before  the  achromatic  telescope  was  in- 
vented there  were  two  glaring  imperfections 
in  refracting  telescopes,  which  the  astrono- 
mers of  the  seventeenth  century  were  anxious 
to  correct.  The  first  was  its  very  great  length 
when  a  high  power  was  to  be  applied,  which 
rendered  it  very  unwiedly  and  difficult  to  use. 
The  second  imperfection  was  the  incorrect- 
ness of  the  image  as  formed  by  a  single  lens. 
Mathematicians  had  demonstated  that  a  pencil 
of  rays  could  not  be  collected  in  a  single  point 
by  a  spherical  lens,  and  also  that  the  image 
transmitted  by  such  a  lens  would  be  in  some 
degree  incurvated.  After  several  attempts  had 
been  made  to  correct  this  imperfection  by 
grinding  lenses  to  the  figure  of  one  of  the  co- 
nic sections,  Sir  L  Newton  happened  to  com- 
mence an  examination  of  the  colours  formed 
by  a  prism  ;  and  having,  by  the  means  of  this 
simple  instrument,  discovered  the  different 
refrangibility  of  the  rays  of  light — to  which 
we  have  several  times  adverted  in  the  pre- 
ceding descriptions — he  then  perceived  that 
the  errors  of  telescopes,  arising  from  that  cause 
alone,  were  some  hundred  times  greater  than 
such  as  were  occasioned  by  the  spherical 
figure  of  lenses,  which  induced  this  illustrious 
philosopher  to  turn  his  attention  to  the  im- 
provement of  telescopes  by  reflection. 

It  is  generally  supposed  that  Mr.  James 
Gregory, — a  son  of  the  Rev.  John  Gregory 
minister  of  Drumoak,  in  the  county  of  Aber- 
deen— was  the  first  who  suggested  the  con- 
struction of  a  reflecting  telescope.  He  was  a 
young  man  of  uncommon  genius,  and  an  emi- 
nent mathematician ;  and  in  the  year  1 663,  at 
the  age  of  only  24,  he  published  in  London 
his  treatise  entitled  "  Optica  Promota,"  in 
which  he  explained  the  theory  of  that  species 
of  reflecting  telescope  which  still  bears  his 
name,  and  which  he  stated  as  being  his  own 
invention.  But  as  Gregory,  according  to  his 
own  account,  was  endowed  with  no  mechani- 
cal dexterity,  and  could  find  no  workman 
capable  of  realizing  his  invention,  after  some 
Sfuitless  attemp  s  to  form  proper  specula,  he 


was  obliged  to  give  up  the  pursuit,  so  that 
this  telescope  remained  for  a  considerable  time 
neglected.  It  was  several  years  after  Gregory 
suggested  the  construction  of  reflecting  tele- 
scopes before  Newton  directed  his  attention 
fully  to  the  subject.  In  a  letter  addressed  to 
the  secretary  of  the  Royal  Society,  dated  in 
February,  1673,  he  says,  "Finding  reflections 
to  be  regular,  so  that  the  angle  of  reflection  of 
all  sorts  of  rays  was  equal  to  the  angle  of  inci- 
dence, I  understood  that,  b}''  their  meditation, 
optic  instruments  might  be  brought  to  any 
degree  of  perfection  imaginable,  providing  a 
reflecting  substance  could  be  found  which 
would  polish  as  finely  as  glass,  and  reflect  as 
much  light  as  glass  transmits,  and  the  art  of 
communicating  to  it  a  parabolic  figure  be  also 
obtained.  Amid  these  thoughts  I  was  forced 
from  Cambridge  by  the  intervening  plague, 
and  it  was  more  than  two  years  before  I  pro- 
ceeded further." 

It  was  towards  the  end  of  1668,  or  in  the 
beginning  of  the  following  year,  when  New- 
ton, being  obliged  to  have  recourse  to  reflec- 
tors, and  not  relying  on  any  artificer  for  making 
the  specula,  set  about  the  work  himself,  and 
early  in  the  year  1672  completed  two  small 
reflecting  telescopes.  In  these  he  ground  the 
great  speculum  into  a  spherical  concave, 
although  he  approved  of  the  parabolic  form, 
but  found  himself  unable  to  accomplish  it. 
These  telescopes  were  of  a  construction  some- 
what different  from  what  Gregory  had  sug- 
gested, and  though  only  6  inches  long,  were 
considered  as  equal  to  a  6  feet  common  re- 
fracting telescope.  It  is  not  a  little  singular, 
however,  that  we  hear  no  more  about  tile  con- 
struction of  reflectors  till  more  than  half  a 
century  afterward.  It  was  not  till  the  year 
1723  that  any  reflectors  were  known  to  have 
been  made,  adapted  to  celestial  observations. 
In  that  year,  Mr.  Hadley,  the  inventor  of  the 
reflecting  quadrant  which  goes  by  his  name, 
published,  in  No.  376  of  the  Philosophical 
Transactions,  an  account  of  a  large  reflector 
on  Newton's  plan,  which  he  had  just  then 
constructed,  the  performance  of  which  left  no 
room  to  doubt  that  this  invention  would  re- 
main any  longer  in  obscurity.  The  large 
speculum  of  this  instrument  was  62f  inches 
focal  distance  and  5  inches  diameter,  was  fur- 
nished with  magnifying  powers  of  from  190 
to  230  times,  and  equalled  in  performance  the 
famous  aerial  telescope  of  Huygens  of  123 
3z2  (82J- 
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feet  in  length.*  Since  this  period  the  refl.ect-  speculum,  B  E,  with  a  hole,  C  D,  in  Its  cen 
ing  telescope  has  been  in  general  use  among  tre,  the  focus  of  which  is  at  e.  A  little  beyond 
astronomers  in  most  c  ountries  of  Europe,  and  this  focus,  towards  the  object  end  of  the  tele- 
has  received  numerous  improvements,  under  scope,  A  Fy  is  placed  another  small  concave 
the  direction  of  Short,  Mudge,  Edwards,  and  mirror,  G,  having  its  polished  face  turned 
Herschel,  the  last  of  whom  constructed  re-  towards  the  great  speculum,  and  is  supported 
flectors  of  7,  10,  20,  and  even  40  feet  in  focal  by  an  arm,  G  H,  fastened  to  a  slider  con- 
length,  which  far  surpassed,  in  brightness  nected  with  the  tube.  At  the  end  of  the  great 
and  magnifying  power,  all  the  instruments  tube,  B  E,  is  screwed  in  a  small  tube,  C  D  K 
of  this  description  which  had  previously  been  /,  containing  a  small  plano-convex  lens,  I  iT. 
attempted.  Such  are  the  essential  parts  of  this  instrument 

I  shall  now  proceed  to  give  a  brief  sketch  and  their  relative  positions.     It  will  be  recol- 

of  the  nature  of  a  reflecting  telescope,  and  the  lected  in  our  description  of  the  properties  of 

different  forms  in  which  they  have  been  pro-  concave  mirrors  (see  p.  28,)  that,  when  rays 

posed  to  be  constructed.  proceed  from  a  distant  object,  and  fall  upon  a 

Fig.  62  represents  the  reflecting  telescope  concave  speculum,  they  paint  an  image  or  re- 

as  originally  proposed  by  Gregory.    A  B  E  F  presentation  of  the  object  in  its  focus  before 

represents  a  tube  open  dX  A  F  towards  the  the    speculum.     Now   suppose   two   parallel 

object;  at  the  other  end  is  placed  a  concave  rays,  a  b,  falling  on  the  speculum  B  E,  in 


Fig.  62. 


Fig.  66. 


cd;  they  are  reflected  to  its 
focus  e,  where  an  inverted 
image  of  the  object  is  form- 
ed at  a  little  more  than  the 
focal  distance  of  the  small 
speculum  from  its  surface, 
and  serves,  as  it  were,  for 
an  object  on  which  the 
small  mirror  may  act.  By 
the  action  of  this  mirror 
this  first  image  is  reflected 
to  a  point  about  y,  where  a 
second  image  is  formed 
very  large  and  erect.  Thia 
image  is  magnified  in  the 
proportion  of  f  G  to  e  G, 
the  rays  from  which  are 
transmitted  to  the  eyeglass 
IK,  through  which  the  eye 
perceives  the  object  clear 
and  distinct,  after  the  pro- 
per adjustments  have  been 
^  made. 

Suppose  the  focal  distance  of  the  great  speoulura,  a  second  image  is  formed  about  /, 
mirror  was  9  inches,  and  the  focal  distance  as  much  exceeding  the  first  in  its  dimensions 
of  the  small  mirror  1|  inch — were  we  to  re-  as  it  exceeds  it  in  distance  from  the  small 
move  the  eyepiece  of  this  telescope,  and  look  speculum,  on  the  principle  on  which  the 
through  the  hole  of  the  great  mirror,  we  should  object-glass  of  a  compound  microscope  forms 
see  the  image  of  the  object  depicted  upon  the  a  large  image  near  the  eyeglass.  Suppose 
face  of  the  small  speculum,  and  magnified  in  this  distance  to  be  9  times  greater,  then  the 
the  proportion  of  9  to  1^,  or  6  times,  on  the  whole  magnifying  power  will  be  compounded 
same  principle  as  a  common  convex  object-  of  6  multiplied  by  9,  or  54  times.  As  a  tele- 
glass  9  inches  focal  length,  with  an  eyeglass  scope  it  magnifies  6  times,  and  in  the  micro- 
whose  focus  is  1^  inch,  magnifies  6  times,  scope  part  9  times.  Such  is  the  general  idea 
This  may  be  regarded  as  the  first  part  of  the  of  the  Gregorian  telescope,  the  minute  parti- 
magnifying  power.  If,  now,  we  suppose  the  culars  and  structure  of  which  can  only  be 
small  speculum  placed  a  little  more  than  1^    clearly  perceived  by  a  direct  inspection  of  the 


bo 


fao 


faD 


inch  from  the  image   formed   by  the    great 

*  A  particular  description  of  this  telescope,  with 
the  machinery  for  moving  it,  illustrated  with  an 
engraving,  may  be  seen  in  Reid  and  Gray's 
"Abridgment  of  the  Philosophical  Transactions," 
vol.  vi.  Part  I  for  1723,  p.  147-152. 
(822) 


mstrument. 

'.Vhe  Newtonian  Reflector. — This  instru- 
ment is  somewhat  different  both  in  its  form 
and  in  its  mode  of  operation  from  that  of 
Gregory.  It  is  represented  in  fig,  63,  where 
B  A  E  F  is  the  tube,  and  B  E  the  object  cou 
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c&w  mirror,  which  reflect?  the  parallel  rays  a 
6  to  a  plane  speculum  G,  placed  45°,  or  half 
a  right  angle  to  the  axis  of  the  concave  specu- 
lum. This  small  plane  reflector  must  be  of  an 
oval  form  ;  the  length  of  the  oval  should  be  to 
the  breadth  as  7  to  5,  on  account  of  the  obli- 
quity of  its  position.  It  is  supported  on  an 
arm  fixed  to  the  side  of  the  tube ;  an  eyeglass 
is  placed  in  a  small  tube,  movable  in  the 
larger  tube,  so  as  to  be  perpendicular  to  the 
axis  of  the  large  reflector,  the  perpendicular 
line  passing  through  the  centre  of  the  small 
mirror.  The  small  mirror  is  situated  between 
the  large  mirror  and  its  focus,  that  its  distance 
from  this  focal  point  may  be  equal  to  the  dis- 
tance from  the  centre  of  the  mirror  to  the 
focus  of  the  eyeglass.  When  the  rays  a  b 
from  a  distant  object  fall  upon  the  large 
speculum  at  c  d,  they  are  reflected  towards 
a  focus  dX  h ;  but,  being  intercepted  by  the 
plane  mirror  G,  they  are  reflected  perpen- 
dicularly to  the  eyeglass  at  I,  in  the  side  of 
the  tube,  and  the  image  formed  near  that 
position  at  e  is  viewed  through  a  small  plano- 
convex lens.  The  magnifying  power  of  this 
telescope  is  in  the  propoition  of  the  focal  dis- 
tance of  the  speculum  to  that  of  the  eyeglass. 
Thus,  if  the  focal  distance  of  the  speculum  be 
36  inches,  and  that  of  the  eyeglass  one-third 
of  an  inch,  the  magnifying  power  will  be  108 
times.  It  was  this  form  of  the  reflecting  tele- 
scope that  Newton  invented,  which  Sir  W. 
Herschol  adopted,  and  with  which  he  made 
most  of  his  observations  and  discoveries. 

The  Cassegrainicm  liejiectw. — This  mode 
of  the  reflecting  telescope,  suggested  by  M. 
Cassegrain,  a  Frenchman,  is  represented  in 
fig.  64.  It  is  constructed  in  the  same  way  as 
the  Gregorian,  wath  the  exception  of  a  small 
convex  speculum,  G,  being  substituted  in  the 
room  o^  the  small  concave  in  Gregory's  con- 
struction. As  the  focus  of  a  convex  mirror  is 
negative,  it  is  placed  at  a  distance  from  the 
large  speculum  equal  to  the  diflerence  of  their 
foci ;  that  is,  if  the  focal  length  of  the  large 
speculum  be  18  inches,  and  that  of  the  small 
convex  2  inches,  they  are  placed  at  16  inches 
distant  from  each  other,  on  a  principle  similar 
to  that  of  the  Galilean  telescope,  in  which  the 
concave  eye:^las3  is  placed  within  the  focus  of 
the  object-glass  by  a  space  equal  to  the  focal 
lengtii  of  the  eyeglass.  In  this  telescope,  like- 
wise, instead  of  two  there  is  only  one  image 
formed,  namely,  that  in  the  focus 
of  the  eyeglass ;  and,  on  this  ac- 
count, some  are  of  opinion  that  the 
distinctness  is  considerably  greater  .,£ 

than  in  the  Gregorian.  Mr.  Rams-   J^Jf~^ 


a  tendency  to  correct  each  other,  whereas  in  the 
Gregorian,  both  the  metals  being  concave,  any 
error  in  the  specula  will  be  doubled.  It  is  his 
opinion  that  the  aberrations  in  the  Casse- 
grainian  construction  to  that  of  the  Gregorian 
is  as  3  to  5.  The  length  of  this  telescope  is 
shorter  than  that  of  a  Gregorian  of  equal  focal 
length  by  twice  the  focal  length  of  the  small 
mirror,  and  it  shows  every  thing  in  an  inverted 
position,  and,  consequently,  is  not  adapted  for 
viewing  terrestrial  objects. 

Dr.  Hookas  Reflector. — Before  the  reflecting 
telescope  vi^as  much  known,  Dr.  Hook  con- 
trived one,  the  form  of  which  is  represented 
fig.  65,  which  differs  in  little  or  nothing  from 
the  Gregorian,  except  that  the  eyeglass,  /,  is 
placed  in  the  hole  of  the  great  speculum,  B  E. 

McLrtin\s  Reflector, — Mr.  Benjamin  Martin, 
a  distinguished  writer  on  optical  and  philo- 
sophical science,  about  a  century  ago  described 
a  new  form  of  the  reflecting  telescope,  approxi- 
mating to  the  Newtonian  structure,  which  he 
contrived  for  his  own  use.  It  is  represented 
in  fig.  66.  A  B  E  F  is  the  tube,  in  which 
there  is  an  opening  or  aperture,  0  P,  in  the 
upper  part.  Against  this  hole,  within  the 
tube,  is  placed  a  large  plane  speculum,  G  H, 
at  half  a  right  angle  with  the  axis  or  sides  of 
the  tubes,  with  a  hole,  C  D,  perforated  through 
its  middle.  The  parallel  rays  a  b,  falling  on 
the  inclined  plane  G  H,  are  reflected  perpen- 
dicularly and  parallel  on  the  great  speculum 
B  E  in  the  bottom  of  the  tube.  From  thence 
they  are  reflected,  converging  to  a  focus,  e, 
through  the  hole  of  the  plane  mirror  C  D, 
which  being  also  the  focus  of  the  eyeglass 
I K,  the  eye  will  perceive  the  object  magnified 
and  distinct. 

In  the  figures  referred  to  in  the  above  de- 
scriptions, only  one  eyeglass  is  represented,  to 
avoid  complexity  ;  but  in  most  reflecting  tele- 
scopes, the  eyepiece  consists  of  a  combinatioa 
of  two  plano-convex  glasses,  as  in  fig.  67, 
which  produces  a  more  correct  and  a  larger  field 
of  view  than  a  single  lens.  This  combination 
is  generally  known  by  the  name  of  the  Hiii/' 
genian  Eyepiece,  which  shall  be  described  iu 
the  section  on  the  eyepieces  of  telescopes. 

The  following  rule  has  been  given  for  find- 
ing the  magnifying  power  of  the  Gregorian 
telescope :  Multiply  the  focal  distance  of  the 
great  mirror  by  the  distance  of  the  small 
mirror  from  the  image  next  the  eye,  and  mui- 
Fig.  67. 


m 


den  was  of  opinion  that  this  con-  ■'^'v^m^^^j^,,^ 
struction  is   p)referable  to  either  of        ^^•'^1; 
the  former  reflectors,  because  the  cL 

aberrations  of  the  two  metals  have 
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tip]y  the  focal  diatance  of  the  small  mirror  by 
the  focal  distance  of  the  eyeglass;  then  divide 
the  product  of  the  former  multiplication  by  the 
product  of  the  latter,  and  the  quotient  will  ex- 
press the  magnifying  power.  The  following 
are  the  dimensions  of  one  of  the  reflecting 
telescopes  constructed  by  Mr.  Short,  who  was 
Jong  distinguished  as  the  most  eminent  maker 
of  such  instruments  on  a  large  scale,  and 
whose  large  reflectors  are  still  to  be  found  in 
various  observatories  throughout  Europe  : 

The  focal  distance  of  the  great  mirror,  9.6 
inches;  or  P  m,  fig.  67,  its  breadth,  F  D,  2.3  ; 
the  focal  distance  of  the  small  mirror,  L  n,  1.5, 


or  1^  inch ;  its  breadth,  g  h,  0.6  or  6-lOtlifl  al 
an  inch ;  the  breadth  in  the  hole  in  the  grea* 
mirror,  U  F,  0.5,  or  half  an  inch  ;  the  distance 
between  the  small  mirror  and  the  next  eye- 
glass, L  R,  14.2;  the  distance  between  the 
two  eyeglasses,  *S'  R,  2.4 ;  the  focal  distance 
of  the  eyeglass  next  the  metal,  3.8  ;  and  the 
focal  distance  of  the  eyeglass  next  the  eye,  Scij 
1.1,  or  11- 10th  of  an  inch.  The  magnifying 
power  of  this  telescope  was  about  60  times. 
Taking  this  telescope  as  a  standard,  the  fol- 
lowing table  of  the  dimensions  and  magnifying 
powers  of  Gregorian  reflecting  telescopes,  as 
constructed  by  Mr.  Short,  has  been  computed ; 


-r 


Focal      (iis- 
tauce  of  the 


Breadth    of 
the       great 


1.  54 

2.  30 


6.     26 


Focus  onhel?^;'^^,j;|i «; 

speculuai. 


U  V 

la;  D  ec. 

0.  31 

0.  39 

0.  50 

0.  65 

0.  85 


la,  Dec. 

1.     10 


Distance  be-j 
iweea      the 'Focal      dis 
hm\\\  specu-  tance  of  th( 
luni  and  the  glass      next 
first        eye-  the  rnelals. 


L  R 

In:  Dec: 

8.  54 

14.  61 

23.  81 

41.  16 

63.  17 


In;  Dec: 

2.  44 

3.  13 

3.  94 

5.  12 

6.  43 


1 

Foca 

dis- 

of  the 

glass 

next 

the  eye. 

S 

In. 

Dec. 

0. 

81 

1. 

04 

1. 

31 

1. 

71 

2. 

14 

Distance  be. 
tween  the 
plain  sides 
of  the  ivvc 
glasses. 

""R    S 
In.  Dec, 

1.  68 

2.  09 
2.     63 


Magnifyin 
power. 


In. 

39 
60 
86 
165 
243 


second  gidb 


0.  41 

0.  52 

0.  66 

0.  85 

1.  87 


Mr.  Short — who  was  born  in  Edinburgh  in 
1710,  and  died  near  London,  1768-^was  con- 
sidered as  the  most  accurate  constructor  of 
reflecting  telescopes  during  the  period  which 
intervened  from  1732  to  1768.  In  1743  he 
constructed  a  reflector  for  Lord  Thomas 
Spencer,  of  13  feet  focal  length,  for  which  he 
received  600  guineas.  He  made  several  other 
telescopes  of  the  same  focal  distance,  with 
greater  improvements  and  higher  magnifiers ; 
and,  in  1752,  finished  one  for  the  King  of 
Spain,  for  which,  with  its  whole  apparatus,  he 
received  £1200.  This  was  considered  the 
noblest  instrument  of  its  kind  that  had  then 
been  constructed,  and  perhaps  it  was  never 


S17  ./assed  till  Herschel  constructed  his  twenty 
and  forty  feet  reflectors.  High  as  the  prices 
of  large  telescopes  now  are,  Mr.  Short  charged 
for  his  instruments  at  a  much  higher  rate  than 
opticians  now  do,  although  the  price  of  labour, 
and  every  other  article  required  in  the  con- 
struction of  a  telescope  is  now  much  dearer. 
But  he  had  then  scarcely  any  competitor,  and 
he  spared  neither  trouble  nor  expense  to  make 
his  telescopes  perfect,  and  put  such  a  price 
upon  them  as  properly  repaid  him.  The 
following  table  contains  a  statement  of  the 
apertures,  powers,  and  prices  of  Gregorian 
telescopes,  as  constructed  by  Mr.  James 
Short;* 


Number. 

Focal     length 
in  inches: 

3 

Diameter     of 
aperture      in 
inches. 

Magnifying  powers. 

re- 
prices in 
guineas. 

1 

1,1 

1  Power  of 

18  times 

3 

2 

^ 

1.3 

1 

25      " 

4 

3 

7 

1.9 

1 

40      " 

6 

4 

9| 

2.5 

2  Powers 

40  and  60      " 

8 

5 

12 

3.0 

2 

55  and  85      " 

10 

6 

12 

3.0 

4        " 

35,  55,  85,  and  110      " 

14 

7 

18 

3,8 

4 

55,  95,  130,  and  200      " 

20 

8 

24 

4.5 

4        « 

90,  150,  230,  and  300      " 

35 

9 

36 

6.3 

4 

100,  200,  300,  and  400      " 

75 

10 

48 

7.6 

4 

120.  260,  380,  and  500      '* 

100 

11 

72 

12.2 

4 

200,  400,  600,  and  800      " 

300 

12 

144 

18  0 

4        u 

300,  600,  900,  and  1200      " 

800 

From  this  table  it  appears  that  Mr.  Short 
charged  75  guineas  for  a  3  feet  reflector, 
whereas  such  an  instrument  is  now  marked" in 
the  London  opticians'  catalogues  at  £23  when 
mounted  on  a  common  brass  stand,  and  £39 
18^.  when  accompanied  with  rack-work  mo- 
tions and  other  apparatus.  It  is  now  generally 
understood  that  in  the  above  table  Short 
always  greatly  overrated  the  higher  powers  of 
(824) 


his   telescopes.     By   experiment,  they   were 


*  Miss  Short,  who  has  erected  and  who  super- 
intends an  observatory  on  the  Gallon  Hill,  Edin- 
burgh, is  the  descendant  of  a  brother  of  Mr.  Shoft. 
She  is  in  possession  of  a  large  Gregorian  reflector, 
about  12  feet  long,  made  by  Mr.  Short,  and  mount- 
ed on  an  equatorial  axis.  It  was  originally  placed 
in  a  small  observatory  erected  on  the  Gallon  Hill 
about  the  year  1776,  but  for  many  years  past  il 
has  been  little  used. 
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gsneraJiy  found  to  magnify  much  less  than 
here  expressed. 

General  Remarks  on  Gregorian  Reflec- 
tors,— -1.  In  regard  to  the  hole,  U  V,  of  the 
great  speculum,  its  diameter  should  be  equal, 
or  nearly  so,  to  that  of  the  small  speculum,  L, 
fig.  67 ;  for  if  it  be  less,  no  more  parallel  rays 
will  be  reflected  than  if  it  were  equal  to  g  h, 
and  it  may  do  harm  in  contracting  the  visible 
area  within  too  narrow  limits ;  nor  must  it  be 
larger  than  the  mirror  L,  because  some  paral- 
lel rays  will  then  be  lost,  and  those  of  most 
consequence,  as  being  nearest  the  centre. 
2.  The  small  hole  at  e,  to  which  the  eye  is 
applied,  must  be  nicely  adjusted  to  the  size  of 
the  cone  of  rays  proceeding  from  the  nearest 
lens,  S,  If  it  be  larger,  it  will  permit  the 
foreign  light  of  the  sky  or  other  objects  to 
enter  the  eye,  so  as  to  prevent  distinct  vision  ; 
for  the  eye  should  receive  no  light  but  what 
comes  from  the  surface  of  the  small  mirror,  L. 
If  the  hole  be  smaller  than  the  cylinder  of  rays 
at  e,  then  some  of  the  necessary  light  will  be 
excluded,  and  the  object  rendered  more  ob- 
scure. The  diameter  of  this  hole  may  be 
found  by  dividing  the  aperture  of  the  telescope 
in  inches  by  its  magnifying  power.  Thus,  if 
we  divide  the  diameter  of  one  of  Short's  tele- 
scopes, the  diameter  of  whose  large  speculum 
is  2.30,  by  60,  the  magnifying  power,  the 
quotient  will  be  .0383,  which  is  nearly  the 
j'j^th  of  an  inch.  Sometimes  this  hole  is 
made  so  small  as  the  ^g^^j th  of  an  inch.  When 
this  hole  is,  by  any  derangement,  shifted  from 
its  proper  position,  it  sometimes  requires  great 
nicety  to  adjust  it,  and,  before  it  is  accurately 
adjusted,  the  telescope  is  unfit  for  accurate 
observation.  3.  It  is  usual  to  fix  a  plate  with 
a  hole  in  it  at  a  b,  the  focus  of  the  eyeglass  S, 
of  such  a  diameter  as  will  circumscribe  the 
image,  so  as  to  exhibit  only  that  part  of  it 
which  appears  distinct,  and  to  exclude   the 


superfluous  rays.  4,  There  is  an  adjusting 
screw  on  the  outside  of  the  great  tube,  con- 
nected with  the  small  speculum,  by  which 
that  speculum  may  be  pushed  backward  or  for- 
ward  to  adjust  the  instrument  to  distinct  vision. 
The  hand  is  applied  for  this  purpose  at  T. 

Newtonian  Telescopes. — These  telescopes 
are  now  more  frequently  used  for  celestial  ob- 
servations than  during  the  last  century,  when 
Gregorian  reflectors  were  generally  preferred. 
Sir  W.  Herschel  was  chiefly  instrumental  in 
introducing  this  form  of  the  reflecting  tele- 
scope to  the  more  particular  attention  of  astro- 
nomers, by  the  splendour  and  extent  of  the 
discoveries  which  it  enabled  him  to  make.  In 
this  telescope  there  is  no  hole  required  in  the 
middle  of  the  great  speculum,  as  in  the  Gre- 
gorian construction,  which  circumstance  se- 
cures the  use  of  all  the  rays  which  flow  from 
the  central  parts  of  the  mirror. 

The  following  table  contains  a  statement 
of  the  apertures  and  magnifying  powers  of 
Newtonian  telescopes,  and  the  focal  distances 
of  their  eyeglasses.  The  first  column  contains 
the  focal  length  of  the  great  speculum  in  feet ; 
the  second,  its  linear  aperture  in  inches;  the 
third,  the  focal  distance  of  the  single  glass  in 
decimals,  or  in  lOOOths  of  an  inch,  and  the 
fourth  column  contains  the  magnifying  power. 
This  portion  of  the  table  was  constructed  by 
using  the  dimensions  of  Mr.  Hadley's  New- 
tonian telescope,  formerly  referred  to,  as  a 
standard,  the  focal  distance  of  the  great  mirror 
being  62^  inches,  its  medium  aperture  5  inches, 
and  power  208.  The  fifth,  sixth,  and  seventh 
columns  contain  the  apertures  of  the  concave 
speculum,  the  focal  lengths  of  the  eyeglasses, 
and  the  magnifying  powers,  as  calculated  (>y 
Sir  D.  Brewster,  from  a  telescope  of  Mr. 
Hauksbee,  taken  as  a  standard,  whose  focal 
length  was  3  feet  3  inches,  its  aperture  about 
4  inches,  and  magnifying  power  226  times. 


r 1 

SlrD. 

Brewster's  Numbers. 

Focal  distance  of 
ccmc-vve  metal. 

Aperture  of  con- 
cave metal. 

Focal  distance  of 
single  eyeglass. 

Magnifying 
poNver. 

Apeviiire  of  the  con- 
cave speculum. 

Focai  leiigtii  of 
eyeglass. 

Magnifying 
power. 

Feet. 

Inc.     Dec. 

Inc.     Dec. 

Inc.    Dec, 

Inc.    Dec 

Oi 

0.      86 

0.     167 

36 

1.     34 

0.      107 

56 

1 

1.     44 

0.     199 

60 

2.     23 

0.      129 

93 

2 

2.    45 

0.    236 

102 

3.     79 

0.      152 

158 

3 

3.     31 

0.    261 

138 

1          5.     14 

0.     168 

■214 

4 

4.     10 

0.     281 

171 

6.     36 

0.     181 

265 

5 

4.     85 

0.     297 

202 

j          7.     51 

0.     192 

313 

6 

5.     57 

0      311 

232 

8.     64 

0.    200=1 
0.     209    ^ 

360 

7 

6.     31 

0.     323 

260 

9.     67 

403 

8 

6.     89 

0.    .334 

287 

10.     44 

0.    218 

445 

9 

7.     54 

0.     344 

314 

11.     69 

0.     222 

487 

10 

8.     16 

0.    353 

340 

12.     65 

0.     228 

527 

11 

8.    76 

0.     362 

365 

13.     58 

0.     233 

566 

12 

9.     36 

0.     367 

390 

14.     50 

0.     238 

^^04 

13 

9,     94 

0.    377 

414 

15.     41 

0.     243 

M3 

14 

10.     49 

0.     384 

137 

■        16.     25 

0.     248 

677 

15 

11.     04 

0.    391 

160 

17.     11 

0.     252 

713 

16 

11.    59 

0.    397 

483 

17.     98 

0.     25e 

749 

17 

12.     14 

0.    403 

506 

18.    82 

0.     260 

784 

18 

12.     67 

0.     409 

528 

19.     63 

0.     264 

S18 

19 

13.     20 

0.     414 

550 

1        20.     45 

0.     268 

852 

20 

13.    71 

0.     420 

571 

21.     24 

0.     271 

895, 

104 
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One  great  advantage  of  reflecting  telescopes 
above  common  refractors  is,  that  they  will 
admit  of  eyeglasses  of  a  much  shorter  focal 
distance,  and,  consequently,  will  magnify  so 
much  the  more,  for  the  rays  are  not  coloured 
by  reflection  from  a  concave  mirror,  if  it  he 
ground  to  a  true  figure,  as  they  are  by  passing 
through  a  convex  glass,  though  figured  and 
polished  with  the  utmost  exactness.  It  will 
be  perceived  from  the  above  table  that  the 
focal  length  of  the  eyeglasses  is  very  small, 
the  lowest  there  stated  being  only  about  J^th 
of  an  inch,  and  the  highest  little  more  than 
^th  of  an  inch  focal  distance.  Sir  W.  Her- 
schel  obtained  the  high  powers  which  he 
sometimes  put  upon  his  telescopes  by  using 
small  double  convex  lenses  for  eyeglasses, 
some  of  which  did  not  exceed  the  one  fiftieth 
of  an  inch  in  focal  length.  When  the  focal 
length  of  the  concave  speculum  and  that  of 
the  eyeglass  are  given,  the  magnifying  power 
is  found  by  dividing  the  former  by  the  latter, 
after  having  reduced  the  focal  length  of  the 
concave  speculum  to  inches.  Thus  the  6 
feet  speculum,  multiplied  by  12,  produces  72 
inches,  which,  divided  by  Brewster's  number 
for  the  focus  of  the  eyeglass  =  200,  or  \\h  of 
an  inch,  produces  a  quotient  of  360  as  the 
magnifying  power.  It  has  been  calculated 
that,  if  the  metals  of  a  Newtonian  telescope  be 
worked  as  exquisitely  as  those  in  Sir  W.  Her- 
schel's  7  feet  reflector,  the  highest  power  that 
5uch  a  telescope  should  bear  with  perfect  dis- 
tinctness will  be  found  by  multiplying  the 
diameter  of  the  great  speculum  in  inches  by 
74,  and  the  focal  distance  of  the  single  eye- 
glass may  be  found  by  dividing  the  focal  dis- 
tance of  the  great  mirror  by  the  magnifying 
power.  Thus  6.25 — the  aperture  in  inches 
of  Herschel's  7  feet  Newtonian — multiplied 
by  74,  is  462^-,  the  magnifying  power;  and  7 
multiphed  by  12,  and  divided  by  462,  is  50.182 
of  an  inch,  the  focal  distance  of  the  single  eye- 
glass required.  But  it  is  seldom  that  more 
than  one-half  of  this  power  can  be  applied 
with  effect  to  any  of  the  planetary  bodies. 
For  general  purposes,  the  power  produced  by 
multiplying  the  diameter  of  the  speculum  by 
30  or  40  will  be  found  most  satisfactory. 

The  following  are  the  general  prices  of 
reflecting  telescopes  as  made  by  the  London 
opticians. 

£.  s. 
A  four  feet,  seven  inch  aperture, 
Gregorian  reflector,  with  the  verti- 
cal motions  upon  a  new^  invented 
Drinciple,  as  well  as  apparatus  to 
fender  the  tube  more  steady  in  ob- 
servation, according  to  the  additional 
apparatus  of  small  speculums,  eye- 
pieces, micrometers,  &,c.,from  80  to  120  0 
(8S6) 


Three  feet  long,  mounted  on  & 
plain  brass  stand      .         .         .         .     23     S 

D-itto,  with  rack-work  motions, 
improved  mounting,  and  metals         .     39   1 8 

Two  feet  long,  without  rack- work, 
and  with  4   magnifying  powers,  im- 
proved    .         .         .         .  ,     15  15 
Ditto,  with  rack-work  motion  23     1 
Eighteen  inch,  on  a  plain  stand     .       9     9 
Twelve  inch,  ditto        .         .         .66 

The  above  are  the  prices  stated  in  Messrs.. 
W.  and  S.  Jones's  catalogue. 

The  following  list  of  prices  of  the  various 
kinds  of  reflecting  telescopes  is  from  Messrs. 
Tulley's  (of  Islington)  catalogue. 

£.    n 

1  foot  Greg07'ia7i  reflector,  on  pil- 
lar and  claw  stand,  metal  2^  inches 
diameter,  packed  in  a  mahogany  box       6     6 

li  foot  ditto,  on  pillar  and  claw 
stand,  metal  3  inches  diameter, 
packed  in  a  mahogany  box       .         .     1 1   11 

2  feet  ditto,  metal  4  inches  diame- 
ter  16  16 

Ditto,  ditto,  with  rack-work  mo- 
tions      .         .         .         .         .         .     25     4 

3  feet  ditto,  metal  5  inches  diam- 
eter, with  rack-work  motions    .         .     42     0 

Ditto,  metal  6  inches  diameter,  on 
a  tripod  stand,  with  centre  of  gravity 
motion    .         .         .         .         .         .     68     5 

4  feet  ditto,  metal  7  inches  diam- 
eter, as  above  .         .         .         .  105     0 

6  feet  ditto,  metal  9  inches  diam- 
eter, on  an  improved  iron  stand        .210     0 

7  feet  Newtonian  reflectors,  6 
inches  aperture,  mounted  on  a  new 

and  improved  stand  .  .  .   105     0 

Ditto,  ditto,  metal  7  inches  diam- 
eter          126     0 

9  feet  ditto,  metal  9  inches  diam- 
eter         210     0 

10  feet  ditto,  metal  10  inches  dia- 
meter    .         .         ....  315     0 

12  feet  ditto,  metal  12  inches  dia- 
meter    ....  !25     r 

Comparative  Bright?iess  of  Achromatic 
and  Reflecting  Telescopes. — The  late  astro- 
nomer royal,  Dr.  Maskelyne,  from  a  compa- 
rison of  a  variety  of  telescopes,  was  led  to  the 
following  conclusion  :  "  that  the  aperture  of  a 
common  reflecting  telescope,  in  order  to  show 
objects  as  bright  as  the  achromatic,  must  be 
to  that  of  an  achromatic  telescope  as  8  to  5  ;" 
in  other  words,  an  achromatic  whose  object- 
glass  is  5  inches  in  diameter,  will  show  ob- 
jects with  as  great  a  degree  of  brightness  as 
a  reflector  whose  large  speculum  is  8  inchBS 
in  diameter.     This  result,  if  correct,  must  be 
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owing  to  the  small  number  of  rays  reflected 
from  a  speculum  compared  with  the  number 
transmitted  through  an  achromatic  object-glass. 


Sectiok  IL 
The  Herschelian  Telescope, 

Soon  after  Sir  William  Herschel  com- 
menced his  astronomical  career,  he  intro- 
duced a  new  era  in  the  history  of  reflecting 
telescopes.  After  he  had  cast  and  polished 
an  immense  variety  of  specula  for  telescopes 
of  different  sizes,  he  at  length,  in  the  year 
1782,  finished  a  20  feet  reflector  with  a  large 
aperture.  Being  sensible  of  the  vast  quantity 
of  light  which  is  lost  by  a  second  reflection 
from  the  small  speculum,  he  determined  to 
throw  it  asido  altogether,  and  mounted  this 
20  feet  reflectoi  on  a  stand  that  admitted  of 
being  used  without  a  small  speculum  in  mak- 
ing/ro?i^  observations  ;  that  is,  in  sitting  with 
his  back  to  the  object,  and  looking  directly 
towards  the  surface  of  the  speculum.  Many 
of  his  discoveries  and  measurements  of  double 
stars  were  made  with  this  instrument,  till  at 
length,  in  the  year  1785,  he  put  the  finishing 
hand  to  that  gigantic  speculum,  which  soon 
became  the  object  of  universal  astonishment, 
and  which  was  intended  for  his  forty-feet  re- 
flecting telescope.  He  had  succeeded  so  well 
in  constructing  reflecting  telescopes  of  com- 
paratively small  aperture,  that  they  would 
bear  higher  magnifying  powers  than  had  ever 
previously  been  applied ;  but  he  found  that  a 
deficiency  of  light  could  only  be  remedied  by 
an  increased  diameter  of  the  large  speculum, 
which  therefore  was  his  main  object  when  he 
undertook  to  accomplish  a  work  which  to  a 
man  less  enterprising  would  have  appeared 
impracticable.  The  difficulties  he  had  to 
overcome  were  numerous,  particularly  in  the 
operative  department  of  preparing,  melting, 
annealing,  grinding,  and  polishing  a  mass  of 
metal  that  was  too  unwieldy  to  be  moved 
without  the  aid  of  mechanical  powers.  At 
length,  however,  all  difficulties  having  been 
overcome,  this  magnificent  instrument  was 
completed,  with  all  its  compficated  apparatus, 
and  erected  for  observation,  on  the  28th  of 
August,  1789,  and  on  the  same  day  the  sixth 
eatellite  of  Saturn  was  detected,  as  a  prelude 
of  still  further  discoveries  which  were  after- 
ward made  bj  this  instrument  in  the  celestial 
regions. 

It  would  be  too  tedious  to  attempt  a  de- 
scription of  all  the  machinery  and  apparatus 
connected  with  this  noble  instrument.  The 
reader  who  wishes  to  peruse  a  minute 
description   of  the    stairs,  ladders,  platform, 


rollers,  and  of  every  circumi^tance  relating  to 
joiner's  work,  carpenter's  work,  smith's  work, 
and  other  particulars  connected  with  the  for- 
mation and  erection  of  this  telescope,  will  find 
the  details  recorded  in  the  85th  volume  of  the 
Philosophical  Transactions  of  the  Royal  So- 
ciety of  London  for  1795,  in  which  there  are 
sixty-three  pages  of  letter-press,  and  eighteen 
plates  illustrative  of  the  subject.  I  shall  con- 
tent myself  with  giving  a  short  outline  of  the 
essential  parts  belonging  to  this  instrument. 

The  tube  of  this  telescope  is  made  of  rolled 
or  sheet  iron,  joined  together  without  rivets ; 
the  thickness  of  the  sheets  is  somewhat  less 
than  ijJg^th  part  of  an  inch,  or  14  pounds 
weight  for  a  square  foot.  Great  care  was 
taken  that  the  cylindrical  form  should  be  se- 
cured, and  the  whole  was  coated  over  three 
or  four  times  with  paint,  inside  and  outside, 
to  secure  it  against  the  damp.  This  tube  was 
removed  from  the  place  in  which  it  was  form- 
ed by  24  men,  divided  into  six  sets,  so  that 
two  men  on  each  side,  with  a  pole  6  feet  long 
in  their  hands,  to  which  was  affixed  a  piece 
of  coarse  cloth  7  feet  long,  going  under  the 
tube,  and  joined  to  a  pole  5  feet  long  in  the 
hands  of  two  other  men,  assisted  in  carrying 
the  tube.  The  length  of  this  tube  is  39  feet 
4  inches,  the  diameter  4  feet  10  inches ;  and, 
on  a  moderate  computation,  it  was  ascertained 
that  a  wooden  tube  of  proper  dimensions 
would  have  exceeded  an  iron  one  in  weight 
by  at  least  3000  pounds.  Reckoning  the  cir- 
cumference of  the  tube  15  feet,  its  length  39 ^ 
feet,  and  14  lib.  for  the  weight  of  a  square 
foot,  it  must  have  contained  590  square  feet, 
and  weighed  8260  pounds.  Various  hoops 
were  fixed  within  the  tube,  and  longitudinal 
bars  of  iron  connecting  some  of  them  are 
attached  to  the  two  ends  of  the  tube,  by  way 
of  bracing  the  sheets,  and  preserving  the  shape 
perfect,  when  the  pulleys  are  applied  to  give 
the  necessary  elevation  at  the  upper  end,  and 
that  the  speculum  may  be  kept  secure  at  the 
lower  end.  The  lower  end  of  the  tube  is 
firmly  supported  on  rollers,  that  are  capable 
of  being  moved  forward  or  backward  by  a 
double  rack,  connected  with  a  set  of  wheels 
and  pinions.  By  an  adjustment  at  the  lower 
extremity  of  the  tube,  the  speculum  is  tui  ned 
to  a  small  inclination,  so  that  the  line  of  col- 
limation  may  not  be  coincident  with  the  lon- 
gitudinal axis  of  the  tube,  but  may  cross  the 
tube  diagonally,  and  meet  the  eye  in  the  air 
at  about  two  inches  from  the  edge  of  the  tube, 
which  is  the  pecuharity  of  the  construction 
that  supersedes  the  necessity  of  applying  a 
second  reflector.  Hence  no  part  of  the  head 
of  the  observer  intercepts  the  iiAcident  rays, 
and  the  observation  is  taken  with  the  face 
looking  at  the  speculum,  the  back  being 
turned  to  the  object  to  be  observed. 
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The  large  speculum  is  inclosed  in  a  strong 
'ron  ring,  braced  across  with  bars  of  iron,  and 
an  inclosure  of  iron,  and  ten  sheets  make  a 
case  for  it.  It  is  Kfted  by  three  handles  of 
iron  attached  to  the  sides  of  the  ring,  and  is 
put  into  and  taken  out  of  its  proper  place 
in  the  tube  by  the  help  of  a  movable  crane, 
running  on  a  carriage,  which  operation  re- 
quires great  care.  The  speculum  is  made  of 
a  metallic  composition,  and  is  49^  inches  in 
diameter ;  but  the  concave  polished  surface  is 
only  48  inches,  or  4  feet  in  diameter.  Its 
thickness  is  3^  inches;  and  when  it  came 
from  the  cast  its  weight  was  2118  pounds. 
The  metals  for  its  formation  were  procured  at 
a  warehouse  in  Thames-street,  London, 
where  they  kept  ingots  of  two  kinds  ready 
made,  one  of  white  and  the  other  of  bell- 
metal  ;  and  it  was  composed  of  two  ingots  of 
bell-metal  for  one  of  white.  It  was  not  to  be 
expected  that  a  speculum  of  such  large  dimen- 
sions could  have  a  perfect  figure  imparted  to 
its  surface,  nor  that  the  curve,  whatever  it 
be,  would  remain  identically  the  same  in 
changes  of  temperature ;  therefore  we  are  not 
surprised  when  we  are  told  that  the  magnify- 
ing powers  used  with  this  telescope  seldom 
exceeded  200,  the  quantity  of  light  collected 
by  so  large  a  surface  being  the  principal  aim 
of  the  maker.  The  raising  of  the  balcony,  on 
which  the  observer  stands,  and  the  sliding  of 
the  lower  end  of  the  tube,  in  which  the  spe- 
culum rests,  are  effected  by  separate  tackles, 
and  require  only  occasional  motions;  but 
the  elevation  of  the  telescope  requires  the 
main  tackle  to  be  employed,  and  the  motion 
usually  given  in  altitude  at  once  was  two  de- 
grees ;  the  breadth  of  the  zone  in  which  the 
observations  were  made,  as  the  motion  of  the 
sphere  in  right  ascension  brought  the  objects 
into  view.  A  star,  however,  could  be  followed 
for  about  a  quarter  of  an  hour.  Three  per- 
sons were  employed  in  using  this  telescope, 
one  to  work  the  tackle,  another  to  observe, 
and  a  third  to  mark  down  the  observations. 
The  elevation  was  pointed  out  by  a  small 
quadrant  fixed  to  the  main  tube,  near  the 
lower  end,  but  the  polar  distance  was  indicated 
by  a  piece  of  machinery,  worked  by  a  string, 
which  continually  indicated  the  degree  and 
minute  on  a  dial  in  the  small  house  adjoining, 
while  the  time  was  shown  by  a  clock  in  the 
same  place,  Miss  Herschel  performing  the 
office  of  registrar. 

At  the  upper  end  the  tube  is  open,  and  di- 
rected to  the  part  of  the  heavens  intended  for 
observation,  and  the  observer,  standing  on  the 
foot-board,  looks  down  the  tube,  and  perceives 
the  object  by  rays  reflected  from  the  speculum 
through  the  eyeglass  at  the  opening  of  the 
tube.  When  the  telescope  is  directed  to  any 
objects  near  the  zenith,  the  observer  is  neces- 
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sarily  at  an  elevation  at  least  40  feet  from  the 
ground.  Near  the  place  of  th.e  eyeglass  it3 
the  end  of  a  tin  pipe,  into  which  a  mouthpiece 
may  be  placed,  so  that,  during  an  observation, 
a  person  may  direct  his  voice  into  this  pipe, 
while  his  eye  is  at  the  glass.  This  pipe, 
which  is  1^  inch  in  diameter,  runs  down  to 
the  bottom  of  the  tube,  where  it  goes  into  a 
turning  joint,  thence  into  a  drawing  tube, 
and  out  of  this  into  another  turning  joint, 
from  whence  it  proceeds,  by  a  set  of  sliding 
tubes,  towards  the  front  of  the  foundation 
timber.  Its  use  is  to  convey  the  voice  of  the 
observer  to  his  assistants,  for  at  the  last  place 
it  divides  itself  into  two  branches,  one  going 
into  the  observatory,  the  other  into  the  work- 
man's room,  ascending  in  both  places  through 
the  floor,  and  terminates  in  the  usual  shape 
of  speaking  trumpets.  Though  the  voice 
passes  in  this  manner  through  a  tube,  with 
many  inflections,  and  through  not  less  than 
115  feet,  it  requires  very  little  exertion  to  be 
well  understood. 

To  direct  so  unwieldly  a  body  to  any  part 
of  the  heavens  at  pleasure,  many  mechanical 
contrivances  were  evidently  necessary.  The 
whole  apparatus  rests  upon  rollers,  and  care 
was  previously  taken  of  the  foundation  in  the 
ground.  This  consists  of  concentrical  brick 
walls,  the  outermost  42  feet,  the  innermost  21 
feet  in  diameter,  2  feet  6  inches  deep  under 
ground,  2  feet  3  inches  broad  at  the  bottom, 
and  1  foot  2  inches  at  the  top,  capped  with 
paving  stones  3  inches  thick,  and  12|  inches 
broad. 

In  the  centre  is  a  large  post  of  oak,  framed 
together  with  braces  under  ground,  and  walled 
fast  to  brickwork  to  make  it  steady.  Round 
this  centre  the  whole  frame  is  moved  horizon- 
tally by  means  of  20  rollers,  12  upon  the  outer 
and  8  upon  the  inner  wall.  The  vertical  mo- 
tion is  given  to  the  instrument  by  means  of 
ropes  and  pulleys,  passing  over  the  main 
beam  supported  by  the  ladders.  These  lad- 
ders are  49  feet  long,  and  there  is  a  movable 
gallery  with  24  rollers  to  ease  its  motion. 
There  is  a  staircase  intended  for  persons  who 
wish  to  ascend  into  the  gallery  without  being 
obliged  to  go  up  the  ladder.  The  ease  with 
which  the  horizontal  and  vertical  motions  may 
be  communicated  to  the  tube  may  be  conceived 
from  a  remark  of  Sir  W,  Herschel,  that  in  the 
year  1789  he  several  times  observed  Saturn 
two  or  three  hours  before  and  after  its  meri 
dian  passage,  with  one  single  person  to  con 
tinue,  at  his  directions,  the  necessary  horizon 
tal  and  vertical  motions. 

By  this  telescope  the  sixth  and  seventh 
satellites  of  Saturn  were  discovered,  only  one 
of  which  is  within  the  reach  of  the  20  feci 
reflector,  or  even  of  a  25  feet  instrument.  Tht 
discovery  of  the  satellites  of  the  planet  Uraniia 
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however,  was  made  by  the  20  feet  reflector, 
but  only  after  it  had  been  converted  from  the 
Newtonian  to  the  HerscheUan  construction, 
which  affords  a  proof  of  the  superiority  of  the 
latter  construction  over  the  former  when  the 
same  speculum  is  used.  Never  had  the  hea- 
vens before  been  observed  with  so  extraordi- 
nary an  instrument  as  the  forty -feet  reflector. 
The  nebulosities  which  are  found  among  the 
fixed  stars  in  various  regions  of  the  heavens 
appeared  almost  all  to  resolve  themselves  into 
an  innumerable  multitude  of  stars ;  others, 
hitherto  imperceptible,  seemed  to  have  ac- 
quired a  distinct  light.  On  the  entrance  of 
Sirius  into  the  field  of  the  telescope,  the  eye 
was  so  violently  affected  that  stars  of  less 
magnitude  could  not  immediately  after  be  per- 
ceived, and  it  was  necessary  to  wait  for  20 
minutes  before  these  stars  could  be  observed. 
The  ring  of  Saturn  had  always  before  ceased 
to  be  visible  when  its  plane  was  directed  to- 
wards the  earth ;  but  the  feeble  light  which  it 
reflects  in  that  position  was  enough  for  Her- 
schel's  instrument,  and  the  ring,  even  then, 
etill  remained  visible  to  him. 

It  has  been  generally  considered  that  this 
telescope  was  capable  of  carrying  a  power  of 
6000  times ;  and  perhaps,  for  the  purpose  of 
an  experiment,  and  for  trying  its  effect  on 
certain  objects,  such  a  power  may  have  been 
applied,  in  which  case  the  eyeglass  must  have 
been  only  /^ths  of  an  inch  focal  distance,  or 
somewhat  less  than  j^th  of  an  inch.  But 
such  a  power  could  not  be  generally  applied 
with  any  good  effect  to  the  planetary  bodies, 
and  I  question  much  whether  any  power 
above  1000  times  was  ever  generally  used; 
for  it  is  the  quantity  of  light  which  the  tele- 
scope collects,  more  than  the  magnifying 
power,  that  enables  us  to  penetrate,  with  ef- 
fect, into  the  distant  spaces  of  the  firmament ; 
and  hence,  as  above  stated,  the  power  seldom 
exceeded  200,  which,  on  account  of  the  large 
diameter  of  the  speculum,  would  enable  the 
instrument  to  penetrate  into  the  distant  celes- 
tial spaces  perhaps  further  than  if  a  power 
of  as  many  thousands  of  times  had  been  ap- 
plied. 

Sir  John  Herschel,  who  inherits  all  the 
science,  skill,  and  industry  of  his  father,  some 
time  ago  ground  and  polished  a  new  speculum 
for  the  20  feet  tube,  formerly  noticed,  which 
is  connected  with  a  stand,  pulleys,  and  other 
appendages  similar  to  those  above  described, 
though  of  smaller  dimensions.  This  telescope 
shows  the  double  stars  exceedingly  well  de- 
fined, and  was  one  of  the  principal  instruments 
used  in  forming  his  catalogue  of  these  objects 
which  was  presented  to  the  Royal  Society,  in 
conjunction  with  that  of  Sir  .Tames  South, 
about  the  year  1828.  I  suppose  it  is  likewise 
the  same  telescope  with  which  Sir  John  lately 


made  his  sidereal  observations  at  the  Cape  ol 
Good  Hope. 


Section  TIL 
Ramage^s  large  Reflecting  Telescope. 

The  largest  front  view  reflecting  telescope 
in  this  country,  next  to  HerscheFs  40  feet  in- 
strument, is  that  which  was  erected  at  the 
Royal  Observatory  at  Greenwich  in  the  year 
1820,  by  Mr.  Ramage,  of  Aberdeen.  The 
diameter  of  the  concave  reflector  is  15  inches, 
and  its  focal  length  25  feet.  It  is  erected  on 
machinery  which  bears  a  certain  resemblance 
to  that  of  Herschel's  which  we  have  now  de- 
scribed, but  the  mechanical  arrangements  are 
greatly  simplified,  so  that  the  instrument  is 
manageable  by  an  observer  without  an  assist- 
ant. The  tube  is  composed  of  a  twelve-sided 
prism  of  deal  f  ths  of  an  inch  thick.  At  the 
mouth  is  a  double  cylinder  of  different  diame- 
ters on  the  same  axis ;  around  this  a  coi'd  is 
wound  by  a  winch,  and  passes  up  from  the 
small  cylinder,  over  a  pulley,  and  down 
through  another  pulley  on  to  the  large  cylin- 
der. When  the  winch,  therefore,  is  turned  to 
raise  the  telescope,  the  endless  cord  is  un- 
wound from  the  smaller  cylinder  and  wound 
on  to  the  larger,  the  difference  of  the  size  of 
the  two  cylinders  will  be  double  the  quantity 
raised,  and  a  mechanical  force  to  any  extent 
may  thus  be  obtained,  by  duly  proportioning 
the  diameters  of  the  two  cylinders:  by  this 
contrivance  the  necessity  of  an  assistant  is 
superseded.  The  view  through  this  instru- 
ment first  astonished  those  observers  who  had 
not  been  accustomed  to  examine  a  heavenly 
body  with  a  telescope  possessing  so  much  light, 
and  its  performance  was  deemed  quite  extra- 
ordinary. But  when  the  first  impression  had 
subsided,  and  different  trials  had  been  made 
in  different  states  of  the  atmosphere,  it  was 
discovered  that  the  central  portion  of  the  spe 
culum  was  more  perfectly  figured  than  the 
ring  bordering  on  the  extreme  edges.  When 
the  aperture  was  limited  to  ten  or  twelve 
inches,  the  performance  as  to  the  distinctness 
in  its  defining  power  was  greatly  improved, 
and  the  light  was  so  brilliant  that  the  astrono- 
mer royal  was  disposed  to  entertain  an  opinion 
that  it  might  equal  that  of  a  good  achromatic 
refractor  of  the  same  dimensions.  When,  how- 
ever, very  small  and  obscure  objects  are  to  be 
observed,  the  whole  light  of  the  entire  aper- 
ture may  be  used  with  advantctge  on  favour- 
able evenings. 

The  eyepieces  adapted  to  this  telescope  have 
powers  which  magnify  the  object  linearly  from 
100  to  1500  times,  which  are  competent  to 
4  A  (829) 
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tuliil  all  the  purposes  of  vision  when  cleared 
of  aberration.  When  the  telescope  is  placed 
>n  the  plane  of  the  meridian,  and  elevated, 
together  with  the  gallery,  into  any  required 
altitude,  the  merkUanal  sweeps,  formerly  prac- 
tised by  Sir  W.  Herschel,  and  continued  by 
Sir  John  with  great  success,  in  the  examina- 
tion of  double  stars  and  nebula,  may  be  ma- 
naged with  great  ease. 

Mr.  Ramage  had  a  telescope  of  about  the 
same  size  erected  in  an  open  space  in  Aber- 
deen, which  I  had  an  opportunity  of  inspect- 
ing when  I  paid  a  visit  to  that  gentleman  in 
1833,  but  cloudy  weather  prevented  my  ob- 
taining a  view  of  any  celestial  bodies  through 
it.  He  showed  me  at  that  time  two  or  three 
large  speculums,  from  12  to  18  inches  in  dia- 
meter, which  he  had  finished  some  time  be- 
fore, and  which  appeared  most  beautifully 
polished.  He  told  me,  too,  that  he  had  ground 
and  poHshed  them  simply  with  his  hand,  with- 
out the  aid  of  any  machinery  or  mechanical 
power:  a  circumstance  which,  he  said,  as- 
tonished the  opticians  of  London  when  it  was 
stated,  and  which  they  considered  as  almost 
incredible.  His  experience  in  casting  and  po- 
lishing metals  of  various  sizes  during  a  period 
of  15  or  16  years,  qualified  him  to  prepare 
specula  of  great  lustre,  and  with  an  unusually 
high  polish.  It  has  been  asserted  that  a  fifty- 
feet  telescope  by  Ramage,  of  21  inches  aper- 
ture, was  intended  to  be  substituted  for  the 
25  feet  instrument  erected  at  Greenwich,  and 
the  speculum,  it  is  understood,  was  prepared, 
and  ready  for  use,  provided  the  Navy  Board 
was  disposed  to  defray  the  expense  of  carry- 
ing the  plan  into  execution ;  but,  unfortu- 
nately, this  ingenious  artist  was  unexpectedly 
cut  off  in  the  midst  of  his  career,  about  the 
year  1835. 


Section  IV. 

The  Aerial  Rejledor  constructed  hy  the 
Author, 

A  particular  description  of  this  telescope 
was  given  in  the  "Edinburgh  New  Philo- 
sophical Journal"  for  April— July,  1826,  con- 
ducted by  Professor  Jameson,  the  greater  part 
of  which  was  copied  in  the  "  London  Ency- 
clopsedia,"  under  the  article  Telescope.  From 
this  description  I  shall  endeavour  to  condense 
a  brief  account  of  this  instrument,  with  a  few 
additional  remarks. 

About  the  year  1822,  an  old  speculum  27 
inches  in  focal  length,  very  imperfectly  po- 
lished, happened  accidentally  to  come  into  my 
possession,  and  feeling  no  inclination  to  fit  it 
up  in  the  Gregorian  form,  I  adopted  the  reso-' 
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lution  of  throwing  aside  the  small  speculum^ 
and  attempting  the  front  view,  notwitstanding 
the  uniform  assertion  of  opticians  that  such  an 
attempt  in  instruments  of  a  small  size  is  im- 
practicable. I  had  some  ground  for  expecting 
success  in  this  attempt  from  several  experi" 
ments  I  had  previously  made,  particularly 
from  some  modifications  made  in  the  construc- 
tion of  astronomical  eyepieces,  which  have  & 
tendency  to  correct  the  aberration  of  the  rays 
of  light  when  they  proceed  somewhat  obliquely 
from  a  lens  or  speculum.  In  the  first  in- 
stance, I  placed  the  speculum  at  one  end  of  a 
tube  of  the  form  of  the  segment  of  a  cone,  the 
end  next  the  eye  being  somewhat  wider  than 
that  at  which  the  speculum  was  fixed,  and  its 
length  about  an  inch  shorter  than  the  focal 
distance  of  the  mirror.  A  small  tube  for  re- 
ceiving the  different  eyepieces  was  fixed  in 
the  inside  of  the  large  tube  at  the  end  next 
the  eye,  and  connected  with  an  apparatus  by 
which  it  could  occasionally  be  moved  either  in 
a  vertical  or  horizontal  direction.  "With  the 
instrument  fitted  up  in  this  manner,  I  obtained 
some  interesting  views  of  the  moon  and  of  ter- 
restrial objects ;  but,  finding  that  one  side  of 
the  tube  intercepted  a  considerable  portion  of 
light  from  the  object,  I  determined  to  throw 
aside  the  tube  altogether,  and  to  fit  up  the  in- 
strument on  a  different  plan. 

A  short  mahogany  tube,  about  three  inches 
long,  was  prepared,  to  serve  as  a  socket  for 
holding  the  speculum.  To  the  side  of  this 
tube  an  arm  was  attached,  about  the  length 
of  the  focal  distance  of  the  mirror,  at  the 
extremity  of  which  a  brass  tube  for  receiving 
the  eyepieces  was  fixed,  connected  with  screws 
and  sockets,  by  which  it  might  be  raised  or 
depressed,  and  turned  to  the  right  hand  or  to 
the  left,  and  with  adjusting  apparatus,  by 
which  it  might  be  hrought  nearer  to  or  further 
from  the  speculum.  Fig.  69  exhibits  a  genera] 
representation  of  the  instrument  in  profile.  A 
B  is  the  short  tube  which  holds  the  speculum  ; 
C  D  the  arm  which  carries  the  eyetubes, 
which  consists  of  two  distinct  pieces  of  ma- 
hogany; the  part  D  being  capable  of  sliding 
along  the  under  side  of  C,  through  the  brass 
sockets  E  F,  To  the  under  part  of  the 
socket,  F,  is  attached  a  brass  nut  with  a 
female  screw,  in  which  the  male  screw,  a  b, 
acts  by  applying  the  hand  to  the  knob  c, 
which  serves  for  adjusting  the  instrument  to 
distinct  vision.  G  is  the  brass  tube  which 
receives  the  eyepieces.  It  is  supported  by  a 
strong  brass  wire,  d  e,  which  passes  through 
a  nut  connected  with  another  strong  wire, 
which  passes  through  the  arm  D.  By  means 
of  the  nut  /  this  tube  may  be  elevated  or  de- 
pressed, and  firmly  fixed  in  its  proper  position ; 
and  by  the  nut  d  it  may  be  brought  nearer  tn, 
or  further  from,  the  arm  /). 
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By  the  same  apparatus,  it  is 
also  rendered  capable  of  being 
moved  either  in  a  vertical  or 
horizontal  direction ;  but  when 
it  is  once  adjusted  to  its  pros- 
per position,  it  must  be  firmly 
fixed,  and  requires  no  further 
attention.  The  eyepiece  re- 
presented in  this  figure  is  the 
one  used  for  terrestrial  objects, 
vi^hich  consists  of  the  tubes  be- 
longing to  a  pocket  achromatic 
telescope.  When  an  astrono- 
mical eyepiece  is  used,  the 
length  of  the  instrument  ex- 
tends only  to  the  point  J.  In 
looking  through  this  telescope 
the  right  eye  is  applied  at  the 
point  H,  and  the  observer's 
head  is  understood  to  be  un- 
covered, or,  at  least,  tightly 
covered  with  a  thin  cap.  For  those  who  use 
only  the  left  eye,  the  arm  would  require  to  be 
placed  on  the  opposite  side  of  the  tube,  or  the 
arm,  along  with  the  tube,  be  made  to  turn 
round  180  degrees. 

Fig.  70  represents  a  front,  or,  rather,  an 
oblique  view  of  the  instrument,  in  which  the 

Fig.  70. 


Fig.  69. 


position  of  the  speculum  may  be  seen.  All  the 
specula  which  I  fitted  up  in  this  form,  having 
been  originally  intended  for  Gregorian  re- 
flectors, have  holes  in  their  centres.  The  eye- 
piece is  therefore  directed  to  a  point  nearly 
equidistant  from  the  hole  to  the  left-hand  edge 
of  the  speculum,  that  is  to  the  point  a.     In 


one  of  these  instruments  fitted  up  with  a  four 
feet  speculum,  the  line  of  vision  is  directed  to 
the  point  b  on  the  opposite  side  of  the  specu 
lum,  but  in  this  case  the  eyetube  is  removed 
further  from  the  arm  than  in  the  former  case. 
The  hole  in  the  centre  of  the  specu  him  is  ob- 
viously a  defect  in  this  constructioji  of  a  re- 
flecting telescope,  as  it  prevents  us  from 
obtaining  the  full  advantage  of  the  rays  which 
fall  near  the  centre  of  the  mirror ;  yet  the  per- 
formance of  the  instruments,  even  with  this 
disadvantage,  is  superior  to  what  we  should 
previously  have  been  led  to  expect. 

The  principal  nicety  in  the  construction  of 
the  instrument  consists  in  the  adjustment  and 
proper  direction  of  the  eyetube.  There  is  only 
one  position  in  which  vision  will  be  perfectly 
distinct.  It  must  be  neither  too  high  nor  too 
low ;  it  must  be  fixed  at  a  certain  distance 
from  the  arm,  and  must  be  directed  to  a  cer- 
tain point  of  the  speculum.  This  position 
must  be  ultimately  determined  by  experiment 
when  viewing  terrestrial  objects.  A  person 
unacquainted  with  this  construction  of  the 
telescope  would  perhaps  find  it  difficult,  in  the 
first  instance,  to  make  this  adjustment ;  but 
were  it  at  any  time  deranged,  through  acci- 
dent or  otherwise,  I  can  easily  make  the  ad- 
justment anew  in  the  course  of  a  minute  or 
two. 

In  pointing  this  telescope  to  the  object  in- 
tended to  be  viewed,  the  eye  is  applied  at  A", 
fig.  69,  and  looking  along  the  arm,  towards 
the  eyepiece,  till  it  nearly  coincides  with  the 
object,  it  will,  in  most  cases,  be  readily  found. 
In  this  way  I  can  easily  point  this  instrument 
to  Jupiter  or  Saturn,  or  to  any  of  the.  other 
planets  visible  to  the  naked  eye,  even  when  a 
power  of  160  or  170  times  is  applied.  When 
high  magnifying  powers,  however,  are  used, 
it  may  be  expedient  to  fix,  on  the  upper  part 

(831) 


Hosted  by  Google 


114 


THE  PRACTICAL  ASTRONOMEPt. 


of  tlie  short  tube  in  which  the  speculum  rests, 
a  finder,  suck  as  that  which  is  used  in  New- 
tonian telescopes.  When  the  moon  is  the 
object  intended  to  be  viewed,  she  may  be  in- 
stantly found  by  moving  the  instrument  till 
her  reflected  image  be  seen  from  the  eye-end 
of  the  telescope  on  the  face  of  the  mirror. 

I  have  fitted  up  several  instruments  of  the 
above  description  with  specula  of  16,  27,  35, 
and  49  inches  focal  distance.  One  of  these, 
having  a  speculum  of  27  inches  focal  length, 
and  an  astronomical  eyepiece  producing  a 
maynifying  power  of  about  90  times,  serves 
as  a  good  astronomical  telescope.  By  this 
instrument  the  belts  and  satellites  of  Jupiter, 
the  ring  of  Saturn,  and  the  mountains  and 
cavities  of  the  moon,  may  be  contemplated 
with  great  case  and  distinctness.  With  a 
magnifying  power  of  35  or  40  times,  terres- 
trial objects  appear  remarkably  bright  and 
well  defined.  When  compared  witlj  a  Gre- 
gorian, the  quantity  of  light  upon  the  object 
appears  nearly  doubled,  and  the  image  is 
equally  distinct,  although  the  speculum  has 
several  blemishes,  and  its  surface  is  but  im- 
perfectly polished.  It  represents  objects  in 
their  natural  colours,  without  that  dingy  and 
yellowish  tinge  which  appears  when  looking 
through  a  Gregorian.  Another  of  these  in- 
struments is  about  four  feet  long.  The 
speculum  which  belongs  to  it  is  a  very  old 
one  :  when  it  came  into  my  possession,  it  was 
so  completely  tarnished  as  scarcely  to  reflect 
a  ray  of  light.  After  it  was  cleaned,  it  ap- 
peared to  be  scafcely  half  polished,  and  its 
surface  is  covered  with  yellowish  stains  which 
cannot  be  erased.  Were  it  fitted  up  upon 
the  Gregorian  plan,  it  would,  I  presume,  be 
of  very  httle  use,  unless  when  a  very  small 
magnifying  pow^er  was  applied ;  yet  in  its 
present  form  it  bears  with  distinctness  a  mag- 
nifying power  of  130  times,  and  is  equal  in 
its  performance  to  a  3^  feet  achromatic.  It 
exhibits  distinct  and  interesting  views  of  the 
diversities  of  shade,  and  of  the  mountains, 
vales,  cavities,  and  other  inequalities  of  the 
moon's  surface.  With  a  power  of  about  50 
times,  and  a  terrestrial  eyepiece,  it  forms  an 
oxcellent  telescope  for  land  objects,  and  ex- 
hibits tb.em  in  a  brilliant'  and  novel  aspect. 
The  smallest  instrument  I  have  attempted  to 
construct  on  this  plan  is  only  5^  inches  focal 
distance,  and  1  jths  of  an  inch  in  diameter. 
With  a  magnifying  power  of  about  15  times, 
it  shows  terrestrial  objects  with  distinctness 
and  brilliancy.  But  I  should  deem  it  inex- 
pedient to  fit  up  any  instrument  of  this  de- 
scription with  specula  of  a  shorter  focal  dis- 
tance than  20  or  24  inches.  The  longer  the 
focal  distance,  the  more  distinctness  may  be 
expected,  although  the  aperture  of  the  specu- 
lum should  be  comparatively  small. 
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The  following  are  some  of  the  properties 
and  advantages  peculiar  to  this  constructior, 
of  the  reflecting  telescope  : 

1.  It  is  extremely  simple,  and  may  be  fitted 
up  at  a  comparatively  small  expense.  In- 
stead of  large  and  expensive  brass  tubes,  such 
as  are  used  in  the  Gregorian  and  Newtonian 
construction,  little  more  is  required  than  a 
short  mahogany  tube,  two  or  three  inches 
long,  to  serve  as  a  socket  for  the  speculum, 
with  an  arm  connected  with  it  about  the  focal 
length  of  the  speculum.  The  expense  of 
small  specula,  either  plain  or  concave,  is  saved, 
together  with  the  numerous  screws,  springs, 
&c.,  for  centring  the  two  specula,  and  placing 
the  small  mirror  parallel  to  the  large  one. 
The  only  adjustment  requisite  in  this  con- 
struction is  that  of  the  eyetube  to  the  specu- 
lum ;  and,  by  means  of  the  simple  apparatus 
above  described,  it  can  be  effected  in  the 
course  of  a  few  minutes.  Almost  the  whole 
expense  of  the  instrument  consists  in  the 
price  of  the  speculum  and  the  eyepieces. 
The  expense  of  fitting  up  the  four  feet  specu- 
lum alluded  to  above,  exclusive  of  specu' 
lum  and  eyepiece,  but  including  mahogany 
tube  and  arm,  brass  sockets,  screws,  eyetube, 
brass  joint,  and  a  cast-iron  stand,  painted  and 
varnished,  did  not  amount  to  £1  8.?.  A  Gre- 
gorian of  the  same  size  would  have  required 
a  brass  tube  at  least  4|  feet  in  length,  which 
would  cost  five  or  six  guineas,  besides  the 
apparatus  connected  with  the  small  speculum, 
and  the  additional  expense  connected  with 
the  fitting  up  of  the  joint  and  stand  requisite 
for  supporting  and  steadying  so  unwieldy  an 
instrument.  While  the  one  instrument  would 
require  two  persons  to  carry  it  from  one  room 
to  another,  and  would  occupy  a  considerable 
space  in  an  ordinary  apartment,  the  other 
can  be  moved,  with  the  utmost  ease,  with  one 
hand,  to  any  moderate  distance,  and  the  space 
it  occupies  is  extremely  small. 

2.  It  is  more  convenient  for  viewing 
celestial  objects  at  a  Jiigh  altitude  than  other 
telescopes.  When  we  look  through  a  Gre- 
gorian reflector  or  an  achromatic  telescope  of 
four  or  five  feet  in  length,  to  an  object  ele- 
vated 50  or  60  degrees  above  the  horizon, 
the  body  requires  to  be  placed  in  an  uneasy 
and  distorted  position,  and  the  eye  is  some- 
what strained  while  the  observation  is  con- 
tinued ;  but  when  viewing  similar  objects  by 
the  Aerial  Reflector,  we  can  either  stand 
perfectly  erect,  or  sit  on  a  chair,  with  the 
same  ease  as  we  sit  at  a  desk  when  reading- a 
book  or  writing  a  letter.  In  this  way,  the 
surface  of  the  moon  or  any  other  of  the  planets 
may  be  contemplated  for  an  hour  or  two  with- 
out the  least  weariness  or  fatigue.  A  de- 
lineation of  the  lunar  surface  may  be  taken 
with  this  instrument  with  more  ease  and  ac- 
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curacy  than  with  any  other  instrument,  as 
the  observer  can  sketch  the  outHne  of  the  ob- 
ject by  one  eye  on  a  tablet  placed  a  little  be- 
low the  eyepiece,  while  the  other  eye  is  looking 
at  the  ol)joct.  For  the  purpose  of  accommo- 
dating the  instrument  to  a  sitting  or  standing 
posture,  a  small  table  was  constructed,  capa- 
ble of  being  elevated  or  depressed  at  pleasure, 
on  which  the  stand  of  the  telescope  is  placed. 
When  the  telescope  is  four  or  five  feet  long, 
and  the  object  at  a  very  high  elevation,  the 
instrument  may  be  placed  on  the  floor  of  the 
apartment,  and  the  observer  will  stand  in  an 
erect  position. 

3.  This  instrument  is  considerably  shorter 
than  a  Gregorian  telescope  whose  mirror  is 
of  the  same  focal  length.  When  an  astro- 
nomical eyepiece  is  used,  the  whole  length 
of  the  instrument  is  nothing  more  than  the 
focal  length  of  the  speculum ;  but  a  Gregorian, 
whose  large  speculum  is  four  feet  focus,  will 
be  nearly  five  feet  in  length,  including  the 
eyepiece. 

4.  The  Aerial  Reflector  far  excels  the 
Gregorian  in  brightness.  The  deficiency  of 
light  in  the  Gregorians  is  owing  to  the  second 
reflection  from  the  small  mirror;  for  it  has 
been  proved  by  experiment  that  nearly  the 
one-half  of  the  rays  of  light  v/hich  fall  upon 
a  reflecting  surface  is  lost  by  a  second  re- 
flection. The  image  of  the  object  may  also 
be  presumed  to  be  more  correct,  as  it  is  not 
liable  to  any  distortion  by  being  reflected  from 
another  speculum. 

5.  There  is  less  tremor  in  these  telescopes 
than  in  Gregorian  reflectors.  One  cause, 
among  others,  of  the  treniors  complained  of  in 
Gregorians  is,  I  presume,  the  formation  of  a 
second  image  at  a  great  distance  from  the 
first,  besides  that  which  arises  from  the  elastic 
tremor  of  the  small  speculum,  when  carried 
by  an  arm  supported  only  at  one  end ;  but  as 
the  ijrjage  formed  by  the  speculum  in  the 
aerial  telescope  is  viewed  directly^  without 
being  exposed  to  any  subsequent  reflection,  it 
is  not  80  liable  to  the  tremors  which  are  so 
frequcnty  experienced  in  other  reflectors. 
Notwithstanding  the  length  of  the  arm  of  the 
four  feet  telescope  above  mentioned,  a  celestial 
object  appears  remarkably  steady  when  pass- 
ing across  the  field  of  view,  especially  when 
it  is  at  a  rroderate  degree  of  altitude ;  and  it 
is  easily  ki;pt  in  the  field  by  a  gentle  motion 
applied  to  the  arm  of  the  instrument. 

In  proc^ecuting  my  experiments  in  relation 
to  these  instruments,  I  wished  to  ar^certain 
what  efi*ect  might  be  produced  by  using  a 
mirt  of  a  speculum  instead  of  the  whole. 
For  this  purpose,  I  cut  a  speculum,  three  feet 
in  focal  length,  through  the  centre,  so  as  to 
divide  it  into  two  equal  parts,  and  fitted  up 
each  part  as  a  distinct  telescope,  so  that  I  ob- 
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tained  two  telescopes  from  one  speculum.  la 
this  case,  I  found  that  each  half  of  the  specu- 
lum performed  nearly  as  well  as  the  whole 
speculum  had  done  before ;  at  least,  there  ap- 
peared to  be  no  very  sensible  diminution  in 
the  hrigJitness  of  the  object,  when  viewed 
with  a  moderate  power,  and  the  image  was 
equally  accurate  and  distinct ;  so  that  if  eco- 
nomy were  a  particular  object  aioied  at  in 
the  construction  of  these  instruments,  two 
good  telescopes  might  be  obtained  from  one 
speculum ;  or  if  a  speculum  happened  to  be 
broken  accidentally  into  large  fragments,  one 
or  more  of  the  fragments  may  be  fitted  up  on 
this  principle  to  serve  as  a  tolerably  good 
telescope. 

From  the  experiments  l  have  made  in  re- 
ference to  these  instruments,  it  is  demons 
strable  that  a  tube  is  not  necessary  in  the 
construction  of  a  reflecting  telescope — at  least, 
on  the  principle  now  stated—whether  it  be  used 
by  day  or  by  night,  for  terrestrial  or  celestial 
objects ;  for  I  have  frequently  used  these  tele- 
scopes in  the  open  air  in  the  daytime,  without 
any  inconvenience  from  extraneous  light 
Therefore,  were  a  reflecting  telescope  of  50 
or  60  feet  in  length  to  be  constructed,  it  might 
be  fitted  up  at  a  comparatively  small  expense, 
after  the  expense  of  the  metallic  substances, 
and  of  casting,  grinding,  and  polishing  the 
speculum  is  defrayed.  The  largest  instru- 
ment of  this  description  which  has  hitherto 
been  constructed  is  the  40  feet  reflector  of 
Sir  W.  Herschel.  This  complicated  and 
most  unwieldy  instrument  had  a  tube  of  rolled 
or  sheet  iron  39  feet  4  inches  in  length, 
about  15  feet  in  circumference,  and  weighed 
about  8000  pounds.  Now  I  conceive  that 
such  enormous  tubes,  in  instruments  of  such 
dimensions,  are  altogether  unnecessary.  No- 
thing more  is  requisite  than  a  short  tube  for 
holding  the  speculum.  .  Connected  with  one 
side  of  this  tube  (or  with  both  sides  were  it 
found  necessary,)  two  strong  bars  of  wood, 
projecting  a  few  feet  beyond  the  speculum 
end,  and  extending  in  front  as  far  as  the  focal 
length  of  the  mirror,  and  connected  by  cross- 
bars of  wood,  iron,  or  brass,  would  be  quite 
sufficient  for  a  support  to  the  eyepiece,  and 
for  directing  the  motion  of  the  instrument. 
A  telescope  of  40  or  50  feet  in  length,  con- 
structed on  this  plan,  would  not  require  ona» 
fifth  of  the  expense,  nor  one-fourth  of  the 
apparatus  and  mechanical  power  for  moving 
it  to  any  required  position,  which  were  found 
necessary  in  the  construction  of  Sir  W.  Her- 
schel's  large  reflecting  telescope.  The  idea 
here  suggested  will  perhaps  be  more  readily 
appreciated  by  an  inspection  of  fig  71,  where 
A  is  the  short  tube,  B  C  and  D  E  the  two 
large  bars  or  arms,  connected  with  crossbars, 
for  the  purpose  of  securing  strength  and  steadi- 
4  A  2  (833) 
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ness.     At   I  and   K,  behind  the  speculum, 
weights  might  be  apphed,  if  necessary,  for 

Fig.  71. 


counterbalancing  the  lever  power  of  tTie  long 
arm.  F  represents  the  position  of  the  eye- 
piece, and  G  H  the  joint  and  part  of  the 
pedestal  on  which  the  instrument  is  placed. 
With  regard  to  telescopes  of  smaller  dimen- 
sions, as  from  5  to  15  feet  in  focal  length — ■ 
with  the  exception  of  the  expense  of  the 
specula  and  eyepieces-— they  might  be  fitted 
up  for  a  sum  not  greater  than  from  3  to  10 
or  15  guineas. 

Were  any  person  to  attempt  the  construc- 
tion of  those  telescopes,  it  is  possible  he  might 
not  succeed  in  his  first  attempts  without  more 
minute  directions  than  I  have  yet  given.  The 
following   directions   may   perhaps    tend   to 
guide  the  experimenter  in  adjusting  the  eye- 
tube  to  the   speculum,  which  is  a  point  that 
requires  to  be  particularly  attended  to,  and  on 
which  depends  the  accurate  performance  of 
the  instrument.     After  having  fixed  the  eye- 
piece nearly  in  the  position  it  should  occupy, 
and  directed  the  instrument  to  a  particular 
object,  look  along  the  arm  of  the  telescope, 
from  K  (fig.  69)  to  the  extremity  of  the  eye- 
piece at  H,  and  observe  v/hether  it  nearly  co- 
mcides  with  the  object.     If  the  object  appear 
lower  than  this  line  of  vision,  the  eyepiece 
must  be  lowered,  and  if  higher,  it  must  be 
raised,  by  means  of  the  nuts  and  screws  at  g 
d  and  /  e,  till  the  object  and  the  line  of  vision 
now  stated  nearly  coincide.     The  eyepiece 
should  be  directed  as  nearly  perpendicular  to 
the  front  of  the  speculum  as  possible,  but  so 
that  the  reflected  image  of  one's  head  from 
the  mirror  shall  not  interfere  to  obstruct  the 
rays  from  the  object.     An  object  may  be  seen 
with  an  approximate  degree  of  distinctness, 
but  not  accurately,  unless  this  adjustment  be 
pretty   accurately  made.     The   astronomical 
eyepieces  used  for  these  telescopes  are  fitted 
with  a  brass  cap,  which  slides  on  the  end  next 
'the  eye,   and  is   capable   of  being   brought 
nearer  to  or  further  from  the  first  eyeglass. 
In  the  centre  of  this  cap,  next  the  eye,  is  a 
.small  hole,  about  the  J^th  or  ^'^th  of  an  inch 
(834) 


diameter,  or  about  as  wide  as  to  admit  ths 
point  of  a  pin  or  a  moderate-sized  needle. 
The  distance  of  this  hole  from  the  lens  next 
the  eye  must  be  adjusted  by  trial,  till  the 
whole  field  of  view  appear  distinct.  A  corn- 
mon  astronomical  eyepiece,  without  this  addi- 
tion, does  not  answer  well.  I  find,  by  ex- 
perience, that  terrestrial  eyepieces,  such  as 
those  used  in  good  achromatic  telescopes,  are, 
on  the  whole,  best  adapted  to  this  construc- 
tion of  a  reflecting  telescope. 

I  have  sometimes  used  these  instrumentg 
for  the  purpose  of  viewing  perspective  prints, 
which  they  exhibit  in  a  beautiful  and  inter- 
esting manner.  If  a  coloured  perspective  be 
placed  at  one  end  of  a  large  room  or  gallery, 
and  strongly  illuminated  either  by  the  sun  or 
by  two  candles,  and  one  of  the  reflectors,  fur- 
nished with  a  smollmagmfyingpoiver,  placed 
at  the  opposite  end  of  the  room,  the  repre- 
sentation of  a  street  or  a  landscape  will  be 
seen  in  its  true  perspective,  and  will  appear 
even  more  pleasant  and  interesting  than  when 
viewed  through  the  common  optical  diagonal 
machine.  If  an  inverting  eyepiece  be  used— 
which  is  most  eligible  in  this  experiment-— 
the  print,  of  course,  must  be  placed  in  an  in» 
verted  position. 

That  reflecting  telescopes  of  the  descrip- 
tions  now  stated   are  original  in  their  con- 
struction, appears  from  the  uniform  language 
of  optical  writers,  some   of  whom  have  pro- 
nounced such  attempts  to  be  altogether  im- 
practicable.    Sir  David  Brewster,  one  of  the 
latest  and  most  respectable  writers  on  this 
subject,  in  the  "Edinburgh  Encyclopedia," 
art.  Optics,  and  in  the  last  edition  of  his  Ap- 
pendix to  "Ferguson's  Lectures,"  has  the 
following  remarks:    "If  we   could  dispense 
with  the  use  of  the  small  specula  in  telescopes 
of  moderate  length,  by  inclining  the  great 
speculum,  and  using  an  oblique,  and,  conse- 
quently, a  distorted  reflection,  as  proposed 
first  by  Le  Maire,  we  should  consider  the 
Newtonian   telescope  as  perfect;   and  on  a 
large  scale,  or  when  the  instrument  exceeds 
20  feet,  it  has  undoubtedly  this  character,^  as 
nothing  can  be  more  simple  than  to  magnify, 
by  a  single  eyeglass,  the  image  formed  by  a 
single  speculum.     As  the  front  view  is  quite 
impracticable,  and,  indeed,  has  never  been 
attempted  in  instruments  of  a  small  size,  it 
becomes  of  great  practicable  consequence  to 
remove  as  much  as  possible  the  evils  which 
arise  from  the  use  of  a  small  speculum,"  &c. 
The  instruments  now  described  have  effect- 
uated, in  some   degree,  the  desirable  object 
alluded  to  by  this  distinguished  philosopher, 
and  the  mode  of  construction  is  neither  that 
of  Sir  W.  Herschel's  front  view,  nor  does  it 
coincide  with    that   proposed   by  Le^  Mair^ 
which  appears  to  have  been  a  mere  hint  that 
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was  never  realized  in  the  construction  of  re- 
jecting telescopes  of  a  small  size.  The  sim- 
plicity of  the  construction  of  these  instruments, 
and  the  excellence  of  their  performance,  have 
been  much  admired  by  several  scientific  gen- 
tlemen and  others  to  whom  they  have  been 
exhibited.  Prior  to  the  description  of  them 
in  the  Edinburgh  Philosophical  Journal,  they 
were  exhibited  in  the  Calton  Hill  Observatory, 
Edinburgh,  in  the  presence  of  Professor  Wal- 
lace and  another  gentleman,  Vv^ho  compared 
their  performance  with  that  of  an  excellent 
Gregorian.  As  this  instrument  is  distinguished 
from  every  other  telescope  in  being  used  with- 
out a  tube,  it  has  been  denominated  "  The 
Aerial  Rejiedorr 


Sectigk-  V. 
"Earl  of  Rosse^s  Reflecting  Telescopes, 

This  nobleman,  unlike  many  of  his  com- 
peers, has,  for  a  considerable  number  of  years- 
past,  devoted  his  attention  to  the  pursuits  of 
science,  and  particularly  to  the  improvement 
of  reflecting  telescopes.  He  is  evidently  pos- 
sessed of  high  mathematical  attainments,  com- 
bined with  an  uncommon  degi'ee  of  mechanical 
ingenuity.  About  14  or  15  years  ago,  he  en- 
gaged in  various  experiments  with  the  view 
of  counteracting  the  effects  of  the  spherical 
aberration  of  the  specula  of  reflecting  tele- 
scopes, which  imperfection,  if  it  could  be  com- 
pletely remedied,  would  render  the  reflecting 
telescope  almost  a  perfect  instrument,  as  it  is 
not  affected  by  the  ditferent  refrangibility  of 
the  rays  of  hght.  His  method,  we  believe, 
consisted  in  forming  a  large  speculum  of  two 
or  three  separate  pieces  of  metal,  which  were 
afterward  accurately  combined  into  one — a 
central  part,  which  was  surrounded  by  one  or 
two  rings  ground  on  the  same  tool.  When 
the  images  formed  by  the  separate  pieces  were 
made  exactly  to  coincide,  the  image  of  the 
object  towards  which  the  whole  speculum  was 
directed  was  then  found  to  be  as  distinct  as 
either  image  had  been  when  separate ;  but,  as 
the  period  referred  to,  a  sufficient  number  of 
experiments  had  not  been  made  to  determine 
that  his  lordship  had  completely  accomplished 
the  object  he  intended. 

Great  interest,  however,  has  of  late  been 
excited  by  the  improvements  which  his  lord- 
ship has  made  in  the  formation  of  specula. 
Sir  W.  Herschel  never  made  public  the  means 
by  vsrhich  he  succeeded  in  giving  such  gigantic 
developement  to  the  reflecting  telescope,  and 
therefore  the  construction  of  a  large  reflector 
has  been  considered  as  a  perilous  adventure ; 
butj  according  to  a  report  of  Dr.  Robinson,  of 


Armagh,  to  the  Irish  Academy,  the  Earl  of 
Rosse  has  overcome  the  difficulties  which  have 
hitherto  been  met  with,  and  carried  to  an  ex- 
tent which  even  Herschel  himself  did  not  ven- 
ture to  contemplate,  the  illuminating  power 
of  this  telescope,  along  with  a  sharpness  of 
definition  little  inferior  to  that  of  the  achro- 
matic ;  and  it  is  scarcely  possible,  he  observes, 
to  preserve  the  necessary  sobriety  of  language 
in  speaking  of  the  moon's  appearance  with 
this  instrument,  which  Dr.  Robinson  believes 
to  be  the  most  powerful  ever  constructed.  The 
difficulty  of  constructing  large  specula,  and 
of  imparting  to  them  the  requisite  degree  of 
polish,  has  hitherto  been  considered  so  great, 
that  from  eight  to  twelve  inches  diameter  has 
been,  in  general,  their  utmost  size;  indeed, 
except  with  the  greatest  reluctance,  London 
opticians  would  not  accept  of  orders  for  specula 
of  more  than  nine  inches  in  diameter.  It  ap- 
pears, however,  that  the  Earl  of  Rosse  has 
succeeded,  by  a  pecuhar  method  of  moulding, 
in  casting  object-mirrors  of  true  speculum 
metal  of  three  feet  in  diameter,  and  of  a 
weight  exceeding  17  cwt.  He  is  about  to 
construct  a  telescope,  the  speculum  of  which 
is  six  feet  in  diameter,  fifty  feet  focal  dis- 
tance, and  of  the  weight  of  four  tons  ;  and 
from  what  he  has  already  accomplished,  it  is 
not  doubted  that  he  possesses  the  power  to 
carry  his  design  into  effect.  These  great 
masses  of  metal,  which,  in  the  hands  of  all 
others  makers  of  specula,  would  have  been  as 
untractable  as  so  much  unannealed  flint-glass, 
the  Earl  of  Rosse  has  further  succeeded  in 
bringing  to  the  highest  degree  of  polish,  and 
the  utmost  perfection  of  curvature,  by  means 
of  machinery.  The  process  is  conducted  under 
water,  by  which  means  those  variations  of 
temperature,  so  fatal  to  the  finest  specula 
hitherto  attempted,  are  effectually  guarded 
against.  To  convince  Dr.  Robinson  of  the 
efficacy  of  this  machinery,  the  earl  took  the 
three-feet  speculum  out  of  its  telescope,  de- 
stroyed its  polished  surface,  and  placed  it  under 
the  mechanical  polisher.  In  six  hours  it  was 
taken  out  with  a  perfect  new  surface  as  bright 
as  the  original.  Under  the  old  system  of 
hand  polishing,  it  might  have  required  months, 
and  even  years,  to  effect  this  restoration.  Even 
before  achieving  these  extraordinary  triumphs 
on  the  solid  substance,  his  lordship  had  con- 
structed a  six-feet  reflector  by  covering  a 
curved  surface  of  brass  with  squares  of  the 
true  speculum  metal,  which  gave  an  immense 
quantity  of  light,  though  subject  to  some  ir- 
regularities, arising  from  the  number  of  join- 
ings necessary  in  such  a  mosaic  work.  Of 
the  performance  of  his  lordship's  great  tele- 
scope, mounted  with  this  reflector,  those  who 
have  seen  it  speak  in  terms  of  high  admira- 
tion ;  but  in  reference  to  the  smaller  and  more 
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perfect  instrument,  furnished  with  the  solid 
three-feet  sptculuiUj  the  language  of  the 
Armagh  astronomer  assumes  a  tone  of  en- 
thusiasm, and  even  of  sublimity.  By  means 
of  this  exquisite  instrument,  Dr.  Robinson 
and  Sir  J.  South,  in  the  intervals  of  a  rather 
unfavourable  night,  saw  several  new  stars, 
and  corrected  numerous  errors  of  other  ob- 
servers. For  example,  the  planet  Uranus, 
supposed  to  possess  a  ring  similar  to  that  of 
Saturn,  was  found  not  to  have  any  such  ap- 
pendage ;  and  those  nebulae,  hitherto  regard- 
ed, from  their  apparently  circular  outline,  as 
"  coalescing  systems,"  appeared,  when  tested 
by  the  three-feet  speculum,  to  be  very  far  in- 
deed from  presenting  a  globular  appearance, 
numerous  offshoots  and  appendages,  invisible 
by  other  telescopes,  appearing  in  all  directions 
radiating  from, their  edges.  Such  discoveries, 
which  reflect  great  honour  on  the  Earl  of 
Rosse,  will  doubtless  have  great  effect  on  the 
interests  of  astronomical  science.* 


Section  VI. 

Reflecting  Telescopes  with  Glass  Specula. 

After  making  a  variety  of  experiments  with 
aerial  telescopes  constructed  of  metallic  specula 
of  different  focal  lengths,  I  constructed  a 
telescope  on  the  same  plan  with  a  concave 
glass  mirror.  Having  obtained  a  fragment  of 
a  very  large  convex  mirror  which  happened 
accidentally  to  have  been  broken,  I  caused 
the  convex  side  to  be  foliated  or  silverized, 
and  found  its  focal  length  to  be  about  27 
inches.  This  mirror,  which  was  about  five 
inches  diameter,  I  placed  in  one  of  the  aerial 
reflectors  instead  of  the  metallic  speculum,  and 
tried  its  effects  with  different  terrestrial  eye- 
pieces. With  a  power  of  about  35  or  40 
times,  it  gave  a  beautiful  and  splendid  view 
of  distant  terrestrial  objects,  the  quantity  of 
light  reflected  from  them  being  considerably 
greater  than  when  a  metallic  speculum  was 
used,  and  they  appeared,  on  the  whole,  well 
defined.  The  only  imperfection — as  I  had 
foreseen — consisted  in  a  double  image  being 
formed  of  objects  which  were  remarkably 
bright  and  white,  such  as  a  lighthouse  whiten- 
ed on  the  outside,  and  strongly  illuminated 
by  the  sun.  One  of  the  images  was  bright, 
and  the  other  faint.  This  was  obviously 
owing  to  the  two  reflections  from  the  two  sur- 
faces of  the  mirror — one  from  the  convex 
silverized  side,  and  the  other  from  the  con- 
cave side  next  the  eye,  which  produced  the 

♦  A  particular  account  of  the  Earl  of  Rosse's  fifty- 
feet  reflector,  which  is  now  finished,  is  given  in 
the  Appendix. 
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faint  image — ^which  circumstance  has  beeo 
generally  considered  as  a  sufficient  reason  for 
rejecting  the  use  of  glass  specula  in  tele- 
scopes.  But,  although  very  bright  objects 
exhibited  a  double  image,  almost  all  the  other 
objects  in  the  terrestrial  landscape  appeared 
quite  distinct  and  without  any  secondary 
image,  so  that  a  common  observer  could 
scarcely  have  noticed  any  imperfection.  When 
the  instrument,  however,  was  directed  to  celes- 
tial objects,  the  secondary  image  was  some- 
what vivid,  so  that  every  object  appeared 
double.  Jupiter  appeared  with  two  bodies,  at 
a  little  distance  from  each  other,  and  his  four 
satellites  appeared  increased  to  eight.  The 
moon  likewise  appeared  as  a  double  orb,  but 
the  principal  image  was  distinct  and  well  de- 
fined. Such  a  telescope,  therefore,  was  not 
well  adapted  for  celestial  observations,  but 
might  answer  well  enough  for  viewing  ter- 
restrial objects. 

Considering  that  the  injurious  effects  of  the 
secondary  image  arose  from  the  images  re- 
flected from  the  two  surfaces  being  formed 
near  the  same  point,  and  at  nearly  the  same 
focal  distance,  I  formed  a  plan  for  destroying 
the  secondary  image,  or  at  least  counteracting 
its  effects,  by  forming  the  concavity  of  the 
mirror  next  the  eye  of  a  portion  of  a  sphere 
different  from  that  of  the  convex  side  which 
was  silverized,  and  from  which  the  principal 
image  is  formed ;  but,  for  a  long  time,  I  could 
find  no  opticians  possessed  of  tools  of  a  suf- 
ficient length  of  radii  for  accomphshing  my 
design.  At  length  a  London  working  optician 
undertook  to  finish  a  glass  speculum  accord- 
ing to  my  directions,  which  were,  that  the 
convex  surface  of  the  mirror  should  be  ground 
on  a  tool  which  would  produce  a  focal  dis- 
tance by  reflection  of  about  four  feet,  and  that 
the  concave  surface  should  have  its  focal  dis- 
tance at  about  three  feet  three  inches,  so  that 
the  secondary  image  might  be  formed  at  about 
nine  inches  within  the  focal  distance  of  the 
silverized  side,  and  not  interfere  to  disturb  the 
principal  image;  but,  either  from  ignorance 
or  inattention,  the  artist  mistook  the  radius 
for  the  half  radius  of  concavity,  and  the  spe- 
culum turned  out  to  be  only  23  inches  focal 
distance  by  reflection.  This  mirror  was  fitted 
up  as  a  telescope  on  the  aerial  plan,  and  I 
found,  as  I  expected,  the  secondary  image 
completely  destroyed.  It  produced  a  very 
beautiful  and  brilliant  view  of  land  objects, 
and  even  the  brightest  objects  exhibited  no 
double  image.  The  mirror  was  nearly  five 
inches  in  diameter,  but  the  image  was  most 
accurately  defined  when  the  aperture  waa 
contracted  to  about  three  inches.  It  was  fit- 
ted with  a  terrestrial  eyepiece  which  produced 
a  magnifying  power  of  about  25  times.  When 
directed  to  the  moon,  it  gave  a  very  distinct 
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and  luminous  view  of  that  orb,  without  the 
least  appearance  of  a  secondary  image ;  but 
as  the  focal  distance  of  the  speculum  was 
scarcely  half  the  length  I  had  prescribed,  I 
did  not  apply  to  it  any  high  astronomical 
powers,  as  I  find  that  these  can  only  be  ap- 
plied with  effect,  in  this  construction,  to  a 
speculum  of  a  considerable  focal  length.  Hap- 
pening to  have  at  hand  a  convex  lens  ten  feet 
focal  length  and  four  inches  in  diameter,  the 
one  side  of  which  had  been  ground  to  a  cer- 
tain degree  of  concavity,  I  caused  the  convex 
side  to  be  foliated,  which  produced  a  focus  by 
reflection  at  13^  inches  distant.  To  this  mir- 
ror I  applied  terrestrial  powers  of  15  and  24 
with  considerable  distinctness.  The  power 
of  15  produced  a  very  briUiant  and  distinct 
view  of  land  objects.  Had  the  mirror  been 
at  least  three  times  the  focal  length,  it  would 
have  formed  an  excellent  telescope  with  the 
same  aperture. 


Sectiojt  VIL 

A  Reflecting  Telescope,  with  a  Single  Mir- 
ror and  no  Eyepiece, 

On  the  same  principle  as  that  by  which  a 
reli'acting  telescope  may  be  constructed  by 
means  of  a  single  lens,  as  represented  fig, 
51  (page  86,)  we  may  form  a  telescope  by 
reflection  with  a  single  mirror  and  without  an 
eyepiece.  Let  A  B,  fig.  62,  represent  a  large 
concave  speculum,  and  C  its  focus :  if  an  eye 

Fig,  72. 
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be  placed  at  D,  about  eight  or  ten  inches  with- 
in the  focal  point  C,  all  the  objects  in  the 
iirection  of  C,  or  behind  the  spectator,  will  be 
seen  magnified  by  reflection  on  the  face  of  the 
mirror,  and  strongly  illuminated.  The  magni- 
fying power,  in  this  case,  will  be  nearly  in  the 
proportion  of  the  focal  length  of  the  mirror  to 
the  focal  length  of  the  eye  for  near  objects.  If, 
for  example,  the  focal  distance  of  the  mirror 
be  eight  feet,  and  the  distance  from  the  eye  at 
which  we  see  near  objects  most  distinctly  be 
eight  inches,  the  magnifying  power  will  be  in 
the  ratio  oi  8  to  96,  or  12  times.     I  have  a 


glass  mirror  of  this  description,  whose  focal 
length  is  four  feet  eight  inches,  and  diameter 
six  inches,  which  magnifies  distant  objects 
about  seven  times,  takes  in  a  large  field  of 
view,  and  exhibits  objects  with  great  brilliancy* 
It  presents  a  very  distinct  picture  of  the  moon, 
showing  the  different  streaks  of  light  and  shade 
upon  her  surface,  and  in  some  cases  shows 
the  larger  spots  which  traverse  the  solar  disk. 
This  mode  of  viewing  objects  is  extremely 
easy  and  pleasant,  especially  when  the  mirror 
is  of  a  large  diameter,  and  the  observer  is  at 
first  struck  and  gratified  with  the  novel  aspect 
in  which  the  objects  appear. 

Were  a  concave  mirror  of  this  description — 
whether  of  glass  or  of  speculum  metal — to  be 
formed  to  a  very  long  focus,  the  magnifying 
power  would  be  considerable.  One  of  50  feet 
focal  length,  and  of  a  corresponding  diameter, 
might  produce  a  magnifying  power,  to  certain 
eyes,  of  about  75  times ;  and,  from  the  quantity 
of  light  with  which  the  object  would  be  seen, 
its  effect  would  be  much  greater  than  the  same 
power  applied  to  a  common  telescope.  Sir 
W.  Herschel  states  that,  on  one  occasion,  by 
looking  with  his  naked  eye  on  the  speculum 
of  his  40  feet  reflector,  without  the  interposi- 
tion of  any  lens  or  mirror,  he  perceived  dis- 
tinctly one  of  the  satellites  of  Saturn,  which 
requires  the  application  of  a  considerable  power 
to  be  seen  by  an  ordinary  telescope.  Such  an 
instrument  is  one  of  the  most  simple  forms 
of  a  telescope,  and  would  exhibit  a  brilliant 
and  interesting  view  of  the  moon,  or  of  terres- 
trial objects. 

PniCES  OF  KEFLECTIIS^G  TELESCOPES. 

1.  Prices  as  stated  by  Messrs.  W.  and  S. 
Jones,  Holborn,  London. 

£.       s. 

A  4  feet,  7  inch  aperture,  Gre- 
gorian reflector,  with  the  vertical 
motions  upon  a  new  invented  prin- 
ciple, as  well  as  apparatus  to  render 
the  tube  more  steady  for  observation, 
according  to  the  additional  apparatus 
of  small  speculums,  eyepieces,  micro- 
meters, &c.         ,         from  £S0  to     120     0 

3  feet  long,  mounted  on  a  plain 
brass  stand    .         .         .         .         .       23     2 

Ditto  with  rack-work  motions,  im- 
proved mountings  and  metals  .       39    18 

2  feet  long,  without  rack-work, 
and  with  4  magnifying  powers,  im- 
proved .         .         .         .         .       15   15 

Ditto  improved,  with  rack-work 
motions  .  22     1 

18  inch,  on  a  plain  stand  .         9     9 

12  inch  ditto      ,.,.06 

2.  Prices  as  stated  by  Messrs.  TulleV; 
Islington. 
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1  foot  Gregorian  reflector,  on  pil- 
lar and  claw  stand,  metal  2^  inches 
diameter,  packed  in  a  mahogany  box         6     6 

1^  foot  ditto,  on  pillar  and  claw- 
stand,  metal  3  inches  diameter, 
packed  in  a  mahogany  box  .       1111 

2  feet  ditto,  metal  4  inches  diameter       16   16 
Ditto  with  rack-work  motions     .       25     4 

3  feet  ditto,  metal  5  inches  di- 
ameter, rack-work  motions      .         «       42     0 

4  feet  ditto,  metal  7  inches  diame- 
ter, on  a  tripod  stand  with  centre  of 
^avity  motion       .         .         .         .     105     0 

6  feet  ditto,  metal  9  inches  di- 
ameter «...         .     210 

7  feet  Newtonian,  6  inches  aper- 
ture       105 


NEWTONIAN    TELESCOPES. 


Diameter  in 
inches. 


12 
15' 

18 


7 
10 
J2 
15 
18 


Price  of  mir- 
rors alone. 


17 

25 

60 

120 

200 


Price  of  tele- 
scope  com- 
plete, with- 
out stand. 


27  10 

40  0 

90  0 

170  0 

260  0 


12  feet  ditto,  metal  12  inches  di- 
ameter .         « 


625     0 


3.  Prices  as  stated  by  Mr.  G.  Dollond,  St» 
Paul's  Churchyard. 

£'  6 

Reflecting  telescopes    14  inches 
long,  in  a  mahogany  box        ,         .         9     9 
Ditto  18  inches  ,         ,         .       12   12 

Ditto  2  feet        .         .         .         o       18   18 
Ditto  with  4  different  powers,  and 
rack-work  stand  supporting  the  tele- 
scope in  the  centre  of  gravity  .       36   15 
Ditto  3  feet,  with  ditto        ,         »       50     0 


0        4,  Prices  of  single  speculums  and  reflecting 
telescopes,  as  made  by  Mr.  Grub,  Charlemont 
0    Bridge-works,  Dubhn. 


GREGORIAN    REFLECTORS. 

Diameter  in 

Focal  length 

Price  of  tele- 
Price  of  niir- 1    acone  com- 

inches. 

in  feet. 

roisaloue. 

plete,  with- 

£.     8. 

out  stand. 

£.    s. 

6 

3 

17    10 

25      0 

7 

3 

25      0 

34      0 

9 

4^ 

35      0 

50      0 

12 

7 

70      0 

100      0 

15 

9 

150      0       2()0      0 

18 

12 

S40      0  ,     300      0 

ON"  THE  EYEPIECES  OF  TELESCOPES. 

Although  the  performance  of  telescopes 
chiefly  depends  on  the  goodness  of  the  object- 
glass,  or  the  object-speculum  of  the  instru- 
ment, yet  it  is  of  considerable  importance,  in 
order  to  distinct  vision,  and  to  obtain  a  large 
and  uniformly  distinct  field  of  view,  that  the 
eyepiece  be  properly  constructed.  The  dif- 
ferent kinds  of  eyepieces  may  be  arranged  into 
two  general  divisions.  Astronomical  and  Ter- 
restrial, 

1.  Astronomical  Eyepieces,  —  The  most 
simple  astronomical  eyepiece  is  that  which 
consists  of  a  single  convex  lens ;  and  when 
the  focal  distance  of  this  lens,  and  that  of  the 
object-glass  of  the  instrument,  is  accurately 
ascertained,  the  magnifying  power  may  be 
nicely  determined  by  dividing  the  focal  length 
of  the  object-lens  by  that  of  the  eyeglass;  but 
as  the  pencil  of  white  light  transmitted  by  the 
object-glass  will  be  divided  by  the  eyeglass 
into  its  component  colours,  the  object  will 
appear  bordered  with  coloured  fringes,  and 
the  distinctness  of  vision  consequently  injured ; 
besides,  the  spherical  aberration,  when  a  single 
lens  is  used,  is  much  greater  than  when  two 
or  more  glasses  are  employed:  hence  astro- 
nomical eyepieces  are  now  formed  by  a  com- 
bination of  at  least  two  lenses. 

The  com])ination  of  lenses  now  senerallv 
(83S)  ^  ^ 


used  for  astronomical  purposes  is  that  which 
is^  usually  denominated  the  Huy.genian  Ey&> 
piece,  having  been  first  proposed  by  the  ce]®» 
brated  Huygens  as  a  great  improvement  on 
the  single  lens  eyepiece.  The  following  figur© 
(73)  represents  a  section  of  this  eyepieces 

Fig.  73. 


Let  A  B  he  di  compounded  pencil  of  white 
light  proceeding  from  the  object-glass  -,  B  F  di 
plano-convex  field-glass,  with  its  plane  iside 
next  the  eyeglass  E.  The  red  rays  of  the 
pencil  A  B,  after  refraction,  would  cross  the 
axis  in  R,  and  the  violet  rays  in  F;  hut, 
meeting  the  eyeglass  E,  the  red  rays  will  be 
refracted  to  O,  and  the  violet  nearly  in  the 
same  direction,  when  they  will  cross  each 
other  about  the  point  O  in  the  axis,  and  unite. 
The  distance  of  the  two  glasses  F  E,  to  pro- 
duce this  correction,  when  made  of  crown 
glass,  must  be  equal  to  half  the  sum  of  theiy 


Hosted  by  Google 


ON  THE  EYEPIECES  OF  TELESCOPES. 


121 


focal  distances  nearly :  for  example,  suppose 
the  focal  distance  of  the  largest,  or  field-lens, 
to  be  three  inches,  and  the  focal  distance  of 
the  lens  next  the  eye  one  inch,  the  two  lenses 
should  be  placed  exactly  at  the  distance  of  two 
inches ,  the  sum  of  their  focal  length  being 
four,  the  half  of  which  is  two.  In  other 
words,  the  glass  next  the  eye  should  be  placed 
as  much  within  the  focus  of  the  field-giass  as 
is  equal  to  its  own  focal  distance.  The  focal 
length  of  a  single  lens  that  has  the  same  mag- 
nifying power  as  this  compound  eyepiece,  is 
equal  to  twice  the  product  of  the  focal  lengths 
of  the  two  lenses  divided  by  the  sum  of  the 
same  numbers ;  or,  it  is  equal  to  half  the 
focal  length  of  the  field-glass.  Thus,  in  refer- 
ence to  the  preceding  example,  twice  the  pro- 
duct of  the  focal  length  of  the  two  lenses  is 
equal  to  six,  and  their  sum  is  four.  The  for- 
mer number  divided  by  the  latter  produces  a 
quotient  o^  1  ^,  which  is  the  focal  length  of  a 
single  lens,  which  would  produce  the  same 
maguifynig  power  as  the  eyepiece:  and  1:^  is 
just  half  the  focal  length  of  the  field-glass. 
The  proportion  of  the  focal  lengths  of  the  two 
lenses  to  each  other,  according  to  Huygens, 
should  be  as  three  to  one ;  that  is,  if  the  field- 
glass  he  4^  inches,  the  eyeglass  should  be  1^, 
and  this  is  the  proportion  most  generally 
adopted ;  but  soine  opticians  have  recom- 
mended that  the  pro})ortion  should  be  as  three 
to  two.  Boscovich  recommended  two  similar 
lenses ;  and  in  this  case  the  distance  between 
them  was  equal  to  half  the  sum  of  their  focal 
distances,  as  in  the  Huygenian  eyepiece. 

The  image  is  formed  at  /  il/,  at  the  focal 
distance  of  the  lens  next  the  eye,  and  at  the 
same  distance  from  the  field-glass.  When  dis- 
tinct vision  is  the  principal  object  of  an  achro- 
matic telescope,  the  two  lenses  are  usually  both 
plano-convex,  and  fixed  with  their  curved  faces 
towards  the  object-glass,  as  in  the  figure. 
Sometimes,  however,  they  consist  of  what  is 
called  crossed  lenses,  that  is,  lenses  ground  on 
one  side  to  a  short  focus,  and  on  the  other  side 
to  a  pretty  long  focus,  the  sides  with  the  deep- 
est curves  being  turned  towards  the  object- 
glass.  A  diaphragm,  or  aperture  of  a  proper 
diameter,  is  placed  at  the  focus  of  the  eye-lens 
where  the  image  formed  by  the  object-glass 
falls,  for  the  purpose  of  cutting  off  the  extreme 
rays  of  the  field-lens,  and  rendering  every  part 
of  the  field  of  view  equally  distinct.  This  is 
likewise  the  form  of  the  eyepiece  generally 
applied  to  Gregorian  reflectors.  In  short,  when 
accurately  constructed,  it  is  applicable  to  tele- 
scopes of  every  description.  This  eyepiece, 
having  the  image  viewed  by  the  eye  behind 
the  inner  lens,  is  generally  called  the  negative 
eyepiece,  and  is  that  which  the  optical  instru- 
ment makers  usually  supply,  of  three  or  four 
different  sizes,  for  so  many  magnifying  powers, 


to  be  applied  to  different  celestial  objects,  a«> 
cording  to  their  nature,  or  the  state  of  the  atmo- 
sphere in  which  they  are  used. 

Ramsden^s  Eyepiece. — There  is  another 
modification  of  lenses,  known  by  the  name  of 
the  Positive,  or  Ramsden's  Eyepiece,  which 
is  much  used  in  transit  instruments,  and  tele- 
scopes which  are  furnished  with  micrometers, 
and  which  affords  equally  good  vision  as  the 
other  eyepiece.  In  this  construction  the  lenses 
are  plano-convex,  and  nearly  of  the  same  focus, 
but  are  placed  at  a  distance  from  each  other 
less  than  the  focal  distance  of  the  glass  next 
the  eye,  so  that  the  image  of  the  object  viewed 
is  beyond  both  the  lenses  when  measuring 
from  the  eye.  The  flat  faces  of  the  two  lenses 
are  turned  into  contrary  directions  in  this  eye- 
piece, one  facing  the  object-glass,  and  the 
other  the  eye  of  the  observer;  and  as  the 
image  formed  at  the  focus  of  the  object-glass 
lies  parallel  to  the  fiat  face  of  the  contiguous 
lens,  every  part  of  the  field  of  view  is  distinct 
at  the  same  adjustment,  or,  as  opticians  say, 
there  i«  a  flat  fields  which,  without  a  dia- 
phragm, prevents  distortion  of  the  object.  This 
eyepiece  is  represented  in  fig.  74,  where  A  B 

Fig.  74. 


and  C  D  are  tv^o  plano-convex  lenses,  with 
their  convex  sides  inward.  They  have  nearly 
the  some  focal  length,  and  are  placed  at  a  dis- 
tance from  each  other  equal  to  about  two-thirds 
of  the  focal  length  of  either.  The  focal  length 
to  an  equivalent  single  lens  is  equal  to  three- 
fourths  the  focal  length  of  either  lens,  sup- 
posing them  to  have  equal  focal  distances. 
This  eyepiece  is  generally  apphed  when  wires 
of  spider's  lines  are  used  in  the  common  focus, 
as  the  piece  containing  the  lenses  can  be  taken 
out  without  disturbing  the  lines,  and  is  ad- 
justable for  distinct  vision ;  and  whatever  may 
be  the  measure  of  any  object  given  by  the 
wire  micrometer  at  the  solar  focus,  it  is  not 
altered  by  a  change  of  the  magnifying  power 
when  a  second  eyepiece  of  this  construction  is 
substituted. 

A  berration  of  Lenses. — In  connexion  with 
the  above  descriptions,  the  following  state- 
ments respecting  the  spherical  aberration  of 
lenses  may  not  be  inappropriate.  Mr.  John 
Dollond,  in  a  letter  to  Mr.  Short,  remarks,  that 
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*'  the  aberration  in  a  single  lens  is  as  the  cube 
of  the  refracted  angle  ;  but  if  the  refraction  be 
caused  by  two  lenses,  the  sum  of  the  cubes  of 
each  half  will  be  a  quarter  of  the  refracted 
angle,  twice  the  cube  of  one  being  a  quarter 
of  the  cube  of  two.  So  three  times  the  cube 
of  one  is  only  onc-nintli  of  the  cube  of  three," 
&c.  Hence  the  indistinctness  of  the  borders 
of  the  field  of  view  of  a  telescope  is  diminish- 
ed by  increasing  the  number  of  lenses  in  an 
eyepiece.  Sir  J.  Herschel  has  shown  that  if 
two  plano-convex  lenses  are  put  together  as 
in  fig.  75,  the  aberration  will  be  only  0.2481, 
or  one-fourth  of  that  of  a  single  lens  in  its 
best  form.  The  focal  length  of  the  first  of 
these  lenses  must  be  to  that  of  the  second  as 
i  to  f .  If  their  focal  lengths  are  equal,  the 
aberration  will  be  0.603,  or  nearly  one-half. 
The  spherical  aberration,  however,  may  be 
entirely  destroyed  by  combining  a  meniscus 
and  double  convex  lens,  as  shown  in  fig.  76, 


Fig.  75. 


Fig.  76. 


the  convex  sides  being  turned  to  the  eye  when 
they  are  used  as  lenses,  and  to  parallel  rays 
when  they  are  used  as  burning  glasses.  Sir 
J.  Herschel  has  computed  the  following  cur- 
vatures for  such  lenses  : 

Focal  length  of  the  convex  lens  ,  -f- 10.000 
Radius  of  its  first  surface  .  .  -f  5.833 
Radius  of  its  second  surface  .    —35.000 

Focal  length  of  the  meniscus  .  -1-17.829 
Radius  of  its  first  surface      .  .      -}-  3.688 

Radius  of  its  second  surface  .     -f-   6.294 

Focal  length  of  the  compound  lens  -}-  6.407 
On  the  general  principles  above  stated,  a 
good  astronomical  eyepiece  may  be  easily  con- 
structed with  two  proper  lenses,  either  accord- 
ing to  the  plan  of  Huygens  or  that  of  Rams- 
den  :  and,  from  what  has  been  now  stated,  it 
is  demonstrably  certain  that,  in  all  cases  where 
Iwo  glasses  are  properly  combined,  such  an 
eyepiece  is  superior  to. a  single  lens  both  in 
point  of  distinctness  and  of  the  enlargement  of 
the  field  of  view.  I  lately  fitted  up  an  eye- 
piece, on  Ramsden's  principle,  with  two  lenses, 
each  about  three  inches  focal  length,  and  Ifths 
of  an  inch  in  diameter,  placed  at  half  an  inch 
distant,  with  their  convex  surface  facing  each 
other,  as  in  fig.  74,  which  forms  an  excellent 
eyepiece  for  an  achromatic  telescope  six  feet 
eight  inches  focal  distance  and  four  inches 
aperture,  particularly  for  viewing  clusters  of 
gtars,  the  Milky  Way,  and  the  large  nebulse. 
1840) 


The  field  of  view  is  large,  the  magnifyiiig 
power  is  only  between  50  and  60  times,"  and 
the  quantity  of  light  being  so  great,  every  celes- 
tial object  appears  with  great  brilUancy,  and 
it  is,  in  general,  much  more  preferable,  when 
applied  to  the  stars,  than  any  of  the  higher 
powers.  When  applied  to  Prsesepe  in  Can- 
cer, it  exhibits  that  group  at  one  view,  as  con- 
sisting of  nearly  100  stars,  which  exhibit  a 
beautiful  and  most  striking  appearance. 

It  may  appear  a  curious  circumstance  that 
any  eyepiece  which  is  good  with  a  short  tele- 
scope is  also  good  with  a  long  one,  but  that 
the  reverse  is  not  true ;  for  it  is  found  to  be 
more  difficult  to  make  a  good  eyepiece  for  a 
short  than  for  a  long  focal  distance  of  the 
object-glass. 

Celestial  eyepieces  are  sometimes  con- 
structed so  as  to  produce  variable  powers. 
This  is  efifected  by  giving  a  motion  to  the 
lens  next  the  eye,  so  as  to  remove  it  nearer 
to  or  further  from  the  field-lens;  for  at  every 
different  distance  at  which  it  is  placed  from 
the  other  lens,  the  magnifying  power  will 
eitl?r  be  increased  or  diminished.  The 
gr  atest  power  is  when  the  two  lenses  are 
nearly  in  contact,  and  the  power  diminishes 
in  proportion  to  the  distance  at  which  the 
glass  next  the  eye  is  removed  from  the  other. 
The  scale  of  distance,  however,  between  the 
two  lenses  cannot  be  greater  than  the  focal 
distance  of  the  field,  or  inner  glass ;  for  if  it 
were,  the  lenses  would  no  longer  form  an 
eyepiece,  but  would  be  changed  into  an  in- 
verting opera-glass.  For  effecting  the  pur- 
pose nov^  stated,  the  eyeglass  is  fixed  in  a 
tube,  which  slides  upon  an  interior  tube,  on 
which  is  marked  a  scale  of  distances  corre- 
sponding to  certain  magnifying  powers ;  and 
in  this  way  an  eyepiece  may  be  made  to 
magnify  about  double  the  number  of  times 
when  the  lenses  are  in  one  position  than 
when  they  are  in  another;  as,  for  example, 
all  the  powers  from  36  to  72  times  may  be 
thus  applied,  merely  by  regulating  the  dis- 
tance between  the  two  lenses.  When  the 
glasses  are  varied  in  this  manner,  the  eye- 
piece becomes  sometimes  a  positive  eyepiece, 
like  Rarasden's,  and  sometimes  a  negative 
one,  like  that  of  Huygens. 

Diagonal  Eyepieces. — The  eyepieces  to 
which  we  have  now  adverted,  when  adapted 
to  refracting  telescopes,  both  reverse  and  in- 
vert the  object,  and  therefore  are  not  calcu- 
lated for  showhig  terrestrial  objects  in  their 
natural  position;  but  as  the  heavenly  bodies 
are  of  a  spherical  form,  this  circumstance  de- 
tracts nothing  from  their  utility.  When  the 
celestial  object,  however,  is  at  a  high  alti+ude, 
the  observer  is  obliged  to  place  his  head  in  a 
very  inconvenient  position,  and  to  direct  his 
eye  nearly  upward  ;  in  which  position  he  can- 
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not  remain  long  at  ease,  or  observe  with  a  from  the  lens  A  B,  and  falling  upon  the  gpecu- 

gteady  eye.     To  remedy  this  inconvenience,  lum,  are  reflected  in  a  perpendicular  direction 

the^  diagonal    eyepiece    has    been    inverted,  to  the  lens  E  F,  where  they  enter  the  eye  at 

which  admits  of  the  eye  being  applied  at  the  G,  which  looks  down  upon  the  object  through 

side,  or  at  the  upper  part  of  the  eyepiece,  in-  the  side  of  the  tube.     The  real  size  of  this 

Btead  of  the  end ;  and  when  such  an  eyepiece  eyepiece  is  much  about  the  same  as  that  re- 

is  used,  It  is  of  no  importance  in  what  direc-  presented  in  the  figure.     When  apphed  to  an 

tion  the  telescope  is  elevated,  as  the  observer  achromatic  telescope  of  44^  inches  focal  dis- 

can  then  either  sit  or  stand  erect,  and  look  tance,  it  produces  a  magnifying  power  of  36 

down  upon  the  object  with  the  utmost  ease,  times,  and  exhibits  a  very  beautiful  view  of 

This  object  is  effected  by  placing  a  flat  piece  the  whole  of  the  full  moon.     It  likewise  pre- 

of  polished  speculum-metal  at  an  angle  of  45  sents   a  very  pleasing  prospect  of  terrestrial 

degrees  in  respect  to  the  two  lenses  of  the  objects,  which    appear  as  if  situated   imme- 

eyepiece,  which    alters   the   direction  of  the  diately  below  us. 

converging  rays,  and  forms  an  image  which  Another  plan   of  the  diagonal  eyepiece  is 

becomes  erect  with  respect  to  altitude,  but  is  represented  in  fig.  78,  where  the  speculum 


reversed  with  respect  to  azimuth;  that  is,  in 
other  words,  when  we  look  down  upon  the 
objects  in  the  field  of  view,  they  appear  erect; 
but  that  part  of  an  object  which  is  in  reality 
on  our  right  hand,  ayjpears  on  our  left;  and 
if  it  be  in  motion,  its  apparent  is  opposite  to 
Its  real  motion ;  if  it  be  moving  towards  the 
west,  it  will  seem  to  move  towards  the  east. 

There  are  three  situations  in  which  the 
diagonal  reflector  in  this  eyepeice  may  be 
placed.  It  may  be  placed  either,  1,  before 
the  eyepiece,  or,  2,  behind  it,  or,  3,  between 
the  two  lenses  of  which  the  eyepiece  consists. 
The  most  common  position  of  the  reflector  is 


Fig.  78. 


is  fixed  within 
the  sliding  tube 
which  receives 
the  eyepiece, 
or  immediately 
below  it.  The 
part  of  the 
tube  ^5  slides 
into  the  tube 
of  the  tele- 
scope, C  D  is 
the  speculum 
placed  at  half 
a  right   angle 


my  possession. 

Fig.  77 


C        B  ^ ^^ 

between  the  lenses ;  and  this  may  be  done  both  to  the  axis  of  the  tube,  and  E  F  thrtube"con- 
in  the  negative  and  the  positive  eyepieces;  but  taining  the  lenses,  which  stands  at  right  angles 
as  the  distance  between  the  two  lenses  is  to  the  position  of  the  telescope,  and  slides  fnto 
necessarily  considerable  to  make  room  for  the  an  exterior  tube,  and  the  eye  is  applied  at  G, 
diagonal  position  of  the  reflector,  the  magnify-  This  construction  of  the  diagonal  eyepiece 
ing  power  cannot  be  great;  otherwise  a  dia-  may  be  used  with  any  eyepiece  whatever, 
gonal  eyepiece  of  this  construction  remains  whether  the  Huygenian  or  that  of  Ramsden! 
always  in  adjustment,  and  is  useful  in  all  It  will  admit  of  any  magnifying  power,  and 
cases  where  a  high  power  is  not  required,  if  several  different  eyepieces  be  fitted  to  the 
The  precedrng  is  a  description  and  represen-  sliding  tube,  they  may  be  changed  at  pleasure, 
tation  of  a  diagonal  eyepiece  of  this  kind  in  This  form  of  the"  diagonal  eyepiece  I  therefore 
^„  ^^„..,.„,^„  consider  as  the  best  and  the  most  convenient 

In    fig.    77,    construction,  although   it   is   not   commonly 
A  B  represents    adopted  by  opticians. 

the  piano-con-  When  any  of  these  eyepieces  are  applied 
vex  lens  next  the  to  a  telescope,  with  the  lens  E  on  the  upper 
object,  which  is  part  of  it,  we  look  down  upon  the  object,  if  it 
about  2  inches  be  a  terrestrial  one,  as  if  it  were  under  our 
in  focal  length,  feet  If  we  turn  the  eyepiece  round  in  its 
and  j  of  an  inch  socket  a  quarter  of  a  circle  towards  the  left, 
in  diameter ;  C  an  object  directly  before  us  in  the  south  will 
D,  a  plain  me-  appear  as  if  it  were  in  the  west,  and  turned 
tallic  speculum  upside  down.  If,  from  this  position,  it  is 
of  an  oval  form,  turned  round  a  semicircle  towards  the  right, 
well  pohshed,  and  placed  at  half  a  right  angle  and  the  eye  applied,  the  same  object  will 
to  the  axis  of  the  tube ;  and  E  F  another  appear  as  if  it  were  situated  in  the  east,  and 
plano-conveir  lens,  about  1^  inch  focal  dis-  inverted  ;  and  if  it  be  turned  round  another 
tance.  The  centre  of  the  speculum  is  about  quadrant,  till  it  be  directly  opposite  to  its  first 
l^th  of  an  inch  from  the  lens  A  B,  and  about  position,  and  the  eye  applied  from  below,  the 
ha.lf  or  orie-third  of  an  inch  from  E  F',so  that  object  or  landscape  will  appear  as  if  suspended 
this  eyepiece  is  a  positive  one,  on  the  principle  in  the  atmosphere  above  us.  This  eyepiece, 
|)roposed  by  Ramsden.  The  rays  proceeding  therefore,  is  capable  of  exhibiting  objects  in  a 
106  4B  (841) 
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great  variety  of  aspects,  and  the  use  of  it  is 
both  pleasant  and  easy  for  the  observer.  But 
there  is  a  considerable  loss  of  light,  occa- 
siorifid  by  the  reflection  from  the  speculum, 
which  is  sensibly  felt  when  very  high  powers 
are  applied ;  and  therefore,  when  very  small 
stars  are  to  be  observed,  such  as  some  of  those 
connected  with  double  or  triple  stars,  the  ob- 
server should  not  study  his  own  ease  so  much 
as  the  quantity  of  light  he  can  retain  with  a 
high  power,  which  object  is  best  attained  with 
an  ordinary  eyepiece  and  a  telescope  of  large 
aperture. 

We  have  said  that  a  diagonal  eyepiece  may 
be  constructed  with  a  reflector  before  the 
eyepiece.  In  this  case,  the  speculum  is  some- 
times made  to  slide  before  the  eye  at  the 
requisite  angle  of  reclination,  in  which  appli- 
cation each  eyepiece  must  necessarily  have  a 
groove  to  receive  it,  and  the  eye  must  be 
applied  wdthout  a  hole  to  direct  it,  but  it  may 
be  put  on  and  taken  off  without  disturbing 
the  adiustment  for  distinct  vision,  and  is  very 
simple  in  its  ^pphcatioii.  But.  on  the  whole, 
the  form  represented  in  fig.  78  is  the  most 
convenient,  and  should  generally  be  preferred, 
as  any  common  astronomical  eyepiece  can  be 
applied  to  it.  I  have  used  a  diagonal  eyepiece 
of  this  kind  with  good  effect  when  a  power  of 
180  has  been  applied  to  the  sun  and  other 
celestial  objects. 

Instead  of  a  metallic  speculum,  a  rect- 
angular pi'ism  of  glass,  i&  sometimes  sub- 
stituted ;  for  the  rays  of  light  are  then  bent 
by  reflection  from  the  second  polished  surface, 
which  ought  to  be  d?'!/,  and  undergo  two  re- 
fractions, which  achromatize  them ;  and  the 
same  effect  is  thus  produced  as  by  polished 
metal.  Ramsden  sometimes  gave  one  of  the 
polished  faces  of  a  right-angled  prism  a  curve, 
which  prism  served  instead  of  a  lens  in  an 
eyepiece,  and  also  performed  the  office  of  a 
reflector.  A  semi-globe,  or  what  has  been 
called  a  bull's  eye,  has  also  been  used  as  a 
diagonal  eyepiece,  and  when  the  curve  is  well 
formed,  and  the  glass  good,  it  is  achromatic, 
and  is  said  to  perform  pretty  well,  but  it  is 
not  superior  to  the  forms  already  described. 


SECTio]sr  11. 

Terrestrial  Eyepieces, 

When  describing  the  common  refracting 
telescope  (p.  84,)  I  have  noticed  that  three 
eyeglasses,  placed  at  double  their  focal  dis- 
tances from  each  other,  formerly  constituted 
the  terrestrial  eyepiece,  as  represented  in  fig. 
47.  But  this  construction,  especially  for 
©chromatic  instruments,  has  now  become  ob- 
(842) 


solete,  and  is  never  used  except  in  email 
pocket  spyglasses  formed  with  a  single  ob- 
ject-lens. In  its  place  a  four  glassed  eye- 
piece has  been  substituted,  which  is  now  uni- 
versally used  in  all  good  telescopes,  and  which, 
besides  improving  the  vision  and  producing 
an  erect  position  of  the  images  of  objects^ 
presents  a  considerably  larger  field  of  view. 
During  the  progressive  stages  of  improvement 
made  in  the  construction  of  erect  eyepieces 
by  Dollond  and  Ramsden,  three,  four,  and 
five  lenses  were  successively  introduced  ;  and 
hence,  in  some  of  the  old  telescopes  con- 
structed by  these  artists,  we  frequently  find 
five  lenses  of  different  descriptions  composing 
the  eyepiece.  But  four  lenses,  arranged  in 
the  manner  I  am  now  about  to  describe,  have 
ultimately  obtained  the  preference.  In  a  tele- 
scope having  a  celestial  eyepiece  of  the  Huy- 
genian  form,  the  image  that  is  formed  in  the 
focus  of  the  object-glass  is  that  which  is  seen 
magnified,  and  in  an  inverted  position;  but 
when  a  four  glassed  eyepiece  is  used,  which 
produces  an  erect  view  ol  the  object,  the  image 
is  repeated,  and  the  second  image,  which  is 
formed  by  the  inner  pair  of  lenses,  A  B,  on 
an  enlarged  scale,  is  that  which  the  pair  of 
lenses,  C  D,  at  the  eye  end  render  \dsible  on 
a  scale  still  more  enlarged.  The  modern 
terrestrial  eyepiece,  represented  in  fig.  79,  isj 

Fig  79. 


in  fact,  nothing  else  than  a  compound  micro- 
scope, consisting  of  an  object-lens,  an  ampli- 
fying-lens,  and  an  eyepiece  composed  of  a 
pair  of  lenses  on  the  principle  of  the  Huy-  ' 
genian  eyepiece.  Its  properties  will  be  best 
understood  by  considering  the  first  image  of 
an  object,  which  is  formed  in  the  focus  of  the 
object-glass,  as  a  small  luminous  object  to  be 
rendered  visible,  in  a  magnified  state,  by  a 
compound  microscope.  The  object  to  be  mag- 
nified  may  be  considered  as  placed  near  the 
point  A,  and  the  magnified  image  at  i,  which 
is  viewed  by  the  lens  D.  Hence,  if  we  look 
through  such  an  eyepiece  at  a  small  object 
placed  very  near  the  lens  A,  we  shall  find 
that  it  acts  as  a  compound  microscope  of  a 
moderate  magnifying  power,  increasing,  in 
some  cases,  the  diameter  of  the  object  about 
10  times,  and  100  times  in  surface. 

In  order  to  distinguisji  the  different  lenses 
in  this  eyepiece,  we  may  call  the  lens  A 
which  is  next  to  the  first  image,  the  object- 
lens ;  the  next  to  it,  B,  the  the  amplifying-' 
lens  ;  the  third,  or  C,  the  Jield-kns  ;  and  the 
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3ne  next  the  eye,  D,  the  eye-lens.  The  first 
image,  formed  a  little  before  A,  may  be  de- 
nominated the  radiant,  or  the  object  from 
which  the  rays  proceed.  Now  it  is  well 
known  as  a  principle  in  optics,  that  if  the  ra- 
diant be  brought  nearer  to  the  lens  than  its 
principal  focus,  the  emerging  rays  will  di- 
verge^ and,  on  the  contrary,  if  the  radiant  be 
put  further  from  the  lens  than  its  principal 
focal  distance,  the  emerging  rays  will  converge 
to  a  point  at  a  distance  beyond  the  lens, 
which  will  depend  on  the  distance  of  the  ra- 
diant from  the  face  of  the  lens.  In  this  place 
an  image  of  the  radiant  will  be  formed  by  the 
concurrence  of  the  converging  rays,  but  in  a 
contrary  position  ;  and  the  length  of  the  image 
will  exceed  the  length  of  the  radiant  in  the 
same  proportion,  as  the  distance  of  the  image 
from  the  radiant  exceeds  that  of  the  radiant 
fi'om  the  lens.  This  secondary  image  of  the 
radiant  at  z,  is  not  well  defined  when  only 
one  lens,  as  A,  is  used,  owing  to  the  great 
spherical  aberrations,  and  therefore  the  ampli- 
fying lens  IS  placed  at  the  distance  ot  the 
shorter  conjugate  focus,  with  an  intervening 
diaphragm  of  a  small  diameter  at  the  place  of 
the  principal  focus ;  the  uses  of  which  lens 
and  diaphragm  are,  first,  to  cut  off  the  coloured 
rays  that  are  occasioned  bj  the  dispersive 
property  of  the  object-lens,  and,  secondly,  to 
bring  the  rays  to  a  shorter  conjugate  focus  for 
the  place  of  the  image  than  would  have  taken 
place  with  a  single  lens  having  only  one  re- 
fraction. As  the  secondary  image  is  in  this 
way  much  better  defined  and  free  from  colora- 
tion, the  addition  of  this  second  lens  is  a  great 
improvement  to  vision  For  this  reason,  I 
am  clearly  of  opinion  that  the  object-glass  of 
a  compound  microscope,  instead  of  consisting 
of  a  small  single  lens,  should  be  formed  of 
two  lenses  on  the  principle  now  stated,  which 
would  unquestionably  add  to  the  distinctness 
of  vision. 

With  respect  to  the  'proportions  of  the 
focal  lengths  of  the  lenses  in  this  four  glass 
eyepiece,  Mr.  Coddington  states,  that  if  the 
focal  lengths,  reckoning  from  A  to  D,  fig.  79, 
be  as  the  numbers  3,  4,  4,  and  3,  and  the 
distances  between  them  on  the  same  scale,  4, 
6,  and  5,  2,  the  radii,  reckoning  from  the 
outer  surface  of  A,  should  be  thus : 


a  meniscus. 


"{ 


First  surface  27 
Second  surface  1 
First  surface  9 
Second  surface  4 
First  surface  1  >  ,  . 
Second  surface  21  )  "^  ^  ' 

First  surface        1  ) 
Second  surface  24  C 


nearly  plano-convex. 


[ano-convex. 


double  convex. 


Sir  D.  Brewster  states  that  a  good  achro- 
matic eyepiece  may  be  made  of  four  lenses,  if 


their  focal  lengths,  reckoning  from  that  next 
the  object,  be  as  the  numbers  14,  21,  27,  32; 
their  distances,  23,  44,  40 ;  their  apertures, 
5.6,  3.4,  2.6 ;  and  the  aperture  of  the  dia- 
phragm placed  in  the  interior  fo(^us  of  the  fourth 
eyeglass,  7.  Another  proportion  may  be 
stated :  Suppose  the  lens  next  the  object,  A, 
to  be  l|ths  of  an  inch  focal  length,  then  B 
may  be  2^  inches;  O,  2  inches;  and  D,\^% 
and  their  distances,  A  B^  ^^;  B  C,  3f  ths ; 
and  C  Z),  2§ths.  In  one  of  Ramsden's  small 
telescopes,  whose  obje«",t-glass  was  8^  inches 
in  focal  length,  and  its  magnifying  power 
15.4,  the  focal  lengths  of  the  eyeglasses  were, 
A,  0.775  of  an  inch;  B,  1.025;  C,  1.01 ;  Z>, 
0.79;  the  distances,  ^  5,  1.18 ;  .5  C,  1.83 ; 
and  C  D,  1.105.  In  the  excellent  achromatic 
telescope  of  Dollond's  construction  which  be- 
longed to  the  Due  de  Chaulnes,  the  focal 
lengths  of  the  eyeglasses,  beginning  with  that 
next  the  object,  were  14^  lines,  19,  22f,  14; 
their  distances,  22.48  lines,  46.17,  21.45; 
and  their  thickness  at  the  centre,  1.23  lines, 
1.25,  1.47.  The  fourth  lens  was  plano-con- 
vex, with  the  plane  side  to  the  eye,  and  the 
rest  were  double  convex  lenses.  This  tele- 
scope was  in  focal  length  three  feet  five  and  a 
half  inches. 

The  magnifying  power  of  this  eyepiece,  as 
usually  made,  differs  only  in  a  small  degree 
from  what  would  be  produced  by  using  the 
first  or  the  fourth  glass  alone,  in  which  case 
the  magnifying  power  would  be  somewhat 
greater,  but  the  vision  less  distinct ;  and  were 
the  lens  next  the  eye  used  alone  without  the 
field-glass,  the  field  of  view  would  be  much 
contracted.  Stops  should  be  placed  between  the 
lenses  A  and  B,  near  to  B,  and  a  larger  one  be- 
tween C  and  D,  to  prevent  any  false  light  from 
passing  through  the  lenses  to  the  eye.  The 
more  stops  that  are  introduced  into  a  tele- 
scope— which  should  all  be  blackened — pro- 
vided they  do  not  hinder  the  pencils  of  light 
proceeding  from  the  object,  the  better  will  the 
instrument  perform. 

For  the  information  of  amateur  constructors 
of  telescopes,  I  shall  here  state  the  dimensions 
of  two  or  three  four  glassed  eyepieces  in  my 
possession,  which  perform  with  great  distinct- 
ness, and  present  a  pretty  large  field  of  view. 
In  one  of  these,  adapted  to  a  44^  inch  achro- 
matic, the  lens.  A,  next  the  object,  is  l^ths. 
of  an  inch  focal  length  and  about  one  inch 
in  diameter,  with  the  plane  side  next  the  ob- 
ject. The  focal  length  of  the  lens  B,  2  J^^th 
inches,  diameter  y'^gths  of  an  inch,  with  its 
plane  side  next  A ;  distance  of  these  lenses 
from  each  other,  2j4jjth  inches;  distance  of 
the  field-lens  C  from  the  lens  B,  5^  inches. 
The  small  hole  or  diaphragm  between  A  and 
B  is  at  the  focus  of  A,  and  is  about  one-sixth 
of  an  inch  in  diameter,  and  about  three-eighths 
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of  an  inch  from  the  lens  B.  The  field-lens 
C  is  two  inches  focal  length,  and  l^th  of  an 
inch  in  diameter,  with  its  plane  side  next  the 
eye.  The  lens  next  the  eye,  D,  is  one  inch 
focal  distance,  half  an  inch  in  diameter,  and 
is  distant  from  the  field-glass  l|thsof  an  inch, 
with  its  plane  side  next  the  eye.  The  mag- 
nifying power  of  this  eyepiece  is  equivalent 
to  that  of  a  single  lens  whose  focal  length  is 
half  an  inch,  and  with  the  44|^  inch  object- 
glass  produces  a  power  of  about  90  times. 
The  lens  next  the  eye  can  be  changed  for 
another  of  If  ths  of  an  inch  focal  length,  which 
produces  a  power  of  65,  and  the  two  glasses 
C  D  can  be  changed  for  another  set  of  a 
longer  focal  distance,  which  produces  a  power 
of  45  times.  The  whole  length  of  this  eye- 
piece is  11-|  inches. 

In  another  eyepiece,  adapted  to  a  pocket 
achromatic,  whose  object-glass  is  nine  inches 
focal  length,  the  lens  A  is  one  inch  focal 
length  and  half  an  inch  in  diameter ;  the  lens 

B,  l^th  of  an  inch,  and  half  an  inch  in  di- 
ameter; their  distance,  1^  inches;  the  lens 

C,  Ij'jth  of  an  inch  focal  length  and  five- 
eighths  of  an  inch  in  diameter ;  the  eyelens 

D,  five-eighths  of  an  inch  focal  length  and 
three-eighths  of  an  inch  in  diameter  ;  distance 
between  C  and  D,  l^th  of  an  inch ;  the  dis- 
tance between  B  and  C,  1-Jths  of  an  inch. 
The  whole  length  of  this  eyepiece  is  4^ 
inches,  and  its  power  is  nearly  equal  to  that 
of  a  single  lens  of  half  or  -p^Qths  of  an  inch 
focal  length,  the  magnifying  power  of  the 
telescope  being  about  16  times.  Another 
eyepiece  of  much  larger  dimensions  has  the 
lens  A  of  2^-  inches  focal  length  and  three- 
fourths  of  an  inch  in  diameter ;  the  lens  B, 
2|th  inches  focus  and  five-eighths  of  an  inch 
in  diameter,  and  their  distance  2f  th  inches ; 
the  lens  C,  2f  th  inches  focus  and  l-|th  of  an 
inch  in  diameter:  the  lens  D,  Ifths  of  an 
inch  focus  and  three-fourths  of  an  inch  in 
diameter ;  distance  from  each  other,  2jth 
inches.  The  distance  between  the  lenses  B 
and  C  is  four  inches.  The  magnifying  power 
is  equal  to  that  of  a  single  lens  If  th  of  an 
inch  focal  distance.  When  applied  to  an 
achromatic  object-glass  six  feet  seven  inches 
focal  length,  it  produces  a  power  of  about  70 
times  This  eyepiece  has  a  movable  tube 
nine  inches  in  length,  in  which  the  two  lenses 
next  the  eye  are  contained,  by  pulling  out 
which,  and  consequently  increasing  the  dis- 
tance between  the  lenses  B  and  C,  the  mag- 
nifying power  may  be  increased  to  100,  120, 
or  140,  according  to  the  distance  to  which 
this  movable  tube  is  drawn  out.  It  has  also 
&  second  and  third  set  of  lenses,  correspond- 
mg  to  C  and  D,  of  a  shorter  focal  distance, 
which  produce  higher  magnifying  powers  on 
a  principle  to  be  afterwards  explained. 

(S44) 


Description  of  an  Eyepiece,  4*c.,  of  an  ok 
Dutch  Achromatic  Telescope, 

About  twenty  or  thirty  years  ago,  I  pur° 
chased,  in  an  optician's  shop  in  Edinburgh,  a 
small  achromatic  telescope,  made  in  Amster- 
dam, which  was  supposed  by  the  optician  to 
have  been  constructed  prior  to  the  invention 
of  achromatic  telescopes  by  Mr.  Dollond.  It 
is  mounted  wholly  of  brass,  and  in  all  its  parts 
is  a  piece  of  beautiful  and  exquisite  workman- 
ship, and  the  utmost  care  seems  to  have  been 
taken  to  have  all  the  glasses  and  diaphragms 
accurately  adjusted.  The  object-glass  is  a 
double  achromatic,  6|  inches  focal  distance 
and  one  inch  in  diameter,  but  the  clear  aper- 
ture is  only  seven-eighths  of  an  inch  in  di- 
ameter. It  is  perfectly  achromatic,  and  would 
bear  a  power  of  50  times  if  it  had  a  sufficient 
quantity  of  light.  The  following  inscription 
is  engraved  on  the  tube  adjacent  to  the  ob- 
ject-glass :  "  Jan  van  Deyl  en  Zoon,  Invenit 
et  Fecit,  Amsterdam,  Ao.  1769."  Although 
Dollond  exhibited  the  principle  of  an  achro- 
matic eight  or  ten  years  before  the  date  here 
specified,  yet  it  is  not  improbable  that  the 
artist  whose  name  is  here  stated  may  not 
have  heard  of  Dollond's  invention,  and  that 
he  was  really,  as  he  assumes,  one  of  the  in- 
ventors of  the  achromatic  telescope ;  for  the 
invention  of  this  telescope  by  Dollond  was 
not  very  generally  known,  except  among  phi- 
losophers and  the  London  opticians,  till  a 
number  of  years  after  the  date  above  stated. 
Euler,  in  his  "  Letters  to  a  German  Princess," 
in  which  telescopes  are  particularly  described, 
makes  no  mention  of,  nor  the  least  allusion 
to,  the  invention  of  Dollond,  though  this  was 
a  subject  wHich  particularly  engaged  his  at- 
tention. Now  these  letters  were  written  in 
1762,  but  were  not  published  till  1770.  When 
alluding  to  the  defects  in  telescopes  arising 
fi-om  the  different  refrangibility  of  the  rays  of 
light,  in  Letter  43,  and  that  they  might  pos- 
sibly be  rectified  by  means  of  different  trans- 
parent substances,  he  says,  "  But  neither 
theory  nor  practice  have  hitherto  been  carried 
to  the  degree  of  perfection  necessary  to  the 
execution  of  a  structure  which  should  remedy 
these  defects."  Mr.  B.  Martin,  in  his  "  Gen- 
tleman and  Lady's  Philosophy,"  published  in 
1781,  alludes  to  the  achromatic  telescope,  buj 
speaks  of  it  as  if  it  were  but  very  little,  if  a' 
all,  superior  to  the  common  refracting  tele- 
scope :  and  therefore  I  think  it  highly  proba- 
ble that  Jan  van  Deyl  was  really  an  inventoi 
of  an  achromatic  telescope  before  he  had  any 
notice  of  what  Dollond  and  others  had  done 
in  this  way  some  short  time  before. 

But  my  principal  object  in  adverting  to  this 
telescope  is  to  describe  the  structure  of  the 
eyepiece,  which  is  a  very  fine  one,  and  which 
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is  somewhat  dilTerent  from  the  achromatic 
eyepiece  above  described.  It  consists  of  four 
glasses,  two  combined  next  the  eye,  and  two 
next  the  object.  Each  of  these  combinations 
forms  an  astronomical  eyepiece  nearly  similar 
to  the  Huygenian.  The  lens  A, .  next  the 
object,  iig.  80,  is  five-eighths  of  an  inch  focal 

Fig.  80. 


distance,  and  y\ths  of  an  inch  in  diameter ;  the 
lens  B,  three-eighths  of  an  inch  focus,  and 
one-fifth  of  an  inch  in  diameter,  and  the  dis- 
tance between  them  somewhat  less  than  five- 
eighths  of  an  inch ;  the  diameter  of  the  aper- 
ture e  about  J^th  of  an  inch.  This  combina- 
tion forms  an  excellent  astronomical  eyepiece, 
with  a  large  flat  field,  and  its  magnifying 
power  is  equivalent  to  that  of  a  single  lens 
five-eighths  or  six-eighths  of  an  inch  focal 
length.  The  lens  C  is  half  an  inch  focal 
length,  and  /^  ths  of  an  inch  in  diameter ;  the 
lens  Z)  a  quarter  of  an  inch  focus,  and  about 
one-fifth  of  an  inch  in  diameter;  their  dis- 
tance about  half  an  inch,  or  a  small  fraction 
more.  The  hole  at  d  is  about  ^^^^-th  or  ^'^th  of 
an  inch  in  diameter,  and  the  distance  between 
the  lenses  B  and  C  about  1  ^  inches.  The 
whole  length  of  the  eyepiece  is  3^th  inches — 
exactly  the  same  size  as  represented  in  the 
engraving.  Its  magnifying  power  is  equal  to 
that  of  a  single  lens  one-fourth  of  an  inch 
focal  length ;  and  consequently  the  telescope, 
though  only  9^  inches  long,  magnifies  twen- 
ty-six times  with  great  distinctness,  though 
there  is  a  little  deficiency  of  light  when  view- 
ing land  objects  which  are  not  well  illu- 
minated. 

The  glasses  of  this  telescope  are  all  plano- 
convex, with  their  convex  sides  towards  the 
object,  except  the  lens  D,  which  is  double 
convex,  but  flattest  on  the  side  next  the  eye, 
and  they  are  all  very  accurately  finished.  The 
two  lenses  C  and  D  form  an  astronomical 
eyepiece  nearly  similar  to  that  formed  by  the 
lenses  A  and  B.  The  focus  of  the  telescope 
is  adjusted  by  a  screw,  the  threads  of  which 
are  formed  upon  the  outside  of  a  tube  into 
which  the  eyepiece  shdes.  The  eyepiece  and 
apparatus  connected  with  it  is  screwed  into 
the  inside  of  the  main  tube  when  not  in  use, 
when  the  instrument  forms  a  compact  brass 
cylinder  six  inches  long,  which  is  inclosed  in 
a  fish-skin  case,  lined  with  silk  velvet,  which 
opens  with  hinges. 

The  lenses  in  the  eyepieces  formerly  de- 


scribed, though  stated  to  be  plano-convexes, 
are,  for  the  most  part,  crossed  glasses,  that  is, 
ground  on  tools  of  a  long  focus  on  the  one 
side,  and  to  a  short  focus  on  the  other.  The 
construction  of  the  eyepiece  of  the  Dutch 
telescope  above  described  is  one  which  might 
be  adopted  with  a  good  eifect  in  most  of  our 
achromatic  telescopes;  and  I  am  per- 
suaded, from  the  application  I  have  made 
of  it  to  various  telescopes,  that  it  is  even 
superior  in  distinctness  and  accuracy, 
and  in  the  flatness  of  field  which  it  pro- 
1^  duces,  to  the  eyepiece  in  common  use. 
The  two  astronomical  eyepieces  of 
which  it  consists,  when  applied  to  large 
achromatic  telescopes,  perform  with  great 
accuracy,  and  are  excellently  adapted  for 
celestial  observations. 


Sectiojst  III. 
Description  of  the  Pancratic  Eyetuhe, 

From  what  we  have  stated  when  describing 
the  common  terrestrial  eyepiece  now  applied 
to  achromatic  instruments  (p.  134,  fig.  79,) 
it  appears  obvious  that  any  variety  of  magni- 
fying powers,  within  certain  limits,  may  be 
obtained  by  removing  the  set  of  lenses  G  D, 
fig.  79,  nearer  to  or  further  from  the  tube 
which  contains  the  lenses  A  and  B,  on  the 
same  principle  as  the  magnifying  power  of  a 
compound  microscope  is  increased  by  remov» 
ing  the  eyeglasses  to  a  greater  distance  fi'om 
the  object-lens.  If,  then,  the  pair  of  eye- 
lenses  C  D  he  attached  to  an  inner  tube  that 
will  draw  out  and  increase  their  distance  from 
the  inner  pair  of  lenses,  as  the  tube  a  h  c  dy 
the  magnifying  power  may  be  indefinitely  in- 
creased or  diminished  by  pushing  in  or  draw- 
ing out  the  sliding  tube,  and  a  scale  might  be 
placed  on  this  tube,  which,  if  divided  into 
equal  intervals,  will  be  a  scale  of  magnifying 
powers,  by  which  the  power  of  the  telescope 
will  be  seen  at  every  division,  when  the  lowest 
power  is  once  determined. 

Sir  David  Brewster,  in  his  "Treatise  on 
New  Philosophical  Instruments,"  Book  I. 
chap.  vii.  page  59,  published  in  1813,  has  ad- 
verted to  this  circumstance  in  his  description 
of  an  ^'Eyepiece  Wire  Micrometer,"  and 
complains  of  Mr.  Ezekiel  Walker  having  in 
the  "  Philosophical  Magazine"  for  August, 
1811,  described  such  an  instrument  as  an  in- 
vention of  his  own.  Dr.  Kitchener  some 
years  afterward  described  what  he  called  a 
Pancratic  or  omni})otent  eyepiece,  and  got  one 
made  by  Dollond,  with  a  few  modifications 
different  from  that  suggested  by  Brewster  and 
Walker,  which  were  little  else  than  cutting 
4  B  2  (845^ 
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the  single  tube  into  several  parts,  and  giving 
it  the  appearance  of  a  new^  invention.  In 
*act,  none  of  these  gentlemen  had  a  right  to 
claim  it  as  his  peculiar  invention,  as  the  prin- 
ciple was  known  and  recognized  long  before. 
I  had  increased  the  magnifying  powers  of 
telescopes  on  the  same  principle  several  years 
before  any  of  these  gentlemen  communicated 
their  views  on  the  subject,  although  I  never 
formerly  constructed  a  scale  of  powers.  Mr. 
B.  Martin,  who  died  in  1782,  proposed,  many 
years  before,  such  a  movable  interior  tube  as 
that  alluded  to  for  varying  the  magnifying 
power. 

In  order  to  give  the  reader  a  more  specific 
idea  of  this  contrivance,  I  shall  present  him 
with  a  figure  and  description  of  one  of  Dr. 
Kitchener's  pancratic  eyepieces,  copied  from 
one  lately  in  my  possession.  The  following 
are  the  exact  dimensions  of  this  instrument, 
with  the  focal  distances,  &c.j  of  the  glasses, 
&c.,  of  which  it  is  composed. 

In.  Tenths. 

Length  of  the  whole  eyepiece, 
consisting  of  four  tubes,  when  fully 
drawn  out,  or  the  distance  from  A 
to  5,  fig.  81         .         .         .         .  U       4 

Length  of  the  three  tubes  on 
which  the  scale  is  engraved,  from 
the  commencement  of  the  divisions 
at  B  to  their  termination  at  C      .     9      15 

Each  division  into  tens  is  equal 
to  3-lOths  of  an  inch. 

When  the  three  inner  tubes  are 
shut  up  to  C,  the  length  of  the 
eyepiece  is  exactly       .         .         .55 

When  these  tubes  are  thus  shut 
up,  the  magnifying  power  for  a  3^ 
feet  achromatic  is  100  times,  which 
is  the  smallest  power.  When  the 
inner  tuoe  is  drawn  out  one- third 
of  an  inch,  or  to  the  first  division, 
the  power  is  110,  &c. 
Focal  distance  of  the  lens  next  the 

object      .         .         .         .         .10 
Breadth  of  ditto  .         .         .     0     65 

The  plane  side  of  this  glass  is  next 

the  object. 

Focal  distance  of  the  second 
glass  from  the  object    .         .         .16 

This  glass  is  double  and  equally 
convex. 


In.  Tentfes 

Breadth      . 

0 

6 

Distance  between  these  two  glasses 

1 

7 

Focal  distance  of  the  third  or 

field  lens,  which  is  plane  on  the 

side  next  the  eye 

1 

1 

Beadth  of  ditto   .... 

0 

55 

Focal  distance  of  the  lens  next  the 

eye          ..... 

0 

6 

Breadth      ..... 

0 

43 

This  glass  is  plane  on  the  side  next 

the  eye. 

Distance  between   the   third  and 

fourth  glasses 

1 

1 

From  the  figure  and  description,  the  reader 
will  be  at  no  loss  to  perceive  how  the  magni- 
fying power  is  ascertained  by  this  eyepiece. 
If  the  lowest  power  for  a  44  inch  telescope 
be  found  to  be  100  when  the  three  sliding 
tubes  are  shut  into  the  larger  one,  then  by 
drawing  out  the  tube  next  the  eye  four  divi- 
sions, a  power  of  140  is  produced ;  by  draw- 
ing out  the  tube  next  the  eye  its  whole  length, 
and  the  second  tube  to  the  division  marked 
220,  a  power  of  220  times  is  produced ;  and 
drawing  out  all  the  tubes  to  their  utmost  ex- 
tent, as  represented  in  the  figure,  a  power  of 
400  is  obtained.  These  powers  are  by  far 
too  high  for  such  a  telescope,  as  the  powers 
between  300  and  400  can  seldom  or  never  be 
used.  Were  the  scale  to  begin  at  50  and  ter^ 
minate  at  200,  it  would  be  much  better 
adapted  to  a  3^  feet  telescope.  Each  altera^ 
tion  of  the  magnifying  power  requires  a  new 
adjustment  of  the  eyepiece  for  distinct  vision. 
As  the  magnifying  power  is  increased,  the 
distance  between  the  eyeglass  and  the  object- 
glass  must  be  diminished.  Dr.  Kitchener 
says  that  "the  pancratic  eye-tube  gives  a 
better  defined  image  of  a  fixed  star,  and  shows 
double  stars  decidedly  more  distinct  and  per- 
fectly separated,  than  any  other  eyetube,  and 
that  such  tubes  will  probably  enable  us  to  de- 
termine the  distances  of  these  objects  fi'om 
each  other  in  a  more  perfect  manner  than  baa 
been  possible  heretofore."  These  tubes  are 
made  by  Dollond,  London,  and  are  sold  for 
two  guineas  each ;  but  I  do  not  think  they 
excel  in  distinctness  those  which  are  occa* 
sionally  made  by  Mr.  Tulley  and  oilier  op« 
ticians. 


Fig.  8L 
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CHAPTER  VL 

Miscellaneous  ReTuarks  in  Relation  to  TelescopeSo 


Thu  following  remarks,  chiefly  in  regard 
to  the  manner  of  using  telescopes,  may  per- 
haps be  useful  to  young  observers,  who  are 
not  much  accustomed  to  the  mode  of  manag- 
ing these  instruments. 

1.  Adjustments  requisite  to  be  attended  to 
in  the  use  of  Telescopes. — When  near  ob- 
jects are  viewed  with  a  considerable  magni- 
fying power,  the  eyetube  requires  to  be 
removed  further  from  the  object-glass  than 
when  very  distant  objects  are  contemplated. 
When  the  telescope  is  adjusted  for  an  object 
6,  8,  or  10  miles  distant,  a  very  considerable 
alteration  in  the  adjustment  is  requisite  in 
order  to  see  distinctly  an  object  at  the  dis- 
tance of  two  or  three  hundred  yards,  espe- 
cially if  the  instrument  is  furnished  with  a 
high  magnifying  power.  In  this  last  case, 
the  eyetube  requires  to  be  drawn  out  to  a 
considerable  distance  beyond  the  focus  for 
parallel  rays.  I  have  found  that,  in  a  tele- 
scope which  magnifies  70  times,  when  ad- 
justed for  an  object  at  the  distance  of  two 
rriiles,  the  adjustment  requires  to  be  altered 
fully  one  inch  in  order  to  perceive  distinctly 
an  object  at  the  distance  of  two  or  three  hun- 
dred yards ;  that  is,  the  tube  must  be  drawn, 
in  this  case,  an  inch  further  from  the  object- 
glass,  and  pushed  in  the  same  extent,  when 
we  wish  to  view  an  objefct  at  the  distance  of 
two  or  three  miles.  These  adjustments  are 
made,  in  pocket  perspectives,  by  gently  sliding 
the  eyetube  in  or  out,  by  giving  it  a  gentle 
circular  or  spiral  motion,  till  the  object  appear 
distinct.  In  using  telescopes  which  are  held 
in  the  hand,  the  best  plan  is  to  draw  all  the 
tubes  out  to  their  full  length,  and  then,  look- 
ing at  the  object,  with  the  left  hand  support- 
ing the  main  tube  near  the  object-glass,  and 
the  right  supporting  the  eyetube,  gently  and 
gradually  push  in  the  eyepiece  till  distinct 
vision  be  obtained.  In  Gregorian  reflecting 
telescopes  this  adjustment  is  made  by  means 
of  a  screw  connected  with  the  small  specu- 
lum ;  and  in  large  achromatics,  by  means  of 
a  rack  and  pinion  connected  with  the  eyetube. 
Wben  the  magnifying  power  of  a  telescope 
is  comparatively  small,  the  eyetube  requires 
to  be  altered  only  a  very  little. 

There  is  another  adjustment  requisite  to 
be  attended  to  in  order  to  adapt  the  telescope 
to  the  eyes  of  different  persons.  Those 
whose  eyes  are  too  convex,  or  who  are  shmt- 


sighted,  require  the  eyetube  to  be  pushed  in, 
and  those  whose  eyes  are  somewhat  flattened, 
as  old  people,  require  the  tube  to  be  drawn 
out.  Indeed,  there  are  scarcely  two  persons 
whose  eyes  do  not  require  different  adjust- 
ments in  a  slight  degree.  In  some  cases  I 
have  found  that  the  difference  of  adjustment 
for  two  individuals,  in  order  to  produce  dis- 
tinct vision  in  each,  amounted  to  nearly  half 
an  inch.  Hence  the  difficulty  of  exhibiting 
the  sun,  moon,  and  planets  through  telescopes, 
and  even  terrestrial  objects,  to  a  company  of 
persons  who  are  unacquainted  with  the  mode 
of  using  or  adjusting  such  instruments,  not 
one-half  of  whom  generally  see  the  object 
distinctly ;  for  upon  the  proper  adjustment  of 
a  telescope  to  the  eye,  the  accuracy  of  vision 
in  all  cases  depends,  and  no  one  except  the 
individual  actually  looking  through  the  in- 
strument can  be  certain  that  it  is  accurately 
adjusted  to  his  eye ;  and  even  the  individual 
himself,  from  not  being  accustomed  to  the 
view  of  certain  objects,  may  be  uncertain 
whether  or  not  the  adjustment  be  correct.  I 
have  found  by  experience  that  when  the 
magnifying  powers  are  high,  as  150  or  200, 
the  difference  of  adjustment  required  for  dif- 
ferent eyes  is  very  slight;  but  when  low 
powers  are  used,  as  20,  30,  or  40,  the  differ- 
ence of  the  requisite  adjustments  is  sometimes 
very  considerable,  amounting  to  a  quarter  or 
half  an  inch. 

2.  State  of  the  Atmosphere  most  proper  for 
observing  Terrestrial  and  Celestial  Objects, 
— The  atmosphere  which  is  thrown  around  the 
globe,  while  it  is  essentially  requisite  to  the 
physical  constitution  of  our  world,  and  the 
comfort  of  its  inhabitants,  is  found  in  many 
instances  a  serious  obstruction  to  the  accurate 
performance  of  telescopes.  Sometimes  it  ia 
obscured  by  mists  and  exhalations ;  sometimes 
it  is  thrown  into  violent  undulations  by  the 
heat  of  the  sun  and  the  process  of  evaporation ; 
and  even,  in  certain  cases,  where  there  appears 
a  pure  unclouded  azure,  there  is  an  agitation 
among  its  particles  and  the  substances  incor- 
porated with  them  which  prevents  the  tele- 
scope from  producing  distinct  vision  either  of 
terrestrial  or  celestial  objects.  For  viewing 
distant  terrestrial  objects,  especially  with  high 
powers,  the  best  time  is  early  in  the  morning, 
a  little  after  sunrise,  and  from  that  period  till 
ahout  nine  o'clock,  a.m.  in  summer,  and  in  the 
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evening  about  two  or  three  hours  before  sun- 
set. From  about  ten  o'clock,  a.m.  till  four  or 
five  in  the  afternoon,  in  summer,  if  the  sky  be 
clear  and  the  sun  shining,  there  is  generally  a 
considerable  undulation  in  the  atmosphere, 
occasioned  by  the  solar  rays  and  the  rapid 
evaporation,  which  prevents  high  powers  from 
being  used  with  distinctness  on  any  telescope, 
however  excellent.  The  objects  at  such  times, 
when  powers  of  50,  70,  or  100  are  applied, 
appear  to  undulate  like  the  waves  of  the  sea, 
and,  notwithstanding  every  effort  to  adjust  the 
telescope,  they  appear  confused  and  indistinct. 
Even  with  very  moderate  magnifying  powers 
this  imperfection  is  perceptible.  In  such  cir- 
cumstances,  I  have  sometimes  used  a  power 
of  200  times  on  distant  land  objects  with  good 
effect  a  Httle  before  sunset,  when,  in  the  fore- 
noon of  the  same  day,  I  could  not  have  ap- 
plied a  powder  of  50  with  any  degree  of  dis- 
tinctness. On  days  when  the  air  is  clear  and 
the  atmosphere  covered  with  clouds,  terrestrial 
objects  may  be  viewed  with  considerably  high 
powers.  When  there  has  been  a  long  con- 
tinued drought,  the  atmosphere  is  then  in  a 
very  unfit  state  for  enjoying  distinct  vision 
with  high  magnifying  powers,  on  account  of 
the  quantity  of  vapours  with  which  the  atmo- 
sphere is  then  surcharged,  and  the  undula- 
tions they  produce.  But,  after  copious  show- 
ers of  rain,  especially  if  accompanied  with  high 
winds,  the  air  is  purified,  and  distant  objects 
appear  with  greater  brilliancy  and  distinct- 
ness than  at  any  other  seasons.  In  using 
telescopes,  the  objects  at  which  we  look  should, 
if  possible,  be  nearly  in  a  direction  opposite  to 
that  of  the  sun.  When  they  are  viewed  nearly 
m  the  direction  of  the  sun,  their  shadows  are 
turned  towards  us,  and  they  consequently  ap- 
pear dim  and  obscure.  By  not  attending  to 
this  circumstance,  some  persons,  in  trying 
telescopes,  have  pronounced  a  good  instrument 
to  be  imperfect,  which,  had  it  been  tried  on 
objects  properly  illuminated,  would  have  been 
found  to  be  excellent.  In  our  variable  north- 
erly climate  the  atmosphere  is  not  so  clear  and 
serene  for  telescopic  observation  as  in  Italy, 
the  south  of  France,  and  in  many  of  the  coun- 
tries which  lie  within  the  tropics.  The  undu- 
lations of  the  air,  owing  to  the  causes  alluded 
to  above,  constitute  one  of  the  principal  rea- 
sons why  a  telescope  magnifying  above  a  hun- 
dred times  can  seldom  be  used  with  any  good 
effect  in  viewing  terrestrial  objects,  though  I 
have  sometimes  used  a  power  of  nearly  200 
with  considerable  distinctness  in  the  stillness 
of  a  summer  or  autumnal  evening,  w^hen  the 
rays  of  the  declining  sun  strongly  illuminated 
distant  objects. 

The  atmosphere  is  likewise  frequently  a 
great  obstruction  to  the  distinct  perception  of 
celestial  objects.    It  is  scarcely  possible  for  one 
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who  has  not  been  accustomed  to  astronomies^ 
observations  to  form  a  conception  of  the  very 
great  difference  there  is  in  the  appearance  of 
some  of  the  heavenly  bodies  in  different  states 
of  the  atmosphere.  There  are  certain  condi- 
tions of  the  atmosphere  essentially  requisite 
for  making  accurate  observations  with  power 
ful  telescopes,  and  it  is  but  seldom,  especially 
in  our  climate,  that  all  the  favourable  circum- 
stances concur.  The  nights  must  be  very 
clear  and  serene — the  moon  absent- — no  twi- 
light— no  haziness — no  violent  wind — no 
sudden  change  of  temperature,  as  from  thaw 
to  frost — and  no  surcharge  of  the  atmosphere 
with  aqueous  vapour.  I  have  frequently  found 
that,  on  the  first  and  second  nights  after  a 
thaw,  when  a  strong  frost  had  set  in,  and  when 
the  heavens  appeared  very  brilliant,  and  the 
stars  vivid  and  sparkling,  the  planets,  when 
viewed  vi'ith  high  powers,  appeared  remark- 
ably undefined  and  indistinct ;  their  margins 
appeared  waving  and  jagged ;  and  the  belts 
of  Jupiter,  which  at  other  times  were  remark- 
ably distinct,  were  so  obscured  and  ill  defined 
that  they  could  with  difficulty  be  traced.  This 
was  probably  owing  to  the  quantity  of  aque- 
ous vapour,  and  perhaps  icy  particles,  then 
floating  in  the  air,  and  to  the  undulations 
thereby  produced.  When  a  hard  frost  has 
continued  a  considerable  time,  this  impedi- 
ment to  distinct  observation  is  in  a  great  mea- 
sure removed.  But  I  have  never  enjoyed 
more  accurate  and  distinct  views  of  the  hea- 
venly bodies  than  in  fsesh,  serene  evenings, 
wheii  there  was  no  frost  and  no  wind,  and 
only  a  few  fleecy  clouds  occasionally  hovering 
around.  On  such  evenings,  and  on  such  alone, 
the  highest  powers  may  be  applied.  I  have 
used  magnifying  powers  on  such  occasions 
with  good  effect  wdiich  could  not  have  been 
applied,  so  as  to  insure  distinct  vision,  more 
frequently  than  two  or  three  days  in  the  course 
of  a  year. 

Sir  W^illiam  Herschel  has  observed,  in  re- 
ference to  this  point,  "  In  beautiful  nights, 
when  the  outside  of  our  telescopes  is  dropping 
with  moisture,  discharged  from  the  atmo- 
sphere, there  are  now  and  then  favourable 
hours  in  which  it  is  hardly  possible  to  put  a 
Hmit  to  the  magnifying  powers ;  but  such 
valuable  opportunities  are  extremely  scarce, 
and  with  large  instruments  it  will  always  be 
lost  labour  to  observe  at  other  times.  In  order, 
therefore,  to  calculate  how  long  a  time  it  must 
take  to  sweep  the  heavens,  as  far  as  they  are 
within  the  reach  of  my  forty-feet  telescope, 
charged  with  a  magnifying  power  of  1000,  I 
I  have  had  recourse  to  my  journals  to  find 
how  many  favourable  hours  we  may  annually 
hope  for  in  this  climate ;  and,  under  all  favour- 
able circumstances,  it  appears  that  a  year 
which  will  afford  ninety,  or,  at  most,  one  hfu 
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dred  hours,  is  to  be  called  very  productive." 
**In  the  equator,  with  my  twenty-feet  tele- 
scope, I  have  swept  over  zones  of  two  degrees 
with  "a  power  of  157,  but  an  allowance  of  ten 
minutes  in  polar  distance  must  be  made  for 
lapping  the  sweeps  over  one  another  where 
they  join.  As  the  breadth  of  the  zones  may 
be  increased  towards  the  poles,  the  northern 
hemisphere  may  be  svv^ept  in  about  40  zones ; 
to  these  we  must  add  19  southern  zones  ;  then 
59  zones,  which,  on  account  of  the  sweeps 
lapping  over  one  another  about  five  minutes 
of  time  in  right  ascension,  we  must  reckon  of 
25  hours  each,  will  give  1475  hours ;  and  al- 
lowing 100  hours  per  year,  we  find  that  with 
the  twenty-feet  telescope  the  heavens  may  be 
swept  in  about  fourteen  years  and  three  quar- 
ters. Now  the  time  of  sweeping  with  differ- 
ent magnifying  powers  will  be  as  the  squares 
of  the  powers ;  and  putting  p  and  t  for  the 
power  and  time  in  the  twenty-feet  telescope, 
and  P  =  1000  for  the  power  in  the  forty -feet 
instrument,  we  shall  have  p^  :  t  :  :  P^ :  — ,  = 
59840.  Then,  making  the  same  allowance  for 
1 00  hours  per  year,  it  appears  that  it  will  require 
not  less  than  598  years  to  look  with  the  forty- 
feet  reflector,  charged  with  the  above-mention- 
ed power,  only  one  single  moment  into  each 
point  of  space  ;  and  even  then,  so  much  of 
the  southern  hemisphere  will  remain  unex- 
plored as  will  take  up  313  years  more  to  ex- 
amine."* 

From  the  above  remarks  of  so  eminent  an 
observer,  the  reader  will  perceive  how  difficult 
it  is  to  explore  the  heavens  with  minuteness 
and  accuracy,  and  with  how  many  disappoint- 
ments, arising  from  the  state  of  the  atmosphere, 
the  astronomer  must  lay  his  account,  when 
employed  in  planetary  or  sidereal  investiga- 
tion. Besides  the  circumstances  now  stated,"" 
it  ought  to  be  noticed  that  a  star  or  a  planet 
is  only  in  a  situation  for  a  high  magnifying 
power  about  half  the  time  it  is  above  the  hori- 
zon. The  density  of  the  atmosphere,  and  the 
quantity  of  vapours  with  which  it  is  charged 
near  the  horizon,  prevent  distinct  vision  of 
celestial  objects  with  high  powers  till  they  have 
risen  to  at  least  15  or  20  degrees  in  altitude, 
and  the  highest  magnifiers  can  scarcely  be  ap- 
plied with  good  effect  unless  the  object  is  near 
the  meridian,  and  at  a  considerable  elevation 
above  the  horizon.  If  the  moon  be  viewed  a 
little  after  her  rising,  and  afterv/ard  when  she 
coraes  to  her  highest  elevation  in  autumn,  the 
difference  in  her  appearance  and  distinctness 
will  be  strikingly  perceptible.  It  is  impossi- 
ble to  guess  whether  a  night  be  well  adapted 
for  celestial  observations  till  we  actually  make 
the  experiment,  and  instruments  are  frequently 

♦  Philosopliical  Transactions  for  1800,  vol.  xc. 
p,  80,  &c. 
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condemned,  when  tried  at  improper  seasons, 
when  the  atmosphere  only  is  in  fault,  A  cer- 
tain observer  remarks,  "  I  have  never  seen  the 
face  of  Saturn  more  distinctly  than  in  a  night 
when  the  air  has  been  so  hazy  that  with  my 
naked  eye  I  could  hardly  discern  a  star  of  less 
than  the  third  magnitude."  The  degree  of 
the  transparency  of  the  air  is  likewise  varying 
almost  in  the  course  of  every  minuto,  so  that 
even  in  the  course  of  the  same  half  hour 
planets  and  stars  will  appear  perfectly  defined, 
and  the  reverse.  The  vapours  moving  and 
undulating  the  atmosphere,  even  v/hen  the 
sky  appears  clear  to  the  naked  eye,  will  m  a 
few  instants  destroy  the  distinctness  of  vision, 
and  in  a  few  seconds  more  the  object  will  re- 
sume its  clear  and  well-defined  aspect."']' 

3.  On  the  magnifying  Powers  requisite 
for  observing  the  Phenomena  of  the  different 
Planets,  Comets,  double  Stars,  ^c. — There 
are  some  objects  connected  with  astronomy 
which  cannot  be  perceived  without  having 
recourse  to  instruments  and  to  powers  of  great 
magnitude ;  but  it  is  a  vulgar  error  to  imagine 
that  very  large  and  very  expensive  telescopes 
are  absolutely  necessary  for  viewing  the  greater 
part  of  the  more  interesting  scenery  of  the 
heavens.  Most  of  the  phenomena  of  the 
planets,  comets,  double  stars,  and  other  ob- 
jects, are  visible  with  instruments  of  moderate 
dimensions,  so  that  every  one  who  has  a  relish 
for  celestial  investigations  may,  at  a  compara- 
tively small  expense,  procure  a  telescope  for 
occasional  observations  which  will  show  the 
principal  objects  and  phenomena  described  in 
books  on  astronomy.  Many  persons  have 
been  misled  by  some  occasional  remarks  which 
Sir  W.  Herschel  made,  in  reference  to  certain 
very  high  powers  which  he  sometimes  put,  by 
way  of  experiment,  on  some  of  his  telescopes, 
as  if  these  were  the  powers  requisite  for  view- 
ing the  objects  to  which  he  refers.  For  ex- 
ample, it  is  stated  that  he  once  put  a  power 
of  6450  times  on  his  seven-feet  Newtonian 
telescope  of  6  j^^yth  inches  aperture ;  but  this 
was  only  for  the  purpose  of  an  experiment, 
and  could  be  of  no  use  whatever  when  applied 
to  the  moon,  the  planets,  and  most  objects  in 
the  heavens.  Herschel,  through  the  whole 
course  of  his  writings,  mentions  his  only 
having  used  it  twice,  namely,  on  the  stars 
a  Lyrse  and  y  Leonis,  which  stars  can  be  seen 

f  In  using  telescopes  within  doors,  care  should 
generally  be  taken  that  there  be  no  fires  in  the 
apartment  where  they  are  placed  for  observation, 
and  that  the  air  vi^ithin  be  nearly  of  the  same  <^em- 
perature  as  the  air  of  the  surrounding  atmo- 
sphere ;  for  if  the  room  be  filled  with  heated  afr, 
when  the  windows  are  opened  there  will  be  a  cur 
rent  of  cold  rushing  in,  and  of  heated  rushing  out 
which  will  produce  such  an  undulation  and  tre- 
mulous motion  as  will  prevent  any  celestial  ob- 
ject from  being  distinctly  seen. 
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more  distinctly  and  sharply  defined  with  a 
power  of  420.  To  produce  a  power  of  6450 
on  such  a  telescope  would  require  a  lens  of 
only  Tj^Tj-th  of  an  inch  in  focal  distance  ;  and  it 
is  questioned  by  some  whether  Herschel  had 
lenses  of  so  small  a  size  in  his  possession,  or 
whether  it  is  possible  to  form  them  with  ac- 
curacy. 

Powers  requisite  for  observing  the  Pheno- 
mena of  the  Planets. — The  planet  Mercury 
requires  a  considerable  magnifying  power  in 
order  to  perceive  its  phases  with  distinctness. 
I  have  seldom  viewed  this  planet  with  a  less 
power  than  100  and  150,  with  which  powers 
its  half  moon,  its  gibbous,  and  its  crescent 
phase  may  be  distinctly  perceived.  With  a 
power  of  40,  50,  or  even  60  times,  these 
phases  can  with  difficulty  be  seen,  especially 
as  it  is  generally  at  a  low  altitude  when  such 
observations  are  made.  The  phases  of  Venus 
are  much  more  easily  distinguished,  espe- 
cially the  crescent  phase,  which  is  seen  to  the 
greatest  advantage  about  a  month  before  and 
after  the  inferior  conjunction.  AVith  a  power 
not  exceeding  25  or  30  times,  this  phase,  at 
such  periods,  may  be  easily  perceived.  It  re- 
quires, however,  much  higher  powers  to  per- 
ceive distinctly  the  variations  of  the  gibbous 
phase ;  and  if  this  planet  be  not  viewed  at  a 
considerably  high  altitude  when  in  a  half- 
moon  or  gilDbous  phase,  the  obscurity  and  un- 
dulations of  the  atmosphere  near  the  horizon 
prevent  such  phases  from  being  accurately 
distinguished,  even  when  high  powers  are  ap- 
plied. Although  certain  phenomena  of  the 
planets  may  be  seen  with  such  low  powers  as 
I  have  now  stated,  yet  in  every  instance  the 
highest  magnifying  powers  consistent  with 
distinctness  should  be  preferred,  as  the  eye  is 
not  then  strained,  and  the  object  appears  with 
a  greater  degree  of  magnitude  and  splendour. 
The  planet  Mars  requires  a  considerable  de- 
gree of  magnifying  power,  even  when  at  its 
nearest  distance  from  the  earth,  in  order  io 
discern  its  spots  and  its  gibbous  phase.  I 
have  never  obtained  a  satisfactory  view  of  the 
spots  which  mark  the  surface,  and  their  rela- 
tive position,  with  a  less  power  than  130,  160, 
or  200  times;  and  even  with  such  powers, 
persons  not  much  accustomed  to  look  through 
telescopes  find  a  difficulty  in  distinguishing 
them. 

The  strongest  and  most  prominent  helis  of 
Jupiter  may  be  seen  with  a  power  of  about 
45,  which  power  may  be  put  upon  a  twenty- 
inch  achromatic  or  a  one-foot  reflector ;  but  a 
satisfactory  view  of  all  the  belts,  and  the  re- 
lative positions  they  occupy,  cannot  be  ob- 
tained with  much  lower  powers  than  80,  100, 
or  140.  The  most  common  positions  of  these 
belts  are,  one  dark  and  well-defined  belt  to 
ilie  south  of  Jupiter's  equator;  another  of 
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nearly  the  same  description  to  the  north  af  it^ 
and  one  about  his  north  and  his  south  polar 
circles.  These  polar  belts  are  much  more  faint 
and,  consequently,  not  so  easily  distinguished 
as  the  equatorial  belts.  The  moons  of  this 
planet,  in  a  very  clear  night,  may  sometimes 
be  seen  with  a  pocket  one-foot  achromatic 
glass,  magnifying  about  15  or  16  times.  Some 
people  have  pretended  that  they  could  see  some 
of  these  satellites  with  their  naked  eye ;  but 
this  is  very  doubtful,  and  it  is  probable  that 
such  persons  mistook  certain  fixed  stars  which 
happened  to  be  near  Jupiter  for  his  satellites. 
But,  in  order  to  have  a  clear  and  interesting 
view  of  these,  powers  of  at  least  80  or  100 
times  should  be  used.  In  order  to  perceive 
their  immersions  into  the  shadow  of  Jupiter,, 
and  the  exact  moment  of  their  emersions  from 
it,  a  telescope  not  less  than  a  44  inch  achro» 
matic,  with  a  power  of  150,  should  be  em- 
ployed. When  these  sateUites  are  viewed 
through  large  telescopes  with  high  magnifying 
powers,  they  appear  with  well-defined  disks, 
like  small  planets.  The  planet  Jupiter  has 
generally  been  considered  as  a  good  test  by 
which  to  try  telescopes  for  celestial  purposes. 
When  it  is  near  the  meridian  and  at  a  high 
altitude,  if  its  general  surface,  its  belts,  and  its 
margin  appear  distinct  and  well  defined,  it 
forms  a  strong  presumptive-  evidence  that  the 
instrument  is  a  good  one. 

The  planet  Saturn  forms  one  of  the  most 
interesting  objects  for  telescopic  observation. 
The  ring  of  Saturn  may  be  seen  with  a  power 
of  45  ;  but  it  can  only  be  contemplated  with 
advantage  when  powers  of  100,  150,  and  200 
are  applied  to  a  three  or  a  five  feet  achromatic 
The  belts  of  Saturn  are  not  to  be  seen  dis- 
tinctly with  an  achromatic  of  less  than  2-|th 
inches  aperture,  or  a  Gregorian  reflector  of 
less  than  four  inches  aperture,  nor  with  a  less 
magnifying  powder  than  100  times.  Sir  W. 
Herschel  has  drawn  this  planet  with  five  belts 
across  its  disk ;  but  it  is  seldom  that  above  one 
or  two  of  them  can  be  seen  by  moderate-sized 
telescopes  and  common  observers.  The  di- 
vision of  the  double  ring,  when  the  planet  is 
in  a  favourable  position  for  observation,  and 
in  a  high  altitude,  may  sometimes  be  per- 
ceived with  a  44  inch  achromatic,  with  an 
aperture  of  2|th  inches,  and  with  powers  of 
150  or  180;  but  higher  powers  and  larger 
instruments  are  generaUv  requisite  to  perceive 
this  phenomenon  distinctly ;  and  even  when 
a  portion  of  it  is  seen  at  the  extremities  of  the 
ansss,  the  division  cannot,  in  every  case,  be 
traced  along  the  whole  of  the  half-circumfer- 
ence of  the  ring  which  is  presented  to  our 
eye.  Mr.  Hadley's  engraving  of  Saturn,  iu 
the  "Philosophical  Transactions"  for  1723, 
though  taken  with  a  Newtonian  reflector  with 
a  power  of  228,  represents  the  division  of  the 
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FiRg  a?5  seen  only  on  the  anss6  or  extremities 
of  the  elhptic  figure  in  vdiich  the  ring  ap- 
pears. The  Dest  period  for  observing  this  di- 
vision is  when  the  ring  appears  at  its  utmost 
width.  In  this  position  it  was  seen  in  1840, 
and  it  will  appear  nearly  in  the  same  position  in 
1855.  When  the  ring  appears  like  a  very  nar- 
row ellipse  a  short  time  previous  to  its  disappear- 
ance, the  division,  or  dark  space  between  the 
rings,  cannot  be  seen  by  ordinary  instruments. 

Sir  W.  Herschel  very  properly  observes, 
"  There  is  not,  perhaps,  another  object  in  the 
heavens  that  presents  us  with  such  a  variety 
of  extraordinary  phenomena  as  the  planet 
Saturn  :  a  ma_gnificent  globe,  encompassed  by 
a  stupendous  double  ring ;  attended  by  seven 
satellites  ;  ornamented  with  equatorial  belts  ; 
compressed  at  the  poles ;  turning  upon  its 
axis ;  mutually  eclipsing  its  ring  and  satellites, 
and  eclipsed  by  them ;  the  most  distant  of  the 
rings  also  turning  upon  its  axis,  and  the  same 
taking  place  with  the  furthest  of  the  satellites ; 
all  the  parts  of  the  system  of  Saturn  occasion- 
ally reflecting  light  on  each  other ;  the  rings 
and  moons  illuminating  the  nights  of  the  Sa- 
turnian,  the  globe  and  satellites  enlightening 
the  dark  parts  of  the  ring ;  and  the  planet 
and  rings  throwing  back  the  sun's  beams 
upon  the  moons,  when  they  are  deprived  of 
them  at  the  time  of  their  conjunctions."  This 
illustrious  astronomer  states  that  with  a  new 
seven  feet  mirror  of  extraordinary  distinct- 
ness he  examined  this  planet,  and  found 
that  the  ring  reflects  more  light  than  the  body, 
and  with  a  power  of  570  the  colour  oi  the 
body  becomes  yellowish,  while  that  of  the 
ring  remains  more  white.  On  March  11, 
1780,  he  tried  the  powers  of  222,  332,  and 
440  successively,  and  found  the  light  of  Sa- 
turn less  intense  than  that  of  the  ring ;  the 
colour  of  the  body  turning,  with  the  high 
powers,  to  a  kind  of  yellow  white,  while  that 
of  the  ring  still  remained  white. 

Most  of  the  satellites  of  Saturn  are  difficult 
to  be  perceived  with  ordinary  telescopes,  ex- 
cepting the  fourth,  which  may  be  seen  with 
powers  of  from  60  to  100  times.  It  was  dis- 
covered by  Huygens  in  1655  by  means  of  a 
common  refracting  telescope  12  feet  long, 
which  might  magnify  about  70  tim^BS.  The 
next  in  brightness  to  this  is  the  fifth  satellite, 
which  Cassini  discovered  in  1671  by  means 
of  a  17  feet  refractor,  which  might  carry  a 
power  of  above  80  times.  The  third  was 
discovered  by  the  same  astronomer  in  1672 
by  a  longer  telescope  ;  and  the  first  and  second 
in  1684,  by  means  of  two  excellent  object- 
glasses  of  100  and  136  feet,  which  might 
have  magnified  from  200  to  230  times.  They 
were  afterwards  seen  by  two  other  glasses  of 
70  and  90  feet,  made  by  Campani,  and  sent 
fixsm  Rome  to  the  Royal  Observatory  at  Paris 


by  the  king's  order,  after  the  discover}'-  of  the 
third  and  fifth  satelUtes.  It  is  asserted,  how- 
ever, that  all  those  five  satellites  were  after- 
ward seen  with  a  telescope  of  34  feet,  with 
an  aperture  of  /jth  inches,  which  would 
magnify  about  120  times.  These  satellites, 
on  the  whole,  except  the  fourth  and  fifth,  are- 
not  easily  detected.  Dr.  Derham,  who  fre- 
quently viewed  Saturn  through  Huygen's 
glass  of  126  feet  focal  length,  declares,  in  the 
preface  to  his  "Astro-Theology,"  that  he 
could  never  perceive  above  three  of  the  satel- 
lites. Sir  W.  Herschel  observes,  that  the 
visibility  of  these  minute  and  extremely  faint 
objects  depends  more  on  the  penetrating  than 
upon  the  magnifying  power  of  our  telescopes ; 
and  that  with  a  ten  feet  Newtonian,  charged 
with  a  magnifying  power  of  only  60,  he  saw 
all  the  five  old  satellites ;  but  the  sixth  and 
seventh,  which  were  discovered  and  were 
easily  seen  -with  his  forty  feet  telescope,  and 
were  also  visible  in  his  twenty  feet  instrument, 
were  not  discernible  in  the  seven  or  the  ten 
feet  telescopes,  though  all  that  magnifying 
power  can  do  may  be  done  as  well  with  the 
seven  feet  as  with  any  larger  instrument. 
Speaking  of  the  seventh  satellite,  he  says, 
"  Even  in  my  forty  feet  reflector  it  appears  no 
bigger  than  a  very  small  lucid  point.  I  see 
it,  however,  very  well  in  the  twenty  feet  re- 
flector, to  which  the  exquisite  figure  of  the 
speculum  not  a  little  contributes."  A  late 
observer  asserts  that  in  1825,  with  a  twelve 
feet  achromatic,  of  seven  inches  aperture, 
made  by  Tulley,  with  a  power  of  150,  the 
seven  satellites  were  easily  visible,  but  not  so 
easily  with  a  power  of  200 ;  and  that  the 
planet  appeared  as  bright  as  brilliantly  bur- 
nished silver,  and  the  division  in  the  ring  and 
a  belt  were  very  plainly  distinguished  with  a 
power  of  200. 

The  planet  Uranus,  being  generally  invi- 
sible to  the  naked  eye,  is  seldom  an  object  of 
attention  to  common  observers.  A  consider- 
able magnifying  power  is  requisite  to  make  it 
appear  in  a  planetary  form  with  a  well  de- 
fined  disk.  The  best  periods  for  detecting  it 
are  when  it  is  near  its  opposition  to  the  sun, 
or  when  it  happens  to  approximate  to  any  of 
the  other  planets,  or  to  a  well  known  fixed 
star.  When  none  of  these  circurnstances 
occur,  its  position  requires  to  be  poimcd  ciit 
by  an  equatorial  telescope.  On  the  3s»^>rning 
of  the  25th  of  January,  1841,  this  planet 
happened  to  be  in  conjunction  with  Venus,  at 
which  time  it  was  only  four  minutes  north  of 
that  planet.  Several  days  before  this  con- 
junction I  made  observations  on  Uranus* 
On  the  evening  of  the  24th,  about  eight  hours 
before  the  conjunction,  the  two  planets  ap- 
peared in  the  same  field  of  the  telescope,  the 
one  exceedingly  splendid,  and  the  other  more 
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obscure,  but  distinct  and  well  defined.  Uranns 
could  not  be  perceived  either  with  the  naked 
eye  or  with  an  opera-glass,  but  could  be  dis- 
tinguished as  a  very  small  star  by  means  of  a 
pocket  achromatic  telescope  magnifying  about 
14  times.  It  is  questionable  whether,  under 
the  most  favourable  circumstances,  this  planet 
can  ever  be  distinguished  by  the  naked  eye. 
With  magnifying  powers  of  30  and  70,  it  ap- 
peared as  a  moderately  large  star  with  a 
steady  light,  but  without  any  sensible  disk. 
With  powers  of  120,  180,  and  250,  it  pre- 
sented a  round  and  pretty  well  defined  disk, 
but  not  so  luminous  and  distinct  as  it  would 
have  done  in  a  higher  altitude. 

The  Double  Stars  require  a  great  variety/ 
of  powers  in  order  to  distinguish  the  small 
stars  that  accompany  the  larger.  Some  of 
them  are  distinguished  with  moderate  powers, 
while  others  require  pretty  large  instruments, 
furnished  with  high  magnifying  eyepieces. 
I  shall  therefore  select  only  a  few  as  a  speci- 
men. The  star  Castor,  or  a  Geminorum, 
may  be  easily  seen  to  be  double  with  powers 
of  from  70  to  100.  I  have  sometimes  seen 
these  stars,  which  are  nearly  equal  in  size  and 
colour,  with  a  terrestrial  power  of  44  on  a  44 
inch  achromatic.  The  appearance  of  this 
star  with  such  powers  is  somewhat  similar 
to  that  of  jy  Coronse  in  a  seven  feet  achro- 
matic oi  five  inches  aperture,  with  a  power 
of  500.  y  Andromedse  may  be  seen  with  a 
moderate  power.  In  a  thirty  inch  achromatic 
of  two  inches  aperture  and  a  power  of  80,  it 
appears  like  s  Bootis  when  seen  in  a  five  feet 
achromatic  with  a  power  of  460.  This  star 
is  said  to  be  visible  even  in  a  one  foot  achro- 
matic with  a  power  of  35.  s  Lyrse,  which  is 
a  quintuple  star,  but  appears  to  the  naked 
eye  as  a  single  star,  may  be  seen  to  be  double 
with  a  power  of  from  six  to  twelve  times,  y  Le- 
onis  is  visible  in  a  44  inch  achromatic  with 
a  power  of  180  or  200.  Rigel  in  a  3^  feet 
achromatic,  may  be  seen  with  powers  vary- 
ing from  130  to  200.  The  small  star,  how- 
ever, which  accompanies  Rigel,  is  sometimes 
difl5cult  to  be  perceived,  even  with  such 
powers,  s  Bootis  is  seldom  distinctly  defined 
with  an  achromatic  of  less  aperture  than  3^th 
inches,  or  a  reflector  of  less  than  five  inches, 
with  a  power  of  at  least  250. 

These  and  similar  stars  are  not  to  be  ex- 
pected to  be  seen  equally  well  at  all  times, 
even  when  the  magnifying  and  illuminating 
powers  are  properly  proportioned,  as  much 
depends  upon  the  state  of  the  weather,  and 
the  pureness  of  the  atmosphere.  In  order  to 
perceive  the  closest  of  the  double  stars,  Sir 
W.  Herschel  recommends  that  the  power  of 
the  telescope  should  be  adjusted  upon  a  star 
known  to  be  single,  of  nearly  the  same  alti- 
tude, magnitude,  and  colour  with  the  double 
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star  which  is  to  be  observed,  or  upon  one  &im 
above  and  another  below  it.  Thus  the  laie 
Mr.  Albert,  the  astronomer,  could  not  see  the 
two  stars  of  y  Leonis  when  the  focus  was  ad- 
justed upon  that  star  itself,  but  he  soon  ob- 
served the  small  star  after  he  had  adjusted 
the  focus  upon  Regulus.  An  exact  adjust- 
ment of  the  focus  of  the  instrument  is  indis- 
pensably requisite  in  order  to  perceive  such 
minute  objects. 

In  viewing  the  Nebulas,  and  the  very  gmall 
and  immensely  distant  fixed  stars,  which  re- 
quire much  light  to  render  them  visible,  a 
large  aperture  of  the  object-glass  or  speculum, 
which  admits  of  a  great  quantity  of  light,  is 
of  more  importance  than  high  magnifying 
powers.  It  is  light  chiefly,  accompanied  with 
a  moderate  magnifying  power,  that  enables 
us  to  penetrate  into  the  distant  regions  of 
space.  Sir  W.  Herschel,  when  sweeping  the 
profundities  of  the  Milky  Way,  and  the  Hand 
and  Club  of  Orion,  used  a  telescope  of  the 
Newtonian  form,  twenty  feet  focal  length  and 
ISy'^gth  inches  in  diameter,  with  a  power  of 
only  157.  On  applying  this  telescope  and 
power  to  a  part  of  the  Via  Ladea,  he  found 
that  it  completely  resolved  the  whole  whitish 
appearance  into  stars,  which  his  former  tele- 
scopes had  not  light  enough  to  effect,  and 
which  smaller  instruments  with  much  higher 
magnifying  powers  would  not  have  effected. 
He  tells  us  that,  with  this  power,  "  the  glo- 
rious multitude  of  stars,"  in  the  vicinity  of 
Orion,  "  of  all  possible  sizes,  that  presented 
themselves  to  view,  was  truly  astonishing, 
and  that  he  had  fields  which  contained  70, 
90,  and  110  stars,  so  that  a  belt  of  fifteen  de- 
grees long  and  two  degrees  broad,  which 
passed  through  the  field  of  the  telescope  in  an 
hour,  could  not  contain  less  than  fifty  thou- 
sand stars  that  were  large  enough  to  be  dis- 
tinctly numbered."  In  viewing  the  Milky 
Way,  the  NebulsD,  and  small  cluster  of  stars, 
such  as  Prsecepe  in  Cancer,  I  generally  use 
a  power  of  55  times  on  an  achromatic  tele- 
scope six  feet  six  inches  in  focal  length  and 
four  inches  in  diameter.  The  eyepiece  which 
produces  this  power — which  I  formed  for  the 
purpose — consists  of  two  convex  lenses,  the 
one  next  the  eye  three  inches  focal  length  and 
1  j2^ths  of  an  inch  diameter,  and  that  next  the 
object  3^  inches  focus  and  ly^^jths  of  an  inch 
diameter,  the  deepest  convex  surfaces  being 
next  each  other,  and  their  distance  a  quarter 
of  an  inch.  With  this  eyepiece  a  wery  large 
and  brilliant  field  of  view  is  obtained  ;  and  I 
find  it  preferable  to  any  higher  powers  in 
viewing  the  nebulosities  and  clusters  of  stars 
In  certain  spaces  of  the  heavens  it  sometimes 
presents  in  one  field  nearly  a  hundred  stars. 
It  likewise  serves  to  exhibit  a  very  clear  and 
interesting  view  of  the  full  moon. 
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In  obser'^fng  Comets,  a  very  small  power 
should  generally  be  used,  even  on  large  in- 
struments. These  bodies  possess  so  small  a 
quantity  of  light,  and  they  are  so  frequently 
enveloped  in  a  veil  of  dense  atmosphere,  that 
magnifying  power  sometimes  renders  them 
more  obscure, -and  therefore  the  illuminating 
power  of  a  large  telescope  with  a  small  power 
is  in  all  cases  to  bo  preferred.  A  comet  eye- 
piece should  he  constructed  with  a  very  large 
and  uniformly  distinct  field,  and  should  mag- 
nify only  from  15  to  30  or  40  times,  and  the 
lenses  of  such  an  eyetube  should  be  nearly 
two  inches  in  diameter.  The  late  Rev.  F. 
Woilaston  recommended  for  observing  comets 
"  a  telescope  with  an  achromatic  object-glass 
of  16  inches  focal  length  and  two  inches 
aperture,  with  a  Ramsden's  eyeglass  magni- 
fying about  25  times,  mounted  on  a  very  firm 
equatorial  stand,  the  field  of  view  taking  in 
two  degrees  of  a  great  circle." 

In  viewing  the  moon,  various  powers  may 
be  applied,  according  to  circumstances.  The 
best  periods  of  the  moon  for  inspecting  the 
inequalities  on  its  surface  are  either  when  it 
assumes  a  crescent  or  a  half-moon  phase,  or 
two  or  three  days  after  the  period  of  half-rnoon. 
Several  days  after  full  moon,  and  particularly 
about  the-  third  quarter,  when  the  orb  is 
waning,  and  when  the  shadows  of  its  moun- 
tains and  vales  are  thrown  in  a  different 
direction  from  what  they  are  when  on  the 
increase,  the  most  prominent  and  interesting 
views  may  be  obtained.  The  most  convenient 
season  for  obtaining  such  views  is  during  the 
autumnal  months,  when  the  moon,  about  the 
third  quarter,  sometimes  rises  as  early  as 
eight  o^ clock  p.m.,  and  may  be  viewed  at  a 
considerably  high  altitude  by  ten  or  eleven. 
When  in  the  positions  now  alluded  to,  and  at 
a  high  altitude,  very  high  magnifying  powers 
may  sometimes  be  applied  with  good  effect, 
especially  if  the  atmosphere  be  clear  and 
serene.  I  have  sometimes  apphed  a  power, 
in  such  cases,  of  350  times  on  a  46  inch 
achromatic  with  considerable  distinctness ; 
but  it  is  only  two  or  three  times  in  a  year, 
and  when  the  atmosphere  is  remarkably 
iavourable,  that  such  a  power  can  be  used. 
The  autumnal  evenings  are  generally  best 
fitted  for  such  observations.  The  full  moon 
is  an  object  which  is  never  seen  to  advantage 
wdth  high  powers,  as  no  shadows  or  inequali- 
ties on  its  surface  can  then  be  perceived.  It 
forms,  however,  a  very  beautiful  object  when 
magnifying  powers  not  higher  than  40,  50,  or 
60  times  are  used.  A  power  of  45  times,  if 
properly  constructed,  w411  show  the  lohole  of 
the  moon  with  a  margin  around  it,  when  the 
darker  and  brighter  parts  of  its  surface  will 
present  a  vaiiegated  aspect,  and  appear  some- 
what like  a  map  to  the  eye  of  the  observer. 


4.  Mode  of  exhibiting  the  Solar  Spots,--' 
The  solar  spots  may  be  contemplated  with 
advantage  by  magnifying  powers  varying  from 
60  to  180  times;  about  90  times  is  a  good 
medium  power,  though  they  may  sometimes 
be  distinguished  with  very  low  powers,  such 
as  those  usually  adapted  to  a  one-foot  tele- 
scope, or  even  by  means  of  a  common  opera- 
glass.  The  common  astronomical  eyepieces 
given  along  with  achromatic  telescopes,  and 
the  sunglasses  connected  with  them,  are 
generally  ill  adapted  for  taking  a  pleasant 
and  comprehensive  view  of  the  solar  spots. 
In  the  higher  magnifying  powers,  the  first 
eyeglass  is  generally  at  too  great  a  distance 
from  the  eye,  and  the  sunglass  which  is 
screwed  over  it  removes  it  to  a  still  greater 
distance  from  the  point  to  which  the  eye  is 
applied,  so  that  not  above  one-third  of  the 
field  of  view  can  be  taken  in.  The  circum- 
stance renders  it  difficult  to  point  the  instru- 
ment to  any  particular  small  spot  on  the  solar 
disk  which  we  wish  minutely  to  inspect;  and 
besides,  it  prevents  us  from  taking  a  compre- 
hensive view  of  the  relative  positions  of  all 
the  spots  that  may  at  any  time  be  traversing 
the  disk.  To  obviate  this  inconvenience, 
the  sunglass  would  require  to  be  placed  so 
near  to  the  glass  next  the  eye  as  almost  to 
touch  it.  But  this  is  sometimes  difficult  to  be 
attained,  and,  in  high  powers,  even  the  thick- 
ness of  the  sunglass  itself  is  sufficient  to  pre- 
vent the  eye  from  taking  in  the  whole  field 
of  view.  For  preventing  the  inconveniences 
to  which  I  now  allude,  I  generally  make  use 
of  a  terrestrial  eyepiece  of  a  considerable 
power,  with  a  large  field ;  the  sunglass  is  fixed 
at  the  end  of  a  short  tube,  which  slides  on  the 
eyepiece,  and  permits  the  coloured  glass  to 
approach  within  a  line  or  two  of  the  lens  next 
the  eye,  so  that  the  whole  field  of  the  tele- 
scope is  completely  secured.  The  eyepiece 
alluded  to  carries  a  magnifying  power  of  95 
times  for  a  46  inch  telescope,  and  takes  in 
about  three-fourths  of  the  surface  of  the  sun, 
so  that  the  relative  positions  of  all  the  spots 
may  generally  be  perceived  at  one  view 
Such  a  power  is,  in  most  cases,  quite  suffi- 
cient for  ordinary  observations,  and  I  have 
seldom  found  any  good  effect  to  arise  from 
attempting  very  high  powers  when  minutely 
examining  the  solar  spots. 

But  the  most  pleasant  mode  of  viewing  the 
solar  spots,  especially  when  we  wish  to  exhibit 
them  to  others,  is  to  throw  the  image  of  the 
sun  upon  a  white  screen,  placed  in  a  room 
which  is  considerably  darkened.  It  is  diffi-  ' 
cult,  however,  when  the  sun  is  at  a  high  alti- 
tude, to  put  this  method  into  practice,  on 
account  of  the  great  obliquity  with  which  bis 
rays  then  fall,  which  prevents  a  screen  from 
being  placed  at  any  considerable  distance  fi'oir 
4  C  (853^ 
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the  eye-end  of  the  telescope.  The '  following 
plan,  therefore,  is  that  which  I  uniformly 
adopt,  as  being  both  the  easiest  and  the  most 
satisfactory.  A  telescope  is  placed  in  a  con- 
venient position,  so  as  to  be  directed  to  the 
sun.  This  telescope  is  furnished  with  a  dia- 
gonal eyepiece,  such  as  that  represented  in 
fig.  77  (p.  123.)  The  window-shutters  of  the 
apartment  are  all  closed  excepting  a  space 
sufficient  to  admit  the  solar  rays;  and  when 
the  telescope  is  properly  adjusted,  a  beautiful 
image  of  the  sun,  with  all  the  spots  which 
then  happen  to  diversify  his  surface,  is  thrown 
upon  the  ceiling  of  the  room.  This  image 
may  be  from  12  to  20,  or  30  inches  or  more 
in  diameter,  according  to  the  distance  of  the 
ceiling  from  the  diagonal  eyepiece.  The 
greater  this  distance  is,  the  larger  the  image. 
If  the  sun  is  at  a  very  high  altitude,  the  image 
will  be  elliptical ;  if  he  be  at  no  great  distance 
from  the  horizon,  the  image  will  appear  circu- 
lar, or  nearly  so ;  but  in  either  case  the  spots 
will  be  distinctly  depicted,  provided  the  focus 
of  the  telescope  be  accurately  adjusted.  In 
this  exhibition,  the  apparent  motion  of  the 
sun  produced  by  the  rotation  of  the  earth,  and 
the  passage  of  thin  fleeces  of  clouds  across  the 
solar  disk,  exhibit  a  very  pleasing  appearance. 
By  this  mode  of  viewing  the  solar  spots  we 
may  easily  ascertain  their  diameter  and  mag- 
nitude, at  least  to  a  near  approximation.  We 
have  only  to  take  a  scale  of  inches,  and  mea- 
sure the  diameter  of  any  well-defined  and 
remarkable  spot,  and  then  the  diameter  of  the 
solar  image ;  and,  comparing  the  one  with  the 
other,  we  can  ascertain  the  number  of  miles, 
either  lineal  or  square,  comprehended  in  the 
dimensions  of  the  spot.  For  example,  sup- 
pose a  spot  to  measure  half  an  inch  in  dia- 
meter^ and  the  whole  image  of  the  sun  25 
inches,  the  proportion  between  the  diameter 
of  the  spot  and  that  of  the  sun  will  be  as  1 
to  50 ;  in  other  words,  the  one-fiftieth  part  of 
the  sun's  diameter.  Now  this  diameter  being 
880,000  miles,  this  number,  divided  by  50, 
produces  a  quotient  of  17,600= the  number 
of  miles  which  its  diameter  measures.  Such 
a  spot  will  therefore  contain  an  area  of  243,- 
285,504,  or  more  than  two  hundred  and  forty- 
three  millions  of  square  miles,  which  is  46 
millions  of  miles  more  than  the  whole  super- 
ficies of  the  terraqueous  globe.  Again,  sup- 
pose the  diameter  of  a  spot  measures  jiyths 
of  an  inch,  and  the  solar  image  23  inches,  the 
proportion  of  the  diameter  of  the  spot  to  that 
of  the  sun  is  as  3  to  230=the  number  of 
tenths  in  23  inches.  The  number  of  miles 
in  the  spot's  diameter  will  therefore  be  found 
by  the  following  proportion  :  230  :  880,000  : : 
3:  11,478;  that  is,  the  diameter  of  such  a 
spot  measures  eleven  thousand  four  hundred 
and  seventy-eight  miles.  Spots  of  such  sizes 
(854) 


are  not  unfrequently  seen  to  transit  the  sdii. 
disk. 

By  this  mode  of  viewing  the  image  of  th® 
sun,  his  spots  may  be  exhibited  to  twenty  or 
thirty  individuals  at  once  without  the  least 
straining  or  injury  to  the  eyes;  iind  as  no 
separate  screen  is  requisite,  and  as  the  ceil 
ings  of  rooms  are  generally  white,  the  experi- 
ment may  be  performed  in  half  a  minute 
without  any  previous^  preparation  except 
screwing  on  and  adjusting  the  eyepiece.  The 
manner  of  exhibiting  the  solar  spots  in  this 
way  is  represented  in  fig.  82. 

Fig.  82. 


5.  On  the  Space-penetrating  Power  of 
Telescopes. — The  power  of  telescopes  to  pe- 
netrate into  the  profundity  of  space  is  the 
result  of  the  quantity  of  light  they  collect  and 
send  to  the  eye  in  a  state  fit  for  vision.  This 
property  of  telescopes  is  sometimes  designated 
by  the  expression  Illuminating  Power. 

Sir  W.  Herschel  appears  to  have  been  the 
first  who  made  a  distinction  between  the 
magnifying  power  and  the  sp) ace-penetrating 
power  of  a  telescope ;  and  there  are  many 
examples  which  prove  that  such  a  distinction 
ought  to  be  made,  especially  in  the  case  of 
large  instruments.  For  example,  the  small 
star,  or  speck  of  light,  which  accompanies  the 
pole  star,  may  be  seen  through  a  telescope  of 
large  aperture  with  a  smaller  magnifying 
power  than  with  a  telescope  of  a  small  aper- 
ture furnished  with  a  much  nigher  power. 
If  the  magnifying  power  is  sufiicient  to  show 
the  small  star  completely  separated  from  the 
rays  which  surround  the  large  one,  this  is  suf- 
ficient in  one  point  of  view ;  but,  in  order  that 
this  effect  may  be  produced,  so  as  to  render 
the  small  star  perfectly  distinguishable,  a  cer- 
tain quantity  of  light  must  be  admitted  into 
the  pupil  of  the  eye,  which  quantity  depends 
upon  the  area  of  the  object-glass  or  speculum 
of  the  instrument,  or,  in  other  words,  on  the 
illuminating  power.     If  we  compare  a  tele*' 


Hosted  by  Google 


ON  SPACE-PENETRATING  POWER. 


13? 


g^^pe  of  2jtli  inches  aperture  with  one  of  five 
inches  aperture,  wlien  the  magnifying  power 
of  each  does  not  exceed  50  times  for  terres- 
trial objects,  the  effect  of  illuminating  power 
is  not  so  evident ;  but  if  we  use  a  power  of 
100  for  day  objects,  and  180  for  the  heavenly 
bodies,  the  effects  of  illuminating  power  is  so 
clearly  perceptible,  that  objects  not  only  ap- 
pear brighter  and  more  clearly  visible  in  the 
larger  telescope,  but  with  the  same  magnify- 
ing power  they  also  appear  larger,  particu- 
larly when  the  satellites  of  Jupiter  and  small 
stars  are  the  objects  we  are  viewing.     . 

Sir  W.  Herschei  remarks,  that  "  objects 
are  viewed  in  their  greatest  perfection  when, 
in  penetrating  space,  the  magnifying  power 
is  so  low  as  only  to  be  sufficient  to  show  the 
object  well,  and  when,  in  magnifying  objects, 
by  way  of  examining  them  minutely,  the 
space-penetrating  power  is  no  higher  than 
what  will  suffice  for  the  purpose ;  for  in  the 
use  of  either  power,  the  injudicious  overcharge 
of  the  other  will  prove  hurtful  to  vision." 
When  illuminating  power  is  in  too  high  a 
degree,  the  eye  is  offended  by  the  extreme 
brightness  of  the  object ;  when  it  is  in  too  low 
a  degree,  the  eye  is  distressed  by  its  endea- 
vours to  see  what  is  beyond  its  reach ;  and 
therefore  it  is  desirable,  when  we  wish  to  give 
the  eye  all  the  assistance  possible,  to  have 
the  illuminating  and  the  magnifying  powers 
in  due  proportion.  What  this  proportion  is, 
depends,  in  a  certain  degree,  upon  the  bright- 
ness of  the  object.  In  proportion  to  its 
brightness  or  luminosity,  the  magnifying 
power  may,  to  a  certain  extent,  be  increased. 
Sir  Vv^.  Herschei  remarks,  in  reference  to 
a  Lyras,  "  This  star,  I  surmise,  has  light 
enough  to  bear  being  magnified  at  least  a 
hundred  thousand  times,  with  no  more  than 
six  inches  of  aperture."  However  beautifully 
perfect  any  telescopes  may  appear,  and  how- 
ever sharp  their  defining  power,  their  per- 
formance is  limited  by  their  illuminating 
powers,  which  are  as  the  squares  of  the  diam- 
eters of  the  apertures  of  the  respective  instru- 
ments. Thus  a  telescope  whose  object-glass 
is  four  inches  diameter  will  have  four  times 
the  quantity  of  light,  or  illuminating  power, 
possessed  by  a  telescope  whose  aperture  is 
only  two  inches,  or  in  the  proportion  of  16  to 
4;  the  square  of  4  being  16,  and  the  square 
of  3  being  4. 

The  nature  oi  i\\Q  space-pe7ietrating power 
to  which  we  are  adverting,  and  the  distinction 
between  it  and  magnifying  power,  may  be 
illustrated  from  a  few  examples  taken  from 
Sir  W.  Herschei' s  observations. 

The  first  observation  which  I  shall  notice 
refers  to  the  nebula  between  j^  and  ^  Ophi- 
aclii,  discovered  by  Messier  in  1764.  The 
observation  was  made  with  a  ten-feet  reflector. 


having  a  magnifying  power  of  250,  and  a 
space-penetrating  power  of  28.67.  His  note 
is  dated  May  3,  1783.  "I  see  several  stars 
in  it,  and  make  no  doubt  a  higher  power  and 
more  light  will  resolve  it  all  into  stars.  This 
seems  to  me  a  good  nebula  for  the  purpose 
of  establishing  the  connexion  between  nebulae 
and  clusters  of  stars  in  general."  "June  18, 
1784.  The  same  nebula  viewed  with  a  New- 
tonian twenty-feet  reflector  ;  penetrating  power 
61,  and  a  magnifying  power  of  157;  a  very 
large  and  a  very  bright  cluster  of  excessively 
compressed  stars.  The  stars  are  but  just 
visible,  and  are  of  unequal  magnitudes".  The 
large  stars  are  red ;  the  cluster  is  a  miniature 
of  that  near  Flamstead's  forty-second  Coma) 
Berenices.  Right  ascension,  17^  6'"  32^ 
Polar  distance,  108°  18^^"  In  this  case, 
a  penetrating  power  of  about  28,  with  a 
magnifying  power  of  250,  barely  showed  a 
few  stars;  while  in  the  second  instrument 
the  illuminating  power  of  60,  with  the  mag- 
nifying power  of  only  157,  showed  them  com- 
pletely. 

Subsequently  to  the  date  of  the  latter  oh- 
servation,  the  twenty -feet  Newtonian  telescope 
was  converted  into  an  Herschehan  instrument 
by  taking  away  the  small  speculum,  and 
giving  the  large  one  the  proper  inclination  for 
obtaining  the  front  view ;  by  which  alteration 
the  illuminating  power  was  increased  from  61 
to  75,  and  the  advantage  derived  from  the 
alteration  v^^as. evident  in  the  discovery  of  the 
satellites  of  Uranus  by  the  altered  telescope, 
which  before  was  incompetent  in  the  point  of 
penetration,  or  illuminating  power.  "  March 
14,  1798,  I  viewed  the  Georgian  planet  (or 
Uranus)  with  a  new  twenty-five-feet  reflector. 
Its  penetrating  power  is  95.85,  and  having 
just  before  also  viewed  it  with  my  twenty- 
feet  instrument,  I  found  that  with  an  equal 
magnifying  power  of  300,  the  twenty -five-feet 
telescope  had  considerably  the  advantage  of 
the  former."  The  aperture  of  the  twenty- 
feet  instrument  was  18.8  inches,  and  that  of 
the  twenty-five-feet  telescope  24  inches,  so 
that  the  superior  effect  of  the  latter  instrument 
must  have  been  owing  to  its  greater  illumi- 
nating power.  The  following  observations 
show  the  superior  power  of  the  forty-feet  tele- 
scope, as  compared  with  the  twenty-feet. 
"Feb.  24,  1786,1  viewed  the  nebula  near 
Flamstead's  fifth  Serpentis  with  my  twenty- 
feet  reflector,  magnifying  power  157.  The 
most  beautiful,  extremely  compressed  cluster 
of  small  stars,  the  greatest  part  of  them  ga- 
thered together  into  one  brilliant  nucleus, 
evidently  consisting  of  stars,  surrounded  with 
many  detached  gathering  stars  of  the  same 
size  and  colour.  R.  A.,  15^  1^  12\  P.  jJ., 
87°  8^^"  "  May  27,  1 79 1, 1  viewed  the  saniQ 
object  with  my  forty-feet  telescope,  penetrat>» 
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ing  power  191.69,  magnifying  power  370. 
A  beautiful  cluster  of  stars.  I  counted  about 
200  of  tbem.  The  middle  of  it  is  so  com- 
pressed that  it  is  impossible  to  distinguish  the 
stars."  "Nov.  5,  1791,  I  viewed  Saturn 
with  the  twenty  and  forty  feet  telescopes  : 
Twenty  feet. — The  fifth  satelHte  of  Saturn  is 
very  sniall.  The  first,  second,  third,  fourth, 
and  fifth,  and  the  new  sixth  satellites,  are  in 
their  calculated  places.  Forty  feet. — I  see 
the  new  sixth  satellite  much  better  with  this 
instrument  than  with  the  twenty-feet.  The 
fifth  is  also  much  larger  here  than  in  the 
twenty^feet,  in  which  it  was  nearly  the  same 
size  as  a  small  fixed  star,  but  here  it  is  con- 
siderably larger  than  that  star." 

These  examples,  and  many  others  of  a 
similar  kind,  explain  sufficiently  the  nature 
and  extent  of  that  species  of  power  that  one 
telescope  possesses  over  another,  in  conse- 
quence of  its  enlarged  aperture  ;  but  the  exact 
quantity  of  this  power  is  in  some  degree  un- 
certain. To  ascertain  practically  the  illumi- 
nating power  of  telescopes,  we  must  try  them 
with  equal  powers  on  such  objects  as  the  fol- 
lowing :  the  small  stars  near  the  pole  star,  and 
near  Rigel  and  g  Bootis ;  the  division  in  the 
ring  of  Saturn  ;  and  distant  objects  in  the  twi- 
light or  towards  the  evening.  These  objects 
are  distinctly  seen  with  a  five-feet  achromatic 
of  3y8_th  inches  aperture,  and  an  illuminating 
power  of  144,  while  they  are  scarcely  visible 
in  a  3^  feet  with  an  aperture  of  2|th  inches, 
and  an  illuminating  power  of  72,  supposing 
the  same  magnif^dng  power  to  be  applied. 
The  illuminating  power  of  a  telescope  is  best 
estimated,  in  regard  to  land  objects,  when  it  is 
tried  on  minute  objects,  and  such  as  are  badly 
lighted  up ;  and  the  advantage  of  a  telescope 
with  a  large  aperture  will  be  most  obvious 
when  it  is  compared  with  another  of  inferior 
size  in  the  close  of  the  evening,  when  looking 
at  a  printed  bill  composed  of  letters  of  various 
sizes.  As  darkness  comes  on,  the  use  of  illu- 
minating power  becomes  more  evident.  In  a 
five-feet  telescope  some  small  letters  will  be 
legible  which  are  hardly  discernible  in  the  3^ 
feet,  and  in  the  2|-  feet  are  quite  undefinable, 
though  the  magnifying  powers  be  equal.  Sir 
W.  Herschel  informs  us  that,  in  the  year 
1776,  when  he  had  erected  a  telescope  of 
twenty  feet  focal  length  of  the  Newtonian 
construction,  one  of  its  effects  by  trial  was, 
that  when,  towards  evening,  on  account  of 
darkness,  the  natural  eye  could  not  penetrate 
far  into  space,  the  telescope  possessed  that 
power  sufficiently  to  show,  by  the  dial  of  a 
■jistant  church  steeple,  what  o'clock  it  was, 
QOtwithstanding  the  naked  eye  could  no  longer 
a^  the  steeple  itself. 

In  order  to  convey  an  idea  of  the  7iumbers 
hj  which  the  degree  of  space-penetrating  pow- 
.(856) 


er  is  expressed,  and  the  general  grounds  on 
which    they   rest,   the    following    statements 
may    be   made.      The    depth   to   which   the 
naked  eye  can  penetrate  into  the  spaces  of  the 
heavens  is   considered   as   extending   to  the 
twelfth  order  of  distances ;  in  other  words,  it 
can  perceive  a  star  at  a  distance  twelve  times 
further  than  those  luminaries,  such  as  Sirius, 
Arcturus,  or  Capella,  which,  from  their  vivid 
light,  we  presume  to  be  nearest  to  us.     It  has 
been  stated  above  that  Herschel  calculated  his 
ten-feet  telescope  to  have  a  space-penetrating 
power  of  28.67,  that  is,  it  could  enable  us  to 
descry  a  star  28  times  further  distant  than  the 
naked  eye  can  reach.     His  twenty-feet  New- 
tonian  was  considered    as   having   a   similar 
power  of  61  ;  his  25  feet,  nearly  96  ;   and  his 
forty-feet  instrument,  a  power  of  191.69.     If 
each  of  these  numbers  be  multiplied  by  12,  the 
product  will  indicate  how  much  further  these 
telescopes  will  penetrate  into  space  than  the 
nearest  range  of  the  fixed  stars,  such  as  those 
of  the   first  magnitude.      For   instance,   the 
penetrating  power  of  the  forty-feet  reflector 
being  191.69,  this  number,  multiplied  by  12, 
gives  a  product  of  2300,  which  shows  that, 
were  there  a  series  of  two  thousand  three  hun- 
dred  stars  extended  in  a  line  beyond  Sirius, 
Capella,  and  similar  stars,  each  star  separated 
from  the  one  beyond  it  by  a  space  equal  to 
the  distance   of  Sirius  from   the  earth,  they 
might  be  all  seen  through  the  forty-feet  tele- 
scope.    In  short,   the  penetrating  power  of 
telescopes  is  a  circumstance  which  requires  to 
be  particularly  attended  to  in  our  observations 
of  celestial  phenomena,  and  in  many  cases  is 
of  more  importance  than  magnfying  power. 
It  is  the  effect  produced  by  illuminating  power 
that  renders  telescopes,  furnished  with  com- 
paratively small   magnifying   powers,    much 
more  efficient  in  observing  comets,  and  certain 
nebulae  and  clusters  of  stars,  than  when  high 
powers  are  attempted.     Every  telescope  may 
be  so  adjusted  as  to  produce  different  space- 
penetrating  powers.     If  we  wish  to  diminish 
such  a  power,  we  have  only  to  contract  the 
object-glass  or  speculum  by  placing  circular 
rims,    or   apertures   of  different    degrees   of 
breadth,  across  the  mouth  of  the  great  tube 
of  the  instrument.     But  we  cannot  increase 
this  illuminating  power  beyond  a  certain  ex- 
tent, which  is  limited  by  the  diameter  of  the 
object-glass.      When    we    wish   illuminating 
power  beyond  this  hmit,  we  must  be  furnished 
with  an  object-glass  or  speculum  of  a  larger 
size ;  and  hence  the  rapid  advance  in  price  o^ 
instruments  which  have  large  apertures,  and 
consequently  high  illuminating  powers.     Mr, 
Tulley*s  3^  feet  achroraatics  of  2f  th  inches 
aperture  sell  at  £26  5s.;  when  the  aperture 
is  3^th  inches,  the  price  is  £42  ;  when  3f  th 
inches,  £68  5s.      The  following  table  con- 
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tains  a  statement  of  the  "  comparative  lengths,    achromatic  refractors   and  Gregorian   reflec- 
apertures,  illuminating  powers,  and  prices  of     tors,"  according  to  Dr.  Kitchener: 


ACHIIOMATIC     IIEFIIACTORS. 

GIlEGORIAJiT,   ETC.,  IlErLECTGllS. 

U 

ia'h  and   name  they  j,  Diameter  of  llUuininatina; 

Price 

Length  and  name  thev 

Diameter    of iniumitialing 

Price. 

are  knov/ii  by. 

apert.re. 

power. 

are  known  by 

aperture. 

power. 

Feet. 

In.     Th. 

L.     s. 

feet. 

Ill,      ih. 

L. 

t 

2 

1.    6 

25 

4     4 

1 

2.      5 

62 

7 

7 

n 

2 

40 

12   12 

a 

3 

90 

12 

12 

n 

2.    7 

72 

21   to 

2 

4.     5 

202 

20 

42        f 

3 

5.     5 

302 

50 

5                   3.    8 

144 

105  to 

4 

7 

490 

105 

150 

7  Newtonian 

7 

400 

126 

7                    5 

250 

250 

5  Gregorian 

9 

8i0 

200 

7                    6 

360 

360 

10  Newtonian 

10 

1000 

315 

The  illuminating  powers  stated  in  the  above 
table  are  only  comparative.  Fixing  on  the 
number  25  as  the  illuminating  power  of  a 
two-feet  telescope,  l^^^^-ths  of  an  inch  aperture, 
that  of  a  2^  feet,  two  inches  aperture,  will  be 
40;  of  a  five-feet,  3  j^^th  inches  aperture,  144, 
&c.  If  the  illuminating  power  of  a  Gregorian 
1^  foot,  and  three  inches  aperture,  be  90,  a 
five-feet,  with  nine  inches  aperture,  will  be 
810,  &c. 

6.  Oa  choosing  Telescopes,  and  ascertain- 
ing their  Properties. — It  is  an  object  of  con- 
siderable importance  to  every  astronomical 
observer  that  he  should  be  enabled  to  form  a 
judgment  of  the  qualities  of  his  telescope,  and 
of  any  instruments  of  this  description  which 
he  may  intend  to  purchase.  The  following 
directions  may  perhaps  be  useful  to  the  reader 
in  directing  him  in  the  choice  of  an  achroma- 
tic refracting  telescope : 

Supposing  that  an  achromatic  telescope  of 
3 1  feet  focal  length  and  3^th  inches  aperture 
were  offered  for  sale,  and  that  it  were  required 
to  ascertain  whether  the  object-glass,  on  which 
its  excellence  chiefly  depends,  is  a  good  one, 
and  duly  adjusted,  some  opinion  may  be 
formed  by  laying  the  tube  of  the  telescope  in 
a  horizontal  position,  on  a  firm  support,  about 
the  height  of  the  eye,  and  by  placing  a  printed 
card  or  a  watch-glass  vertically,  but  in  an  in- 
verted position,  against  some  wall  or  pillar  at 
40  or  50  yards  distant,  so  as  to  be  exposed  to 
a  clear  sky.  When  the  telescope  is  directed 
to  this  object,  and  accurately  adjusted  to  the 
eye,  should  the  letters  on  the  card,  or  the 
strokes  and  dots  on  the  watch-glass,  appear 
clearly  and  sharply  defined,  without  any  mis- 
tiness or  coloration,  and  if  very  small  spots 
appear  well  defined,  great  hopes  may  be 
entertained  that  the  glass  will  turn  out  a  good 
one.  But  a  telescope  may  appear  a  good  one, 
when  viewing  common  terrestrial  objects,  to 
eyes  unaccustomed  to  discriminate  deviations 
from  perfect  vision,  while  it  may  turn  out  to 
be  an  indifferent  one  when  directed  to  certain 
celestial  objects.  Instead,  therefore,  of  a 
printed  card,  fix  a  black  board,  or  one  half  of 
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a  sheet  of  black  paper,  in  a  vertical  position  at 
the  same  distance,  and  a  circular  disk  of  white 
writing  paper,  about  one-fourth  of  an  inch  in 
diameter,  on  the  centre  of  the  black  ground; 
then,  having  directed  the  telescope  to  this  ob- 
ject, and  adjusted  for  the  place  of  distinct 
vision,  mark  with  a  black-lead  pencil  the 
sliding  eyetuhe  at  the  end  of  the  main  tube,  so 
that  this  position  can  always  be  known  ;  and 
if  this  sliding  tube  be  gradually  drawn  out  or 
pushed  in  while  the  eye  beholds  the  disk,  it 
will  gradually  enlarge  and  lose  its  colour  till 
its  edges  cease  to  be  well  defined.  Now  if 
the  enlarged  misty  circle  is  observed  to  be  con- 
centric with  the  disk  itself,  the  object-glass  is 
properly  centred,  as  it  has  reference  to  the 
tube  ;  but  if  the  misty  circle  goes  to  one  side 
of  the  disk,  the  cell  of  the  object  glass  is  not  at 
right  angles  to  the  tube,  and  must  have  its 
screws  removed  and  its  holes  elongated  by  a 
rat-tailed  file  small  enough  to  enter  the  holes. 
When  this  has  been  done,  the  cell  may  be  re- 
placed, and  the  disk  examined  a  second  time, 
and  a  slight  stroke  on  one  edge  of  the  cell  by 
a  wooden  mallet  will  show  by  the  alteration 
made  in  the  position  of  the  misty  portion  of 
the  disk  how  the  adjustment  is  to  be  effected, 
which  is  known  to  be  right  when  a  motion  in 
the  sliding  tube  will  make  the  diluted  disk 
enlarge  in  a  circle  concentric  with  the  disk 
itself.  When  the  disk  will  enlarge  so  as  to 
make  a  ring  of  diluted  white  light  round  its 
circumference  as  the  sliding  tube  holding  the 
eyepiece  is  pushed  in  or  drawn  out,  the  cell 
may  be  finally  fixed  by  the  screws  passing 
through  its  elongated  holes. 

When  the  object-glass  is  thus  adjusted,  it 
may  then  be  ascertained  whether  the  curves 
of  the  respective  lenses  composing  the  object- 
glass  are  well  formed,  and  suitable  for  each 
other.  If  a  small  motion  of  the  sliding  tube 
of  about  j'q  th  of  an  inch  in  a  3^  feet  telescope 
from  the  point  of  distinct  vision  will  dilute  the 
light  of  the  disk  and  render  the  appearance 
confused,  the  figure  of  the  object-glass  is  good, 
particularly  if  the  same  eflect  will  take  place 
at  equal  distances  from  the  point  of  distinct 
4  c  2  (857) 
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vision  when  the  tube  is  alternately  drawn  out 
and  pushed  in.  -A  telescope  that  will  admit 
of  much  motion  in  the  sliding  tube  without 
sensibly  affecting  the  distinctness  of  vision 
will  not  define  an  object  well  at  any  point  of 
adjustment,  and  must  be  considered  as  having 
an  imperfect  object-glass,  inasmuch  as  the 
spherical  aberration  of  the  transmitted  rays  is 
not  duly  corrected.  The  due  adjustment  of 
the  convex  lens  or  lenses  to  the  cancave  one 
will  be  judged  of  by  the  absence  of  coloration 
round  the  enlarged  disk,  and  is  a  property 
distinct  from  the  spherical  aberration ;  the 
achromatism  depending  on  the  relative  focal 
distances  of  the  convex  and  concave  lenses  is 
regulated  by  the  relative  dispersive  powers  of 
the  pieces  of  glass  made  use  of,  but  the  dis- 
tinctness of  vision  depends  on  a  good  figure 
of  the  computed  curves  that  limit  the  focal 
distances.  When  an  object-glass  is  free  from 
imperfection  in  both  these  respects,  it  may  be 
called  a  good  glass  for  terrestrial  purposes. 

It  still,  however,  remains  to  be  determined 
how  far  such  an  object-glass  may  be  good  for 
viewing  a  star  or  a  planet,  and  can  only  be 
known  by  actual  observations  on  the  heavenly 
bodies.  When  a  good  telescope  is  directed 
to  the  moon  or  to  Jupiter,  the  achromatism 
may  be  judged  of  by  alternately  pushing  in 
and  drawing  out  the  eyepiece  from  the  place 
of  distinct  vision.  In  the  former  case,  a  ring 
of  purple  will  be  formed  round  the  edge  ;  and 
in  the  latter,  a  ring  of  light  green,  which  is 
the  central  colour  of  the  prismatic  spectrum ; 
for  these  appearances  show  that  the  extreme 
colours,  red  and  violet,  are  corrected.  Again, 
if  one  part  of  a  lens  employed  have  a  different 
refractive  power  from  another  part  of  it,  that 
is,  if  the  iiini-glass  particularly  is  not  homo- 
geneous, a  star  of  the  first  and  even  of  the 
second  magnitude  will  point  out  the  natural 
defect  by  the  exhibition  of  an  irradiation,  or 
what  is  called  a  wing,  at  one  side,  which  no 
perfection  of  figure  or  of  adjustment  will 
banish,  and  the  greater  the  aperture,  the  more 
liable  is  the  evil  to  happen :  hence  caps  with 
different  apertures  are  usually  supplied  with 
large  telescopes,  that  the  extreme  parts  of  the 
glass  may  be  cut  off  in  observations  requiring 
a  round  and  well-defined  image  of  the  body 
observed. 

Another  method  of  determining  the  figure 
and  quality  of  an  object-glass  is  by  first  cover- 
ing its  centre  by  a  circular  piece  of  paper,  as 
much  as  one  half  of  its  diameter,  and  adjusting 
it  for  distinct  vision  of  a  given  object,  such  as 
the  disk  above  mentioned,  when  the  central 
rays  are  intercepted,  and  then  trying  if  the 
focal  length  remains  unaltered  when  the  paper 
is  taken  away  and  an  aperture  of  the  same 
size  applied,  so  that  the  extreme  rays  may  in 
their  turn  be  cut  off.  If  the  vision  remains 
C858) 


equally  distinct  in  both  cases,  without  any 
new  adjustment  for  focal  distance,  the  figure 
is  good,  and  the  spherical  aberration  cured, 
and  it  may  be  seen  by  viewing  a  star  of  the 
first  magnitude  successively  in  both  cases, 
whether  the  irradiation  is  produced  more  by 
the  extreme  or  by  the  central  parts  of  the  glass ; 
or,  in  case  the  one  half  be  faulty  and  the  other 
good,  a  semicircular  aperture,  by  being  turned 
gradually  round  in  trial,  will  detect  what 
semicircle  contains  the  defective  portion  of  the 
glass ;  and  if  such  portion  should  be  covered,  the 
only  inconvenience  that  would  ensue  would 
be  the  loss  of  so  much  light  as  is  thus  excluded. 
When  an  object-glass  produces  radiations  in 
a  large  star,  it  is  unfit  for  the  nicer  observa- 
tions of  astronomy,  such  as  viewing  double 
stars  of  the  first  class.  The  smaller  a  large 
star  appears  in  any  telescope,  the  better  is  the 
figure  of  the  object-glass ;  but  if  the  image 
of  the  star  be  free  from  wings,  the  size  of 
its  disk  is  not  an  objection  in  practical  ob- 
servations.* 

Some  opticians  are  in  the  habit  of  inserting 
a  diaphragm  into  the  body  of  the  large  tube, 
to  cut  off  the  extreme  rays  coming  fi-om  the 
object-glass  when  the  figure  is  not  good,  in- 
stead  of  lessening  the  aperture  by  a  cap. 
When  this  is  the  case,  a  deficiency  of  light 
will  be  the  consequence  beyond  vi^hat  the  ap- 
parent aperture  warrants.  It  is  therefore  pro» 
per  to  examine  that  the  diaphragm  be  not 
placed  too  near  the  object-glass,  so  as  to  in- 
tercept any  of  the  useful  rays.  Sometimes  a 
portion  of  the  object-glass  is  cut  off  by  the 
stop  in  the  eyetube.  To  ascertain  this,  adjust 
the  telescope  to  distinct  vis-ion,  then  take  out 
the  eyeglasses,  and  put  your  finger  on  some 
other  object  on  the  edge  of  the  outside  of  the 
object-glass,  and  look  down  the  tube  ;  if  you 
can  see  the  top  of  your  finger,  or  any  object 
in  its  place,  just  peeping  over  the  edge  of  the 
object-glass,  no  part  is  cut  off.  I  once  had  a 
3^  feet  telescope  whose  object-glass  measured 
three  inches  in  diameter,  which  was  neither 
so  bright,  nor  did  it  perform  in  other  respects 
nearly  so  well  as  another  of  the  same  length 
whose  object-glass  was  only  2|th  inches  in 
diameter ;  but  I  found  that  a  diaphragm  was 
placed  about  a  foot  within  the  end  of  the  large 
tube,  which  reduced  the  aperture  of  the  ob- 
ject-glass to  less  than  2^  inches,  and  when  it 
was  removed  the  telescope  was  less  distinct 
than  before.  The  powers  given  along  with 
this  instrument  were  much  lower  than  usual, 
none  of  them  exceeding  100  times.  This  is 
a  trick  not  uncommon  with  some  opticians. 

Dr.  Pearson  mentions  that  an  old  DoUond's 
telescope  of  63  inches  focal  length  and  3|th 

*  The  above  directions  and  remarks  are  abridged 
with  some  alterations  from  Dr.  Pearson's  "  Intro 
duction  to  Practical  Astronomy,"  vol.  ii. 
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inches  aperture,  supposed  to  be  an  excellent 
oiie,  was  brought  to  Mr.  Tulley  when  he  was 
present,  and  the  result  of  the  examination  was 
that  its  achromatism  was  not  perfect.  The 
imperfection  was  thus  determined  by  experi- 
ment. A  small  glass  globe  was  placed  at  forty 
yards'  distance  from  the  object-end  of  the  tele- 
scope when  the  sun  was  shining,  and  the 
speck  of  light  seen  reflected  from  this  globe 
formed  a  good  substitute  for  a  large  star,  as 
an  object  to  be  viewed.  When  the  focal 
length  of  the  object-glass  was  adjusted  to  this 
luminous  object,  no  judgment  could  be  formed 
of  its  prismatic  aberrations  till  the  e3'-epiece 
had  been  pushed  in  beyond  the  place  of  cor- 
rect vision ;  but  when  the  telescope  was 
shortened  a  little,  the  luminous  disk  occa- 
jsioned  by  such  shortening  was  strongly  tinged 
with  red  rays  at  its  circumference.  On  the 
contrary,  when  the  eyepiece  was  drawn  out 
so  as  to  lengthen  the  telescope  too  much,  the 
disk  thus  produced  was  tinged  with  a  small 
circle  of  red  at  its  centre^  thereby  denoting 
that  the  convex  lens  had  too  short  a  focal 
length ;  and  Mr.  Tulley  observed,  that  if  one 
or  both  of  the  curves  of  the  convex  lens  were 
flattened  till  the  total  focal  length  should  be 
about  four  inches  increased,  it  would  render 
the  telescope  quite  achromatic,  provided  in 
doing  this  the  aberration  should  not  be  in- 
creased. 

The  following  general  remarks  may  be  ad- 
ded :  1 .  To  make  any  thing  like  an  accurate 
comparison  of  telescopes,  they  must  be  tried 
not  only  at  the  same  place,  but  as  nearly  as 
possible  at  the  same  time,  and,  if  the  instru- 
ments are  of  the  same  length  and  construc- 
tion, if  possible,  with  the  same  eyepiece.  2. 
A  difference  of  eight  or  ten  times  in  the  mag- 
nifying power  will  sometimes,  on  certain  ob- 
jects, give  quite  a  diiferent  character  to  a 
telescope.  It  has  been  found  by  various  ex- 
periments that  object-glasses  of  two  or  three 
inches  longer  focus  will  produce  different 
vision  with  the  same  eyepiece.  3.  Care  must 
be  taken  to  ascertain  that  the  eyeglasses  are 
perfectly  clean  and  free  from  defects.  The 
defects  of  glass  are  either  from  veins,  specks, 
scratches,  colour,  or  an  incorrect  figure.  To 
discover  veins  in  an  eye  or  an  object-glass, 
place  a  candle  at  the  distance  of  four  or  five 
yards  ;  then  look  through  the  glass,  and  move 
it  from  your  eye  till  it  appear  full  of  Hght ; 
you  will  then  see  every  vein,  or  other  imper- 
fection in  it,  which  may  distort  the  objects 
and  render  vision  imperfect.  Specks  or 
scratches,  especially  in  object-glasses,  are  not 
so  injurious  as  veins,  for  they  do  not  distort 
the  object,  but  only  intercept  a  portion  of  the 
light.  4.  We  cannot  judge  accurately  of  the 
excellence  of  any  telescope  by  observing  ob- 
jects with  which  we  are  not  famiharly  ac- 


quainted. Opticians  generally  try  an  instru- 
ment at  their  own  marks,  such  as  the  dial- 
plate  of  a  watch,  a  finely-engraved  card,  a 
weathercock,  or  the  moon  and  the  planet 
Jupiter,  when  fiear  the  meridian.  Of  several 
telescopes  of  the  same  length,  aperture^  and 
magnifying  power,  that  one  is  generally  con- 
sidered the  best  with  which  we  can  rend  a 
given  print  at  the  greatest  distance,  especially 
if  the  print  consists  oi figures,  such  as  a  table 
of  logarithms,  where  the  eye  is  not  apt  to  be 
deceived  by  the  imagination  in  guessing  at 
the  sense  of  a  passage  when  two  or  three 
words  are  distinguished. 

There  is  a  circumstance  which  I  have  fre- 
quently noticed  in  reference  to  achromatic 
telescopes,  particularly  those  of  a  small  size, 
and  which  I  have  never  seen  noticed  by  any 
optical  writer.  It  is  this:  if  the  telescope, 
when  we  are  viewing  objects,  be  gradually 
turned  round  its  axis,  there  is  a  certain  pod- 
tion  in  which  the  objects  will  appear  distinct 
and  accurately  defined;  and  if  it  be  turned 
round  exactly  a  semicircle  horn  this  point, 
the  same  degree  of  distinctness  is  perceived, 
but  in  all  other  positions  there  is  an  evident 
want  of  clearness  and  defining  power.  This 
I  find  to  be  the  case  in  more  than  ten  one- 
foot  and  two-feet  telescopes  now  in  my  pos- 
session, and  therefore  I  have  put  marks  upon 
the  object-end  of  each  of  them  to  indicate  the 
positions  in  which  they  should  be  used  for 
distinct  observation.  This  is  a  circumstance 
which  requires,  in  many  cases,  to  be  attended 
to  in  the  choice  and  the  use  of  telescopical 
instruments,  and  in  fixing  and  adjusting  them 
on  their  pedestals.  In  some  telescopes  this 
defect  is  very  striking,  but  it  is  in  some  mea- 
sure perceptible  in  the  great  majority  of  instru- 
ments which  I  have  had  occasion  to  inspect. 
Even  in  large  and  expensive  achromatic  tele- 
scopes this  defect  is  sometimes  observable.  I 
have  an  achromatic  whose  object  glass  is  4  jijjth 
inches  diameter,  which  was  much  improved 
in  its  defining  power  by  being  unscrewed  from 
its  original  position,  or  turned  round  its  axis 
about  one-eighth  part  of  its  circumference. 
This  defect  is  best  detected  by  looking  at  a 
large  printed  bill,  or  a  signpost  at  a  distance, 
when  on  turning  round  the  telescope  or  object- 
glass,  the  letters  will  appear  much  better  de- 
fined in  one  position  than  in  another.  The 
position  in  which  the  object  appears  least 
distinct  is  when  the  upper  part  of  the  tele- 
scope is  a  quadrant  of  a  circle  different  from 
the  two  positions  above  stated,  or  at  au  equal 
distance  from  each  of  them. 

7.  On  the  mode  of  determining  the  mag- 
nifying Power  of  Telescopes. — In  regard  to 
refracting  telescopes,  we  have  already  shown 
that,  when  a  single  eyeglass  is  used,  the  mag- 
nifying power  may  be  found  by  dividing  th© 
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focal  distance  of  the  object-glass  by  that  of 
the  eyeglass;  but  when  a  Huygenian  eye- 
piece, or  a  four-glass  terrestrial  eyepiece,  such 
as  is  now  common  in  achromatic  telescopes, 
is  used,  the  magnifying  power  cannot  be  as- 
certained in  this  manner ;  and  in  some  of  the 
delicate  observations  of  practical  astronomy, 
it  is  of  the  utmost  importance  to  know  the 
exact  magnifying  power  of  the  instrument 
with  which  the  observations  are  made,  particu- 
lurlj  when  micrometrical  measurements  are 
employed  to  obtain  the  desired  results.  The 
following  is  a  general  method  of  finding  the 
magnifying  powers  of  telescopes  when  the 
instrument  called  a  dynanietci'  is  not  employed, 
and  it  answers  for  refracting  and  reflecting  tele- 
scopes of  every  description. 

Having  put  up  a  small  circle  of  paper  an 
inch  or  two  in  diameter  at  the  distance  of 
about  100  yards,  draw  upon  a  card  two  black 
parallel  lines,  whose  distance  from  each  other 
is  equal  to  the  diameter  of  the  paper  circle; 
then  view  through  the  telescope  the  paper 
circle  with  one  eye,,  and  the  parallel  lines  with 
the  other,  and  let  the  parallel  lines  be  moved 
nearer  to  or  further  from  the  eye,  till  they 
seem  exactly  to  cover  the  small  circle  viewed 
through  the  telescope ;  the  quotient  obtained 
by  dividing  the  distance  of  the  paper  circle  by 
the  distance  o^  the  parallel  Hnes  from  the  eye 
will  be  the  magnifying  power  of  the  telescope. 
It  requires  a  little  practice  before  this  experi- 
ment can  be  performed  with  accuracy.  The 
one  eye  must  be  accustomed  to  look  at  an 
object  near  at  hand,  while  the  other  is  looking 
at  a  more  distant  object  through  the  telescope. 
Both  eyes  must  be  open  at  the  same  time,  and 
the  image  of  the  object  seen  through  the  tele- 
scope must^'be  brought  into  apparent  contact 
with  the  real  object  near  at  hand.  But  a  little  , 
practice  will  soon  enable  any  observer  to  per- 
form the  experiment  with  ease  and  correctness, 
if  the  telescope  be  mounted  on  a  firm  stand, 
arid  its  elevation  or  depression  produced  by 
rack-work. 

The  following  is  another  method,  founded 
on  the  same  principle :  Measure  the  space 
occupied  by  a  number  of  the  courses,  or  rows 
of  bricks  in  a  modern  building,  which  upon 
an  average,  is  found  to  have  eight  courses  in 
two  feet,  so  that  each  course  or  row  is  three 
inches.  Then  cut  a  piece  of  paper  three 
inches  in  height,  and  of  the  length  of  a  brick, 
which  is  about  nine  inches,  so  that  it  may 
represent  a  brick,  and  fixing  the  paper  against 
the  brick  wall,  place  the  telescope  to  be  ex- 
amined at  the  distance  of  about  80  or  100 
yards  from  it.  Now,  looking  through  the 
telescope  at  the  paper  with  one  eye,  and  at 
the  same  time,  with  the  other  eye,  looking 
past  the  telescope,  observe  what  extent  of  wall 
tlie  magnified  image  of  the  paper  appears  to 


cover;  then  count  the  courses  of  bricks  1^ 
that  extent  and  it  will  give  the  magjiifying 
power  of  the  telescope.  It  is  to  be  observed, 
however,  that  the  magnifying  power  deter- 
mined in  this  way  v/ill  be  a  fraction  greater 
than  for  very  distant  objects,  as  the  focal  dis- 
tance of  the  telescope  is  necessarily  lengthened 
in  order  to  obtain  distinct  vision  of  near  objects. 

In  comparing  the  magnifying  powers  of 
two  telescopes,  or  of  the  same  telescope  when 
different  magnifying  powers  are  employed,  I 
generally  use  the  following  simple  method. 
The  telescopes  are  placed  at  eight  or  ten  feet 
distant  from  a  window,  with  their  eye-ends 
parallel  to  each  other,  or  at  the  same  distance 
from  the  window.  Looking  at  a  distant  ob- 
ject, I  fix  upon  a  portion  of  it  whose  magni- 
fied image  will  appear  to  fill  exactly  two  or 
three  panes  of  the  window ;  then,  putting  on 
a  different  power,  or  looking  through  another 
telescope,  I  observe  the  same  object,  and  mark 
exactly  the  extent  of  its  image  on  the  window- 
panes,  and  compare  the  extent  of  the  one  image 
with  the  other.  Suppose,  for  example,  that  the 
one  telescope  has  been  previously  found  to  mag- 
nify ninety  times,  and  that  the  image  of  the 
object  fixed  upon  exactly  fills  three  panes  of 
the  window,  and  that  with  the  other  power  or 
the  other  telescope  the  image  fills  exactly  two 
panes,  then  the  magnifying  power  is  equal  to 
two-thirds  of  the  former,  or  sixty  times ;  and 
were  it  to  fill  only  one  pane,  the  povc^er  would 
be  about  thirty  times.  A  more  correct  method 
is  to  place  at  one  side  of  the  window  a  narrow 
board  two  or  three  feet  long,  divided  into  fif- 
teen or  twenty  equal  parts,  and  observe  how 
many  of  these  parts  appear  to  be  covered  by 
the  respective  image  of  the  different  telescopes. 
Suppose,  in  the  one  case,  ten  divisions  to  be 
covered  by  the  image  in  a  telescope  magnify- 
ing ninety  times,  and  that  the  image  of  the 
same  object  in  another  telescope  measures  six 
divisions,  then  its  power  is  found  by  the  fol- 
lowing proportion;  10  :  90  :  :  6  :  54 ;  that  is, 
this  telescope  magnifies  54  times. 

Another  mode  which  I  have  used  for  deter- 
mining, to  a  near  approximation,  the  powers 
of  telescopes,  is  as  follows;  Endeavour  to  find 
the  focus  of  a  single  lens  which  is  exactly 
equivalent  to  the  magnifying  power  of  the 
eyepiece,  whether  the  Huygenian  or  the  cora.- 
mon  terrestrial  eyepiece.  This  may  be  done 
by  taking  small  lens,  and  using  it  as  an  6b- 
ject-glass  to  the  eyepiece.  Looking  through 
the  eyepiece  to  a  window  and  holding  the 
lens  at  a  proper  distance,  observe  whether  the 
image  of  one  of  the  panes  exactly  coincides 
with  the  pane  as  seen  by  the  naked  eye  ;  if 
it  does,  then  the  magnifying  power  of  the 
eyepiece  is  equal  to  that  of  the  lens.  If  the 
lens  be  half  an  inch  in  focal  length,  the  eye- 
piece will  produce  the  same  magnifying  })owef 
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as  a  single  lens  when  used  as  an  eyeglass  to  product  by  their  difference,  we  shall  again 
the  telescope,  and  the  magnifying  power  will  obtain  the  distance  of  the  terrestrial  object 
then  be  found  by  dividing  tire  focal  distance    f^.,^  ,^^^  ,^^^  Thus,  ALltil. 

of  the  object-glass  by  that  of  the  evetrlass  :  but    .     ,  ,^  '        i-s 

inches=  101.5  feet,  or  33  yards  2^  feet. 


-=1218 


!  object-glass  by  that  of  the  eyeglass  ;  but 
if  the  image  of  the  pane  of  glass  does  not 
exactly  coincide  with  the  pane  as  seen  by  the 
other  eye,  then  proportional  parts  may  be 
taken  by  observnig  the  divisions  of  such  a 
board  as  described  above,  or  we  may  try  lenses 
of  diilerent  focal  distances.  Suppose,  for  ex- 
ample, that  a  lens  two  inches  focal  length  had 
been  used,  and   that  the   image  of  a  pane 

covered  exactly  the  space  of  two  panes,  the    .     ,  j-  -^-^  '""" 

power  of  the  eyepiece  is  then  equal  to  that    i"^^!^  apart,  according  to  the  accuracy  required, 


The  magnifying  power  of  a  telescope  is 
also  determined  by  measuring  the  image  whi(;h 
the  object-glass  or  the  large  speculum  of  a 
telescope  forms  at  its  solar  focus.  This  is  ac- 
complished by  means  of  an  instrument  called 
a  Dynameter.  This  apparatus  consists  of  a 
strip  of  mother-ol-pearl,  marked  with  equal 
divisions,  from  the  ^i^th  to  the  y^^-^th  of  an 


of  a  single  lens  of  one  inch  focal  distance, 

The  following  is  another  mode  depending 
on  the  same  general  principle.  If  a  slip  of 
writing-paper  one  inch  long,  or  a  disk  of  the 
same  material  one  inch  in  diameter,  be  placed 
on  a  black  ground  at  from  30  to  50  yards' 
distance  from  the  object-end  of  the  telescope, 
and  a  staff  painted  white,   and   divided  into 


measure  is  attached  to  a  magnifying  lens 
in  its  focus,  in  order  to  make  the  small  divi- 
sions more  apparent.  When  the  power  of  a 
telescope  is  required,  the  person  must  measure 
the  clear  aperture  of  the  object-glass  ;  then, 
holding  the  pearl  dynameter  next  the  eye- 
glass, let  him  observe  how  many  divisions  the 
small  circle  of  light  occupies  when  the  instru- 


inches  and  parts  by  strong  black  lines,  be  "^«^!\t  is  directed  to  a  bright  object;  then,  by 
placed  vertically  near  the  said  paper  or  disk  fu"^' ,"'^  ^^^  diameter  of  the  object-glass  by 
the  eye  that  is  directed  through  the  telescope  ^^.^/lameter  of  this  circle  of  hght,  the  power 
when  adjusted  for  vision  will  see  the  magni-  ^"^^  be  obtamed.f  The  most  accurate  instru- 
fied  disk,  and  the  other  eye,  looking  along  the    ^^'^^  f  ^'""^  ''  ^^^  ^^""^^"^  ^"^^^^  ^^" 

outside  of  the  telescope,  will  observe  the  num-    ^«^^^^^'  invented  by  Ramsden,  and  another 
ber  of  inches  and  parts  that  the  disk  projected    ""''  th^«ame  prmciple  now  made  by  Dollond, 
on  it  will  just  cover,  and  as  many  inches  as    %   particular   description   of  which   may   be 
are  thus  covered  will  indicate  the  magnifying    fl^^^^^/^^  ^^-  Peai^on  s  "  Introduction  to  Prac- 
power  of  the  telescope,  at   the  distance  for    ^^^  Astronomy.   ^    The  advantage  attending 
which  it  is  adjusted  for  distinct  vision.     The    these  dynameters  is,  that  they  do  not  require 
solar  power,  or  powers  for  very  distant  objects,    f"^  knowledge  of  the  thickness  and  focal 
may  be  obtained  by  the  following  proportion:    .f^^^'"  ""^  ^""^  ^^  ^^^  ,^^?^'^'  employed  in  a 
As  the  terrestrial  focal  length  at  the  given    ^^l^^^^P^nor  yet  of  their  number  and  rela- 
distance  is  to  the  solar  focal  length,  so  is  the    ^^^^  Positions;  neither  does  it  make  any  dif- 
terrestrial  to  the  solar  power.     For  example     ^i-ence  whether  the  construction  be  refracting 
a  disk  of  white  paper  one  inch  in  diameter    ^i' reflecting  direct  or  inverting.     One   ope- 
was  placed  on  a  black  board,  and  suspended    '^*T  "'"'^I^^^'  f"^  result  arismg  from  the 
mi  a  wall  contiguous  to  a  vertical  black  staff    ^f^  ^^jiiplicated  construction, 
that    was   graduated   into   inches   by    stron-        I  shall  only  mention  further  the  following 
white  lines,  at  a  distance  of  33  yards  2^  feet    "^^    ."^    ^^  discovering  the  magmfying  power, 
and  when  the  adjustment  for  vision  was  made    "^  ,       ''  f^f  f     ""?      '  'T^  ^f"^'^^  P'^""' 
with  a  42  inch  telescope,  the  left  eye  of  the    ?''^,  ""^  ?""^^^  ^  ^^^^'e*.    ^^^  ^^^  telescope 
observer  viewed   the  disk   projected  on   the    ff  P^f  ^'^  "'  ^"".f  f  P^'^^'^"  opposite  the  sun 
staff,  while   the  right  eye   observed   that  the    ^^^t  the  rays  ot  light  may  fall  perpendicularly 
enlarged  image  of  the  disk  covered  just  58A    ^  ^^'^  object-glass;  the^  pencil  of  rays  may 
inches  on  the  staff,  which  number  was  the    ^  '^^^'"^^^  ^  ""JPu^^^  ^*  paper  and  its  diame- 
measure  of  the  magnifying  power  at  the  dis-    ^"^^  "ifasured.     Then,  as  the  diameter  of  the 
tance  answering  to  33  yards  2^  feet,  which  in    ^^T       '^^.'  ■'  ^"^  ^^'""^  ""^r^'?  object-glass,  so 
this  case  exceeded  the  solar  focus  by  an  inch    ''  ^j^^  "magnifying  power  of  the  telescope. 
and  a  half.     Then,  according  to  the  above        ?;  .^''  O leaning  the  Lenses  of  Telescopes. 


analogy,  we  have,  as  43.5  :  42  :  :  58.5  :  56.5 
nearly.  Hence  the  magnifying  power  due  to 
the  solar  focal  length  of  the  telescope  in  ques- 
tion is  56.5,  and  the  distance,  33  yards  2^ 
feet,  is  that  wliich  corresponds  to  an  elonga- 
tion of  the  solar  focal  distance  an  inch  and  a 


It  is  necessary,  in  order  to  distinct  vision^ 
that  the  glasses,  particularly  the  eyeglasses 
of  telescopes,  be  kept  perfectly  clean,  free  of 
damp,  dust,  or  whatever  may  impede  the 
transmission  of  the  rays  of  light ;  but  great 
caution  ought  to  be  exercised  in  the  wiping 


half.*     If  we  multiply  the  terrestrial  and  the    ^^  ^^'^'"'  ^'  ^^'^  ^'^  ^P^  *^  ^^  scratx^hed  or 
0olar  focal  distances  together,  and  divide  the      ,  ^  The  mother-of-pearl  dynameter  may  be  pur- 
="  '  ^    chased  for  about  twelve  shillings.     See  fig.  57,  a, 

♦Pearson's  "Practinaf  Astronomy,"  vol.  ii.         b,  c,  p.  95 

(861^ 
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otherwise  injured  by  a  rough  and  incautious 
mode  of  cleaning  them.     They  should  never 
be  attempted  to  be  wiped  unless  they  really 
require   it ;   and  in   this  case,  they  should  be 
wiped  carefully  and  gently  with  a  piece  of 
new  and  soft   lamb's-skin  leather ;  if  this  be 
not  at  hand,  a  piece  of  fiue  silk  paper,  or  fine 
clean   linen   may  be   used   as    a   substitute. 
The  lens  which  requires  to  be  most  particu- 
larly attended  to  is  the  second  glass  from  the 
eye,  or  the  field-glass ;  for  if  any  dust  or  other 
impediment  be  found  upon  this  glass,  it  is 
always  distinctly  seen,  being  magnified  by  the 
glass  next  the  eye.     The  next  glass  which 
requires  attention  is  the  fourth  from  the  eye, 
or  that  which  is  next  the  object.     Unless  the 
glass  next  the  eye  be  very  dusty,  a  few  small 
spots  or  grains  of  dust  are  seldom  perceptible. 
The    object-glass   of  an   achromatic   should 
seldom  be  touched  unless  damp  adheres  to  it. 
Care  should  be  taken  never  to  use  pocket- 
handkerchiefs  or  dirty  rags  for  wiping  lenses. 
From  the  frequent  use  of  such  articles,  the 
glasses  of  seamen's  telescopes   get  dimmed 
and   scratched  in  the  course  of  a  few  years. 
If  the  glasses  be  exceedingly  dirty,  and  if 
greasy  substances  are  attached  to  them,  they 
may   be    soaked   in   spirits    and  water,   and 
afterward  carefully  wiped.     In  replacing  the 
glasses  in  their  socket,  care  should  be  taken 
not  to  touch  the  surfaces  with  the  fingers,  as 
the}''  would  be  dimmed  with  the  perspiration ; 
they  should  he  taken  hold  of  by  the   edges 
only,  and  carefully  screwed  into  the   same 
cells  from  which  they  were  taken. 

OW^    MEGALASCOPES,    OR    TELESCOPES    FOB 
TIEWI]vrG    VERT    JifEAB    OBJECTS, 

It  appears  to  have  been  almost  overlooked 
by  opticians  and  others,  that  telescopes  may 
be  constructed  so  as  to  exhibit  a  beautiful  and 
minute  view  of  very  near  objects,  and  to  pro- 
duce even  a  microscopic  effect  without  the 
least  alteration  in  the  arrangement  of  the 
'",nses  of  which  they  are  c/^iiposed.  This 
object  is  effected  simply  by  making  the  eye- 
tube  of  a  telescope  of  such  a  length  as  to  be 
capable  of  being  drawn  out  twelve  or  thirteen 
inches  beyond  the  point  of  distinct  vision  for 
distant  objects.  The  telescope  is  then  ren- 
dered capable  of  exhibiting  with  distinctness 
all  kinds  of  objects,  from  the  most  distant  to 
those  which  are  placed  within  three  or  four 
feet  of  the  instrument,  or  not  nearer  than 
double  the  focal  distance  of  the  object-glass. 
Our  telescopes,  however,  are  seldom  or  never 
fitted  with  tubes  that  slide  further  than  an 
mch  or  two  beyond  the  point  of  distinct  vision 
for  distant  objects,  although  a  tube  of  a  longer 
size  than  usual,  or  an  additional  tube,  would 
cast  but  a  trifling  expense. 

The  following,  among  many  others,  are 
(86,2)      , 


some  of  the  objects  on  wdiich  I  have  trie^ 
many  amusing  experiments  with    telescopes 
fitted  up  with  the  long  tubes  to  which  I  al" 
lude.     The  telescope  to  which  I  shall  more 
particularly  advert  is  an  achromatic,  mounted 
on  a  pedestal,  having  an  object-glass  about 
nineteen  inches  focal  length,  and  If  ths  of  an 
inch  in  diameter,  with  magnifying  pov/ers  for 
distant  objects  of  thirteen  and   twenty  times. 
When  this  instrument  is  directed  to  a  minia- 
ture portrait  3|-  inches  in  length,  placed  in  a 
good  light,  at  the  distance  of  about  eight  or 
ten  feet,  it  appears  as  large  as  an  oil-painting 
four  or  five  feet  long,  and  represents  the  in- 
dividual as  large  as  life.     The  features  of  the 
face  appear  to  stand  out  in  bold  relief;   and 
perhaps  there  is  no  representation  of  the  hu- 
man figure  that  more  resembles  the  living 
prototype  than  in  this  exhibition  provided  the 
miniature  is   finely  executed.     In  this  case 
the  tube  requires  to  be  pulled  out  four  or  five 
inches  from  the  point  of  distinct  vision  for 
distant  objects,  and  consequently  the  magnify 
ing  power  is  proportionally  increased.     An- 
other class   of  objects  to  which  such  a  tele- 
scope may  be  applied  is  Perspective  Prints, 
either  of  public   buildings,  streets,  or   land- 
scapes.    When  viewed  in  this  way  they  pre- 
sent  a    panoramic    appearance,    and    seem 
nearly  as  natural  as  life,  just  in  the   same 
manner  as  they  appear  in  the  Optical  Diago- 
nal Machine,  or  when  reflected  in  a  large 
concave    mirror,   with   this   advantage,   that 
while  in  these  instruments  the  left-hand  side 
of  the  print  appears  where  the  right  should 
be,  the  objects  seen  through  the  telescope  ap- 
pear exactly  in  their  natural   position.     In 
this  case,  however,  the  telescope  should  have 
a  small  magnifying    power,  not    exceeding 
five  or  six  times,  so  as  to  take  in   the  whole 
of  the  landscape.     If  an   astronomical  eye- 
piece be  used,  the  print  will  require  to  be  in- 
verted. 

Other  kinds  of  objects  which  may  be  viewed 
with  this  instrument  are  trees,  flowers,  and  other 
objects  in  gardens  immediately  adjacent  to  the 
apartment  in  which  we  make  our  observations. 
In  this  way  we  may  obtain  a  distinct  view  of 
a  variety  of  rural  objects,  which  we  cannot 
easily  approach,  such  as  the  buds  and  blossoms 
on  the  tops  of  trees,  and  the  insects  with 
which  they  may  be  infested.  There  are  cer- 
tain objects  on  which  the  telescope  may  be 
made  to  produce  a  powerful  microscopical  ef- 
fect, such  as  the  more  delicate  and  beautifal 
kinds  of  flowers,  the  leaves  of  trees,  and  simi- 
lar objects.  In  viewing  such  objects,  the 
telescope  may  be  brought  within  little  m^re 
than  double  the  focal  distance  of  the  object- 
glass  from  the  objects  to  be  viev/ed,and  thcE 
the  magnifying  power  is  very  considerably  in 
creased.     A   nosegay  composed  of  a  variety 
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of  delicate  flowers,  and  even  a  single  flower, 
such  as  the  sea  pink,  makes  a  splendid  ap- 
pearance in  this  way.  A  peacock's  feather, 
or  even  the  fibres  on  a  common  quill,  appear 
very  beaiatiful  when  placed  in  a  proper  light. 
The  leaves  of  trees,  particularly  the  leaf  of 
the  plane-tree,  when  placed  against  a  window- 
pane,  so  that  the  light  may  shine  through 
them,  appear,  in  all  their  internal  ramifica- 
tions, more  distinct,  beautiful,  and  interest- 
ing, than  when  viewed  in  any  other  way ; 
and  in  such  views  a  large  portion  of  the  ob- 
ject is  at  once  exhibited  to  the  eye.  In  this 
case,  the  eyepiece  of  such  a  telescope  as  that 
alluded  to  requires  to  be  drawn  out  twelve  or 
fourteen  inches  beyond  the  point  of  distinct 
vision  for  objects  at  'i  distance,  and  the  dis- 
tance between  these  near  objects  and  the 
object-end  of  the  telescope  is  only  about  3^ 
feet. 

A  telescope  having  a  diagonal  eyepiece 
presents  a  very  pleasant  view  of  near  objects 
in  this  manner.  M^ith  an  instrument  of  this 
kind  I  have  frequently  viewed  the  largM"  kind 
of  small  objects  alluded  to  above,  such  as  the 
leaves  of  shrubs  and  trees,  flowers  consisting 
of  a  variety  of  parts,  the  fibres  of  a  peacock's 
feather,  and  similar  objects.  In  this  case,  the 
object-glass  of  the  instrument,  which  is  10^ 
inches  focal  length,  was  brought  within  22 
inches  of  the  object,  and  the  eye  looked  down 
upon  it  in  the  same  manner  as  when  we  view 
objects  in  a  compound  microscope.  A  com- 
mon pocket  achromatic  telescope  may  be  used 
for  the  purposes  now  stated,  provided  the  tube 
in  the  eyepiece  containing  the  two  lenses  next 
the  object  be  taken  out,  in  which  case  the  two 
glasses  next  the  eye  form  an  astronomical 
eyepiece,  and  the  tubes  may  be  drawn  out 
five  or  six  inches  beyond  the  focal  point  for 
distant  objects,  and  will  produce  distinct  vision 
for  objects  not  further  distant  than  about  20 
or  24  inches ;  but  in  this  case,  the  objects  to 
be  viewed  must  be  inverted,  in  order  that  they 
may  be  seen  in  their  natural  positions  when 
viewed  through  the  instrument.  Telescopes 
of  a  large  size  and  high  magnifying  powers 
may  likewise  be  used  with  advantage  for 
viewing  very  near  objects  in  gardens  adjacent 
to  the  room  in  which  the  instruments  are 
placed,  provided  the  sliding-tube  next  the  eye 
has  a  range  of  two  or  three  inches  beyond  the 
point  of  vision  for  distant  objects.  In  this 
case,  a  magnifying  power  of  100  times  on  a 
S^  or  a  five  feet  achromatic  produces  a  very 
pleasant  effect.  In  making  the  observations 
to  which  I  have  now  alluded,  it  is  requisite  in 
order  to  distinct  vision,  and  to  obtain  a  pleasing 
view  of  the  objects,  that  the  instrument  should 
be  placed  on  a  pedestal,  and  capable  of  motion 
{2a  every  direction.     The  adjustment  for  dis- 


tinct vision  may  be  made  either  by  the  sliding'"' 
tube,  or  by  removing  the  telescope  nearer  to 
or  further  from  the  object. 

REFLECTIONS  O^  LIGHT  AX1>  TISI0:sr,  AHfH  OK 
THE  NATURE  AND  UTILITY  OF  TELESCOPES. 

** Light  is  one  of  the  most  wonderful  and 
beneficial,  and,  at  the  same  time,  one  of  tho 
most  mysterious  agents  in  the  material  cres' 
tion.  Though  the  sun  from  which  it  flows 
to  this  part  of  our  system  is  nearly  a  hundred 
millions  of  miles  from  our  globe,  yet  we  per- 
ceive it  as  evidently,  and  feel  its  influence  as 
powerfully,  as  if  it  emanated  from  no  higher 
a  region  than  the  clouds.  It  supplies  life  and 
comfort  to  our  physical  system,  and  without 
its  influence  and  operations  on  the  various 
objects  around  us,  we  could  scarcely  subsist 
and  participate  of  enjoyment  for  a  single  hour. 
It  is  diffused  around  us  on  every  hand  from 
its  fountain,  the  sun ;  and  even  the  stars, 
though  at  a  distance  hundreds  of  thousands 
of  times  greater  than  that  of  the  solar  orb, 
transmit  to  our  distant  region  a  portion  of  this 
element.  It  gives  beauty  and  fertility  to  the 
earth,  it  supports  the  vegetable  and  animal 
tribes,  and  is  connected  with  the  various  mo- 
tions which  are  going  forward  throughout  the 
system  of  the  universe.  It  unfolds  to  us  the 
whole  scenery  of  external  nature ;  the  lofty 
mountains  and  the  expansive  plains,  the  ma- 
jestic rivers  and  the  mighty  ocean  ;  the  trees, 
the  flowers,  the  crystal  streams,  and  the  vast 
canopy  of  the  sky,  adorned  with  ten  thousands 
of  shining  orbs.  In  short,  there  is  scarcely  an 
object  within  the  range  of  our  contemplation 
but  what  is  exhibited  to  our  understanding 
through  the  medium  of  light,  or  at  least  bears 
a  certain  relation  to  this  enlivening  and  uni- 
versal agento  When  we  consider  the  extreme 
minuteness  of  the  rays  of  light,  their  incon- 
ceivable velocity,  the  invariable  laws  by  which 
they  act  upon  all  bodies,  the  multifarious 
phenomena  produced  by  their  inflections,  re- 
fractions, and  reflections,  while  their  original 
properties  remain  the  same ;  the  endless 
variety  of  colours  they  produce  on  every  part 
of  OUT  terrestrial  creation,  and  the  facility  wiih 
which  millions  of  rays  pass  through  the  small- 
est apertures,  and  pervade  substances  of  great 
density,  while  every  ray  passes  forward  in  the 
crowd  without  disturbing  another,  and  pro- 
duces its  own  specific  impression,  we  cannot 
but  regard  this  element  as  the. most  wonder- 
ful, astonishing,  and  delightful  part  of  the 
material  creation.  When  we  consider  the 
admirable  beauties  and  the  exquisite  plea- 
sures of  which  light  is  the  essential  source, 
and  how  much  its  nature  is  still  involved  m 
mystery,  notwithstanding  the  profound  inves- 

(86  3> 
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ligations  of  modern  philosophers,  we  may  well 
exclaim  with  the  poet, 

'^How  then  stiall  I  attempt  to  sing  of  Him 
Who,  light  him.self,  in  uncreated  light 
Invested  deep,  dwells  awfully  retired 
From  mortal  eye  or  angel's  purer  ken  ; 
Whose  single  smile  has,  from  the  first  of  time. 
Filled,  overflowing,  all  yon  lamps  of  heaven, 
That  beam  for  ever  through  the  boundless  sky." 
Thomson. 

The  eye  is  the  instrument  by  which  we 
perceive,  the  beautiful  and  multifarious  effects 
of  this  universal  agent.  Its  delicate  and  com- 
plicated structure  ;  its  diversified  muscles  ;  its 
coats  and  membranes  ;  its  different  humours, 
possessed  of  different  refractive  powers;  and 
the  various  contrivances  for  performing  and 
regulating  its  external  and  internal  motions, 
so  as  to  accomplish  the  ends  intended,  clearly 
demonstrate  this  organ  to  be  a  masterpiece 
of  Divine  mechanism — the  workmanship  of 
Him  whose  intelligence  surpasses  conception, 
and  whose  wisdom  is  unsearchable.  "  Our 
riight,"  says  Addison,  "  is  the  most  perfect 
and  delightful  of  all  our  senses.  It  fills  the 
mind  with  the  largest  variety  of  ideas,  con- 
verses with  its  objects  at  the  greatest  distance, 
and  continues  the  longest  in  action,  without 
being  tired  or  satiated  with  its  proper  enjoy- 
ments. The  sense  of  feeling  can  indeed  give 
us  a  motion  of  extension,  shape,  and  all  other 
ideas  that  enter  the  eye  except  colours ;  but, 
at  the  same  time,  it  is  very  much  strained,  and 
confined  in  its  operation  to  the  number,  bulk, 
and  distance  of  its  particular  objects.  Our 
sight  seems  designed  to  supply  all  these  de- 
fects, and  may  be  considered  as  a  more  delicate 
and  diffusive  kind  of  touch,  that  spreads  itself 
over  an  infinite  multitude  of  bodies,  compre- 
hends the  largest  figures,  and  brings  into  our 
reach  some  of  the  more  remote  parts  of  the 
universe." 

Could  we  suppose  an  order  of  beings  endued 
with  every  human  faculty  but  that  of  sight,  it 
would  appear  incredible  to  such  beings,  accus- 
tomed only  to  the  slow  information  of  touch, 
that  by  the  addition  of  an  organ  consisting  of 
a  ball  and  socket,  of  an  inch  in  diameter,  they 
might  be  enabled,  in  an  instant  of  time,  with- 
out changing  their  place,  to  perceive  the  dis- 
position of  a  whole  army,  the  order  of  a  battle, 
the  figure  of  a  magnificent  palace,  or  all  the 
variety  of  a  landscape.  If  a  man  were  by 
feeling  to  find  out  the  figure  of  the  Peak  of 
Teneriffe,  or  even  of  St.  Peter's  Church  at 
Rome,  it  would  be  the  work  of  a  lifetime.  It 
would  appear  still  more  incredible  to  such 
beings  as  we  have  supposed,  if  they  were  in- 
fGrmeci  of  the  discoveries  which  may  be  made 
by  this  little  organ  in  things  far  beyond  the 
reach  of  any  other  sense,  that  by  means  of  it 
we  can  find  our  way  in  the  pathless  ocean ; 
that  we  can  traverse  the  globe  of  the  earth, 
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determine  its  figure  and  dimensions,  and  de- 
lineate every  region  of  it ;  yea,  that  we  cai.' 
measure  the  planetary  orbs,  and  make  dis- 
coveries in  the  sphere  of  the  fixed  stars.  And 
if  they  were  further  informed  that,  by  means 
of  this  same  organ,  we  can  perceive  the  tem- 
pers and  dispositions,  the  passions  and  affec- 
tions of  our  fellow-creatures,  even  when  they 
want  most  to  conceal  them ;  that  when  the 
tongue  is  taught  most  artfully  to  lie  and  dis- 
semble, the  hypocrisy  should  appear  in  the 
countenance  to  a  discerning  eye  ;  and  that 
by  this  organ  we  can  often  perceive  what  is 
straight  and  what  crooked  in  the  mind  as  well 
as  in  the  body,  would  it  not  appear  still  more 
astonishing  to  beings  such  as  we  have  now 
supposed  1* 

Notwithstanding  these  wonderful  properties 
of  the  organ  of  vision,  the  eye,  when  unassist- 
ed by  art,  is  comparatively  limited  in  the 
range  of  its  powers.  It  cannot  ascertain  the 
existence  of  certain  objects  at  the  distance  of 
three  or  four  miles,  nor  perceive  what  is  going 
forward  in  nature  or  art  beyond  such  a  limit. 
By  its  natural  powers  we  perceive  the  moon 
to  be  a  globe  about  half  a  degree  in  ditimetery 
and  diversified  with  two  or  three  dusky  spots, 
and  that  the  sun  is  a  luminous  body  of  appa- 
rently the  same  size ;  that  the  planets  are  lu- 
minous points,  and  that  about  a  thousand 
stars  exist  in  the  visible  canopy  of  the  sky. 
But  the  ten  thousandth  part  of  those  lumi- 
naries which  are  within  the  reach  of  huQian 
vision  can  never  be  seen  by  the  unassisted 
eye.  Here  the  telescope  interposes,  and 
adds  a  new  power  to  the  organ  of  vision,  by 
which  it  is  enabled  to  extend  its  views  to  re- 
gions of  space  immeasurably  distant,  and  to 
objects,  the  number  and  magnitude  of  which 
could  never  otherwise  have  been  surmised  by 
the  human  imagination.  By  its  aid  we  ob- 
tain a  sensible  demonstration  that  space  is 
boundless;  that  the  universe  is  replenished 
with  innumerable  suns  and  worlds ;  that  the 
remotest  regions  of  immensity,  immeasurably 
beyond  the  limits  of  unassisted  vision,  display 
the  energies  of  Creating  Power ;  and  that  the 
empire  of  the  Creator  extends  far  beyond 
what  eye  hath  seen  or  the  human  imagina- 
tion can  conceive. 

The  telescope  is  an  instrument  of  a  much 
more  wonderful  nature  than  what  most  people 
are  apt  to  imagine.  However  popular  such 
instruments  now  are,  and  however  common  a 
circumstance  it  is  to  contemplate  objects  at  a 
great  distance  which  the  naked  eye  cannot 
discern,  yet,  prior  to  their  invention  and  im- 
provement, it  would  have  appeared  a  thing 
most  mysterious,  if  not  impossible,  that  objects 
at  the  distance  of  ten  miles  could  be  made  to 
appear  as  if  within  a  few  yards  of  us,  and  that 

*  Reid's  Inquiry  into  the  Human  Mind,  chap.  iv. 
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some  of  the  heavenly  bodies  could  be  seen  as 
distinctly  as  if  we  had  been  transported  by 
some  superior  power  hundreds  of  millions  of 
miles  beyond  the  bounds  of  our  terrestrial  ha- 
bitation. Who  could  ever  have  imagined, 
reasoning  a  prio7^i,  that  the  refraction  of  light 
in  glass — the  same  power  by  which  a  straight 
rod  appears  crooked  in  water,  by  which  vision 
is  variously  distorted,  and  by  which  we  are 
liable  to  innumerable  deceptions — that  that 
same  power  or  law  of  nature,  by  the  operation 
of  which  the  objects  in  a  landscape  appear  dis- 
torted when  seen  through  certain  panes  of 
glass  in  our  windows,  that  that  power  should 
ever  be  so  modified  and  directed  as  to  extend 
the  boundaries  of  vision,  and  enable  us  clearly 
to  distinguish  scenes  and  objects  at  a  distance 
a  thousand  times  beyond  the  natural  limits  of 
our  visual  organs  1  Yet  such  are  the  disco- 
veries which  science  has  achieved,  such  the 
powers  it  has  brought  to  light,  that  by  glasses 
ground  into  different  forms,  and  properly 
adapted  to  each  other,  we  are  enabled,  as  it 
were,  to  contract  the  boundaries  of  space,  to 
penetrate  into  the  most  distant  regions,  and  to 
bring  within  the  reach  of  our  knowledge  the 
most  sublime  objects  in  the  universe. 

When  Pliny  declared  in  reference  to  Hip- 
parchus,  the  ancient  astronomer,  ^'■Ausus  rem 
Deo  improbam  anniirtierare  posteris  stellas^'' 
that  "he  dared  to  enumerate  the  stars  for 
posterity,  an  undertaking  forbidden  by  God," 
what  would  that  natural  historian  have  said 
had  it  been  foretold  that  in  less  than  1600 
years  afterward  a  man  would  arise  who  should 
enable  posterity  to  perceive  and  to  enumerate 
ten  times  more  new  stars  than  Hipparchus 
ever  beheld — who  should  point  out  higher 
mountains  on  the  moon  than  on  the  earth — 
who  should  discover  dark  spots  as  large  as  our 
globe  in  the  sun,  the  fountain  of  light — who 
should  descry  four  moons  revolving  in  differ- 
ent periods  of  time  around  the  planet  Jupiter, 
and  could  show  to  surrounding  senators  the 
varying  phases  of  Venus  1  and  that  another 
would  soon  after  arise  who  should  point  out  a 
double  ring  of  six  hundred  thousand  miles  in 
circumference  revolving  around  the  planet 
'Saturn,  and  ten  hundreds  of  thousands  of  stars 
which  neither  Hipparchus  nor  any  of  the  an- 
cient astronomers  could  ever  descry  %  Yet 
these  are  only  a  small  portion  of  the  discoveries 
made  by  Galileo  and  Herschel  by  means  of 
the  telescope.  Had  any  one  prophetically  in- 
formed Archimedes,  the  celebrated  geometri- 
cian of  Syracuse,  that  vision  would,  in  after 
ages,  be  thus  wonderfully  assisted  by  art; 
and,  further,  that  one  manner  of  improving 
vision  would  be  to  place  a  dark,  opaque  body 
directly  between  the  object  and  the  eye  ;  and 
that  another  method  would  be,  not  to  look  at 
the  object,  but  to  keep  the  eye  quite  in  a  di5- 
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ferent,  and  even  in  an  opposite  direction,  or 
to  stand  with  the  back  directly  opposed  to  it, 
and  to  behold  all  the  parts  of  it,  invisible  to 
the  naked  eye,  most  distinctly  in  this  way,  he 
would  doubtless  have  considered  the  prophet 
as  an  enthusiastic  fool  or  a  raving  madman. 
Yet  these  things  have  been  realized  in  modern 
times  in  the  fullest  extent.  In  the  Gregorian 
reflecting  telescope,  an  opaque  body,  namely, 
the  small  speculum  near  the  end  of  the  tube, 
interposes  directly  between  the  eye  and  the 
object.  In  the  Newtonian  reflector,  and  in 
the  diagonal  eyepieces  formerly  described,  the 
eye  is  directed  in  a  line  at  right  angles  to  the 
object,  or  a  deviation  of  90  degrees  from  the 
direct  line  of  vision.  In  Plerschel's  large  tele- 
scopes, and  in  the  Aerial  Rejiector  formerly 
described,  (in  p.  112-117,)  the  back  is  turned 
to  the  object,  and  the  eye  in  an  opposite  direc- 
tion. 

These  circumstances  should  teach  us  humi- 
lity and  a  becoming  difhdence  in  our  own 
powers ;  and  they  should  admonish  us  not  to 
be  too  dogmatical  or  peremptory  in  affirming 
what  is  possible  or  impossible  in  regard  either 
to  nature  or  art,  or  to  the  operations  of  the 
Bivine  Being.  Art  has  accomplished,  in  mo- 
dern times,  achievements  in  regard  to  locomo- 
tion, marine  and  aerial  navigation,  the  im- 
provement of  vision,  the  separation  and  com- 
binations of  invisible  gases,  and  numerous 
other  objects,  of  which  the  men  of  former  ages 
could  not  have  formed  the  least  conception ; 
and  even  yet  we  can  set  no  boundaries  to  the 
future  discoveries  of  science  and  the  improve- 
ments of  art,  but  have  every  reason  to  indulge 
the  hope  that,  in  the  ages  to  come,  scenes  of 
Divine  mechanism  in  the  system  of  nature  will 
be  unfolded,  and  the  effects  of  chemical  and 
mechanical  powers  displayed,  of  which  the 
human  mind,  in  its  present  state  of  progress, 
cannot  foriia  the  most  imperfect  idea.  Such 
circumstancpis  likewise  should  teach  us  not  to 
reject  any  intimations  which  have  been  made 
to  us  in  relation  to  the  character,  attributes, 
and  dispensations  of  the  Divine  Being,  and 
the  moral  revelations  of  his  will  given  in  the 
Sacred  Records,  because  we  are  unable  to 
comprehend  every  truth  and  to  remove  every 
difficulty  which  relates  to  the  moral  govern- 
ment of  the  Great  Ruler  of  the  universe ;  for 
if  we  meet  with  many  circumstances  in  secu- 
lar science,  and  even  in  the  common  opera- 
tions of  nature,  which  are  difficult  to  compre- 
hend— if  even  the  construction  of  such  tele- 
scopes as  we  now  use  would  have  appeared  an 
incomprehensible  mystery  to  ancient  philo- 
sophers, we  must  expect  to  find  difficulties 
almost  insurmountable  to  such  limited  minds 
as  ours  in  the  eternal  plans  and  moral  arrange- 
ments of  the  "  King  Immortal  and  Invisible," 
as  delineated  only  in  their  outlines  m  tlio 
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Sacred  Oracles,  particularly  those  which  re- 
late to  the  origin  of  physical  and  moral  evil, 
the  ultimate  destiny  of  man,  and  the  invisible 
realities  of  a  future  world. 

The  UTILITY  of  the  telescope  may  be  con- 
sidered in  relation  to  the  following  circum- 
stances : 

In  the  first  place,  it  may  be  considered  as 
an  instrument  or  machine  which  virtually 
transports  us  to  the  distant  regions  of  space. 
When  we  look  at  the  moon  through  a  tele- 
scope which  magnifies  200  times,  and  survey 
its  extensive  plains,  its  lofty  peaks,  its  circular 
ranges  of  mountains,  throwing  their  deep 
shadows  over  the  vales,  its  deep  and  rugged 
caverns,  and  all  the  other  varieties  which  ap- 
pear on  the  lunar  surface,  we  behold  such 
objects  in  the  same  manner  as  if  we  were 
standing  at  a  point  238,800  miles  from  the 
earth  in  the  direction  of  the  moon,  or  only 
twelve  hundred  miles  from  that  orb,  reckon- 
ing its  distance  to  be  240,000  miles.  When 
we  view  the  planet  Saturn  with  a  similar  in- 
strument, and  obtain  a  view  of  its  belts  and 
satellites,  and  its  magnificent  rings,  we  are 
transported,  as  it  were,  through  regions  of 
space  to  a  point  in  the  heavens  more  than 
nine  handred  millions  of  miles  from  the 
surface  of  our  globe,  and  contemplate  those 
august  objects  as  if  we  were  placed  within 
fivie  millions  of  miles  of  the  surface  of  that 
planet.*  Although  a  supernatural  power 
sufficient  to  carry  us  in  such  a  celestial 
journey  a  thousand  miles  every  day  were 
exerted,  it  would  require  more  than  two  thou- 
sand four  hundred  and  sixty  years  before  we 
could  arrive  at  such  a  distant  position  ;  yet  the 
telescope,  in  a  few  moments,  transports  our 
visual  powers  to  that  far  distant  point  of  space. 
When  we  view  with  such  an  instrument  the 
minute  and  very  distant  clusters  of  stars  in  the 
Milky  Way,  we  are  carried,  in  effect,  through 
the  regions  of  space  to  the  distance  of  Jive 
hundred  thousand  millions  of  miles  from  the 
earth  ;  for  we  behold  those  luminaries  through 
the  telescope  nearly  as  if  they  were  actually 
viewed  from  such  a  distant  point  in  the  spaces 
of  the  firmament.  These  stars  cannot  be 
conceived  as  less  tlian  a  hundred  hillions  of 
miles  from  our  globe,  and  the  instrument  we 
have  supposed  brings  them  within  the  two 

*  The  distance  of  Saturn  from  the  sun  is  906,- 
000,000_  of  miles;  it  is  sometimes  nearer  to,  and  at 
other  times  further  from  the  earth,  according  as  it 
is  near  the  point  of  its  opposition  to,  or  conjunc- 
tion with,  the  sun.  If  this  number  be  divided  by 
200,  the  supposed  magnifying  power  of  the  tele- 
scope, the  quotient  is"4,530,don,  which  expresses 
the  distance  in  miles  at  which  it  enables  us  to 
contemplate  this  planet.  If  this  number  be  sub- 
tracted from  906,000,000,  the  remainder  is  001,- 
470,000,  which  expresses  the  number  of  miles  from 
the  earth  at  which  we  are  supposed  to  view  Sa- 
mrn  with  such  asi  instrument. 
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hundredth  part  of  this  distance.  Supp<^0  w@ 
were  carried  forward  by  a  rapid  motion  to- 
wards  this  point  at  the  rate  of  a  thousand 
miles  every  hour,  it  would  require  more  than 
fifty-seven  thousand  years  before  we  could 
reach  that  very  distant  station  in  space  to 
which  the  telescope,  in  effect,  transports  us : 
so  that  this  instrument  is  far  more  efficient  in 
opening  to  our  view  the  scenes  of  the  universe, 
than  if  we  were  invested  with  powers  of  loco- 
motion to  carry  us  through  the  regions  of 
space  with  the  rapidity  of  a  cannon  ball  at  its 
utmost  velocity ;  and  all  the  while  we  may  sit 
at  ease  in  our  terrestrial  apartments. 

In  the  next  place,  the  telescope  has  been 
the  means  of  enlarging  our  views  of  the  sub" 
lime  scenes  of  creation  more  than  any  other 
instrument  which  art  has  contrived.  Before 
the  invention  of  this  instrument,  the  universe 
was  generally  conceived  as  circumscribed  with- 
in very  narrow  limits.  The  earth  was  consi- 
dered as  one  of  the  largest  bodies  in  crea- 
tion ;  the  planets  were  viewed  as  bodies  of  a 
far  less  size  than  what  they  are  now  found  to 
be ;  no  bodies  similar  to  our  moon  were  sus- 
pected as  revolving  around  any  of  them  ;  and 
the  stars  were  supposed  to  be  little  more  than 
a  number  of  brilliant  lamps  hung  up  to  emit 
a  few  glimmering  rays,  and  to  adorn  the 
canopy  of  our  earthly  habitation.  Such  a 
wonderful  phenomenon  as  the  ring  of  Saturn 
was  never  once  suspected,  and  the  sun  vv^as 
considered  as  only  a  large  ball  of  fire.  It  was 
suspected,  indeed,  that  the  moon  was  diversi- 
fied with  mountains  and  vales,  and  that  it 
might  possibly  be  a  habitable  world ;  but 
nothing  certainly  could  be  determined  on  this 
point,  on  account  ot  the  limited  nature  of  un- 
assisted vision.  But  the  telescope  has  been 
the  means  of  expanding  our  views  of  the  au- 
gust scenes  of  creation  to  an  almost  unlimited 
extent :  it  has  withdrawn  the  vail  which  for- 
merly interposed  to  intercept  our  view  of  the 
distant  glories  of  the  sky ;  it  has  brought  to 
light  five  new  planetary  bodies,  unknown  to 
former  astronomers,  one  of  which  is  more 
than  eight)^  times  larger  than  the  earth,  and 
seventeen  secondary  planets  which  revolve 
around  the  primary:  it  has  expanded  the 
dimensions  of  the  solar  system  to  double  the 
extent  which  was  formerly  supposed  :  it  hag 
enabled  us  to  descry  hundreds  of  comets  which 
would  otherwise  have  escaped  our  unassisted 
vision,  and  to  determine  some  of  their  trajec- 
tories and  periods  of  revolution :  it  has  ex- 
plored the  profundities  of  the  Milky  Way, 
and  enabled  us  to  perceive  hundreds  of  thou- 
sands  of  those  splendid  orbs,  where  scarcely 
one  is  visible  to  the  naked  eye ;  it  has  laid 
open  to  our  view  thousands  of  Nebula,  of 
various  descriptions,  dispersed  through  difTer- 
ent  regions  of  the  firmament,  many  of  theis 
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C-ontaining  thousands  of  separate  stars:  it  has 
directed  our  investigations  to  thousands  of 
double,  treble,  and  multiple  stars — suns  re- 
volving around  suns,  and  systems  around  sys- 
tems ;  and  has  enabled  us  to  determine  some 
of  the  periods  of  their  revolutions;  it  has 
demonstrated  the  immense  distances  of  the 
starry  orbs  from  our  globe,  and  their  conse- 
quent magnitudes,  since  it  shows  us  that, 
having  brought  them  nearer  to  our  view  by 
several  hundreds  or  thousands  of  times,  they 
still  appear  only  as  so  many  shining  points : 
it  has  enabled  us  to  perceive  that  mighty 
changes  are  going  forward  throughout  the 
regions  of  immensity — new  stars  appearing, 
and  others  removed  from  our  view,  and  mo- 
tions of  incomprehensible  velocity  carrying 
forward  those  magnificent  orbs  through  the 
spaces  of  the  firmanent:  in  short,  it  has 
opened  a  vista  to  regions  of  space  so  immea- 
surably distant,  that  a  cannon  ball  impelled 
with  its  greatest  velocity  would  not  reach 
tracts  of  creation  so  remote  in  two  thousand 
millions  of  years ;  and  even  light  itself,  the 
swiftest  body  in  nature,  would  require  more 
than  a  thousand  years  before  it  could  traverse 
this  mighty  interval.  It  has  thus  laid  a  foun- 
dation for  our  acquiring  an  approximate  idea 
of  the  infinity  of  space,  and  for  obtaining  a 
glimpse  of  the  far  distant  scenes  of  creation, 
and  the  immense  extent  of  the  universe. 

Again,  the  telescope,  in  consequence  of  the 
discoveries  it  has  enabled  us  to  make,  has 
tended  to  amplify  oitr  conceptions  of  the  attri- 
butes and  the  empire  of  the  Deity.  The 
amplitude  of  our  conceptions  of  the  Divine 
Being  bears  a  certain  proportion  to  the  expan- 
sion of  our  views  in  regard  to  his  works  of 
creation,  and  the  operations  he  is  incessantly 
carrying  forward  throughout  the  universe.  If 
our  views  of  the  works  of  God,  and  of  the 
manifestations  he  has  given  of  himself  to  his 
intelligent  creatures,  be  circumscribed  to  a 
narrow  sphere,  as  to  a  parish,  a  province,  a 
kingdom,  or  a  single  world,  our  conceptions 
of  that  Great  Being  will  be  proportionably 
limited ;  for  it  is  chiefly  from  the  manifesta- 
tion of  Gcd  in  the  m.aterial  creation  that  our 
ideas  of  his  power,  his  wisdom,  and  his  other 
natural  attributes  are  derived.  But  in  pro- 
portion to  the  ample  range  or  prospect  we  are 
enabled  to  take  of  the  operations  of  the  Most 
High,  will  be  our  conceptions  of  his  character, 
attributes,  and  agency.  Now  the  telescope, 
more  than  any  other  invention  of  man,  has 
Icnded  to  open  to  our  view  the  most  ma^nifi- 
ceut  and  extensive  prospects  of  the  works  of 
God ;  it  has  led  us  to  ascertain  that,  within 
the  limits  of  the  solar  system,  there  are 
bodies  which,  taken  together,  comprise  a 
mass  of  matter  nearly  two  thousand  five 
hundred  times  greater  than  that  of  the  earth ; 


that  these  bodies  are  all  constitited  and  a? 
ranged  in  such  a  manner  as  to  fit  them  for 
being  habitable  worlds ;  and  that  the  sun,  the 
centre  of  this  system,  is  five  hundred  times 
larger  than  the  whole.  But,  far  beyond  the 
limits  of  this  system,  it  has  presented  to  our 
view  a  universe  beyond  the  grasp  of  finite  in- 
telligences, and  to  which  human  imagination 
can  assign  no  boundaries  :  it  has  enabled  us 
to  descry  suns  clustering  behind  suns,  rising 
to  view  in  boundless  perspective,  in  proportion 
to  the  extent  of  its  magnifying  and  illuminating 
powers,  the  numbers  of  which  are  to  be  esti- 
mated, not  merely  by  thousands,  and  tens  of 
thousands,  and  hundreds  of  thousands,  but  by 
scores  of  millions,'  leaving  us  no  room  to 
doubt  that  hundreds  of  millions  more  beyond 
the  utmost  limits  of  human  vision,  even  when 
assisted  by  art,  lie  hid  from  mortal  view  in  the 
unexplored  and  unexplorable  regions  of  im- 
mensity. 

Here,  then,  we  are  presented  with  a  scene 
which  gives  us  a  display  of  Omnipotent 
Power  which  no  other  objects  can  unfold, 
and  which,  without  the  aid  of  the  telescope, 
we  should  never  have  beheld ;  a  scene  which 
expands  our  conceptions  of  the  Divine  Being 
to  an  extent  which  the  men  of  former  genera- 
tions could  never  have  anticipated ;  a  scene 
which  enables  us  to  form  an  approximate  idea 
of  Him  who  is  the  "  King  Eternal,  Immortal, 
and  Invisible,"  who  "  created  all  worlds,  and 
for  whose  pleasure  they  are  and  were  cre- 
ated." Here  we  behold  the  operations  of  a 
Being  whose  power  is  illimitable  and  uncon- 
trollable, and  which  far  transcends  the  com- 
prehension of  the  highest  created  intelligences ; 
a  power,  displayed  not  only  in  the  vast  exten- 
sion of  material  existence,  and  the  countless 
number  of  mighty  globes  which  the  universe 
contains,  but  in  the  astonishingly  rapid  mo- 
tions with  which  myriads  of  them  are  carried 
along  through  the  immeasurable  spaces  of  cre- 
ation, some  of  those  magnificent  orbs  moving 
with  a  velocity  of  one  hundred  and  seventy 
thousand  miles  an  hour.  Here,  likewise,  we 
have  a  display  of  the  infinite  wisdom  and  in- 
telligence of  the  Divine  Mind,  in  the  harmony 
and  order  with  which  all  the  mighty  move- 
ments of  the  universe  are  conducted ;  in  pro- 
portionating the  magnitudes,  motions,  and 
distances  of  the  planetary  worlds  ;  in  the  nice 
adjustment  of  the  projectile  velocity  to  the 
attractive  power ;  in  the  constant  proportion 
between  the  times  of  the  periodical  revolution 
of  the  planets  and  the  cubes  of  their  mean 
distances;  in  the  distances  of  the  several 
planets  from  the  central  body  of  the  system, 
compared  with  their  respective  densities  ,•  and 
in  the  constancy  and  regularity  of  their  mo- 
tions, and  the  exactness  with  which  they  ac- 
complish  their   destinet^    rounds — all   which 
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ciicumfitances  evidently  show  that  He  who 
contrived  the  universe  is  "  the  only  wise  God," 
who  is  "wonderful  in  counsel  and  excellent 
in  working."  Here,  in  fine,  is  a  display  of 
boundless  benevolence ,-  for  we  cannot  sup- 
pose, for  a  moment,  that  so  many  myriads  of 
magnificent  globes,  fitted  to  be  the  centres  of 
a  countless  number  of  mighty  worlds,  should 
be  nothing  else  than  barren  wastes,  without 
the  least  relation  to  intelligent  existence ;  and 
if  they  are  peopled  with  intellectual  beings 
of  various  orders,  how  vast  must  be  their  num- 
bers, and  how  overflowing  that  Divine  Benefi- 
cence which  has  provided  for  them  all  every 
thing  requisite  to  their  existence  and  happiness. 

In  these  discoveries  of  the  telescope  we  ob- 
tain a  glimpse  of  the  grandeur  and  the  unlim- 
ited extent  of  God's  universal  empire.  To 
this  empire  no  boundaries  can  be  perceived. 
The  larger  and  the  more  powerful  our  tele- 
scopes are,  the  further  are  we  enabled  to  pe- 
netrate into  those  distant  and  unknown 
regions ;  and  however  far  we  penetrate  into 
the  abyss  of  space,  new  objects  of  wonder  and 
magnificence  still  continue  rising  to  our  view, 
affording  the  strongest  presumption  that,  were 
we  to  penetrate  ten  thousand  times  further 
into  those  remote  spaces  of  immensity,  new 
suns,  and  systems,  and  worlds  would  be  dis- 
closed to  our  view.  Over  all  this  vast  assem- 
blage of  material  existence,  and  over  all  the 
sensitive  and  intellectual  beings  it  contains, 
God  eternally  and  unchangeably  presides; 
and  the  minutest  movements,  either  of  the 
physical  or  the  intelligent  system,  throughout 
every  department  of  those  vast  dominions,  are 
at  every  moment  "  naked  and  open"  to  his 
omniscient  eye.  What  boundless  intelligence 
is  implied  in  the  superintendence  and  arrange- 
ment of  the  affairs  of  such  an  unlimited  em- 
pire! and  what  a  lofty  and  expansive  idea 
does  it  convey  of  Him  who  sits  on  the  throne 
of  Universal  Nature,  and  whose  greatness  is 
unseal chable  !  But  without  the  aid  of  the 
telescopic  tube  we  could  not  have  formed  such 
ample  conceptions  of  the  greatness,  either  of 
the  Eternal  Creator  himself,  or  of  the  universe 
which  he  hath  brought  into  existence. 

Besides  the  above,  the  following  uses  of  the 
telescope,  in  relation  to  science  and  common 
life,  may  be  shortly  noticed ; 

In  the  business  of  astronomy,  scarcely  any 
tiling  can  be  done  with  accuracy  without  the 
assistance  of  the  telescope.  1.  It  enables  the 
astronomer  to  determine  with  precision  the 
transits  of  the  planets  and  stars  across  the 
meridian ;  and  on  the  accuracy  with  which 
these  transits  are  obtained,  a  variety  of  im- 
portant conclusions  and  calculations  depend. 
The  computation  of  astronomical  and  nautical 
tables  for  aiding  the  navigator  in  his  voyages 
round  the  globe,  and  facilitating  his  calcula- 
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tions  of  latitude  and  longitude,  is  derived  from 
observations  made  by  the  telescope,  without 
the  use  of  which  instrument  they  cannot  be 
made  with  precision.  2.  The  apparent  dia* 
meters  of  the  planets  can  only  be  measured 
by  means  of  this  instrument,  furnished  with 
a  micrometer.  By  the  naked  eye  no  accurate 
measurements  of  the  diameters  of  these  bodies 
can  be  taken ;  and  without  knowing  their  ap- 
parent diameters  in  minutes  or  seconds,  their 
real  bulk  cannot  be  determmed,  even  although 
their  exact  distances  be  known.  The  differ- 
ences, too,  between  the  polar  and  equatorial 
diameters  cannot  be  ascertained  without  ob- 
servations made  by  powerful  telescopes.  For 
example,  the  equatorial  diameter  of  Jupiter  is 
found  to  be  in  proportion  to  the  polar  as  14 
to  13,  that  is,  the  equatorial  is  more  than 
6000  miles  longer  than  the  polar  diameter, 
which  could  never  have  been  determined  by 
observations  made  by  the  naked  eye.  3.  The 
parallaxes  of  the  heavenly  bodies  can  only 
be  accurately  ascertained  by  the  telescope; 
and  it  is  only  from  the  knowledge  of  their 
parallaxes  that  their  distances  from  the  earth 
or  from  the  sun  can  be  determined.  In  the 
case  of  the  fixed  stars,  nothing  of  the  nature 
of  a  parallax  could  ever  be  expected  to  be 
found  without  the  aid  of  a  telescope.  It  was 
by  searching  for  the  parallax  of  a  certain  fixed 
star  that  the  important  fact  of  the  Aberration 
of  Light  was  discovered.  The  observationsi 
for  this  purpose  were  made  by  means  of  a 
telescope  34  feet  long,  fixed  in  a  certain  posi 
tion.  4.  The  motions  and  revolutionary  pe 
riods  of  Sidereal  Si/stems  can  only  be  deter 
mined  by  observations  made  by  telescopes  of 
great  magnifying  and  illuminating  powers. 
Without  a  telescope  the  small  stars  which 
accompany  double  or  treble  stars  cannot  be 
perceived,  and  much  less  their  motions  or  va- 
riation of  their  relative  positions.  Before  the 
invention  of  the  telescope,  such  phenomena, 
now  deemed  so  wonderful  and  interesting, 
could  never  have  been  surmised.  5.  The  ac- 
curate determination  of  the  longitude  of  places 
on  the  earth's  surface  is  ascertained  by  the 
telescope,  by  observing  with  this  instrument 
the  immersions  and  emersions  of  the  satellites 
of  Jupiter.  From  such  observations,  with 
the  aid  of  a  chronometer,  and  having  the  time 
at  any  knoAvn  place,  the  situation  of  any  un- 
known place  is  easily  determined.  But  the 
eclipses  of  Jupiter's  moons  can  be  perceived 
only  by  telescopic  instruments  of  considerable 
power.  6.  By  means  of  a  telescope  with 
cross  hairs  in  the  focus  of  the  eyeglass,  and 
attached  to  a  quadrant,  the  altitude  of  the  sun 
or  of  a  star,  particularly  the  pole  star,  may  be 
most  accurately  taken,  and  from  such  obser- 
vations the  latitude  of  the  place  may  be 
readily  and  accurately  deduced. 
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Again,  in  the  Surveying  of  Land,  the 
telescope  is  particularly  useful ;  and  for  this 
purpose  it  is  mounted  on  a  stand  with  a  hori- 
Eoritai  and  vertical  motion,  pointing  out  hy 
divisions  the  degrees  and  minutes  of  inclina- 
tion of  the  instrument.  For  the  more  accu- 
rate reading  of  these  divisions,  the  two  hmbs 
are  furnished  with  a  nonius,  or  Yerniert^'^s 
Scale.  The  object  here  is  to  take  the  angular 
distances  between  distant  objects  on  a  plane 
truly  horizontal,  or  else  the  angular  elevation 
or  depression  of  objects  above  or  below  the 
plane  of  the  horizon.  In  order  to  obtain 
either  of  those  kinds  of  angles  to  a  requisite 
degree  of  exactness,  it  is  necessary  that  the 
surveyor  should  have  as  clear  and  distinct  a 
view  as  possible  of  the  objects,  or  station- 
staves,  which  he  fixes  up  for  his  purpose,  that 
he  may  with  the  greater  certainty  determine 
the  point  of  the  object  which  exactly  corres- 
ponds with  the  line  he  is  taking.  Now,  as 
such  objects  are  generally  at  too  great  a  dis- 
tance for  the  surveyor  to  be  able  to  distinguish 
with  the  naked  eye,  he  takes  the  assistance 
of  the  telescope,  by  which  he  obtains,  1,  a 
distinct  view  of  the  object  to  which  his  atten- 
tion is  directed,  and,  2,  he  is  enabled  to  de- 
termine the  precise  point  of  the  object  aimed 
at  by  means  of  the  cross  hairs  in  the  focus  of 
the  eyeglass.  A  telescope  mounted  for  this 
purpose  is  called  a  Theodolite,  which  is  derived 
from  two  Greek  words,  ^f  o^uoit,  to  see,  and  oho^, 
the  way  or  distance. 

In  the  next  place,  the  telescope  is  an  in- 
strument of  special  importance  in  the  conduct- 
ing of  Telegraphs,  and  in  the  conveyance  of 
signals  of  all  descriptions.  Without  its  as- 
sistance telegraphic  despatches  could  not  be 
conveyed  with  accuracy  to  any  considerable 
distance,  nor  in  quadruple  the  time  in  which 
they  are  now  communicated,  and  the  different 
stations  would  need  to  be  exceedingly  nume- 
rous; but,  by  the  assistance  of  the  telescope, 
information  may  be  communicated,  by  a  series 
of  telegraphs,  with  great  rapidity.  Twenty- 
seven  telegraphs  convey  information  from 
Paris  to  Calais,  a  distance  of  160  miles,  in 
three  minutes;  twenty-two  from  Paris  to 
Lisle  in  two  minutes ;  forty-six  from  Strasburg 
to  Paris  in  four  and  a  half  minutes;  and 
eighty  from  Paris  to  Brest  in  ten  minutes. 
In  many  other  cases  which  occur  both  on  land 
and  sea,  the  telescope  is  essentially  requisite 
for  descrying  signals.  The  Bell-Rock  Light- 
house, for  example,  is  situated  twelve  miles 
from  Arbroath,  and  from  every  other  portion 
of  land,  so  that  the  naked  eye  could  not  dis- 
cern any  signal  which  the  keepers  of  that 
light  could  have  it  in  their  power  to  make ; 
but  by  means  of  a  large  telescope  in  the  sta- 
tion-iiouse  in  Arbroath,  the  hoisting  of  a  ball 
every    morninjr  at  9  a.m.,  which    indicates 


that  "  All  is  well,"  may  be  distinctly  recog« 
nized. 

Many  other  uses  of  this  instrument,  in  the 
ordinary  transactions  of  life,  will  readily  occur 
to  the  reader,  and  therefore  I  shall  only  men 
tion  the  following  purpose  to  which  it  may  be 
applied,  namely, 

To  measure  the  Distance  of  an  Object 
from  one  Station. — This  depends  upon  the 
increase  of  the  focal  distance  of  the  telescope 
in  the  case  of  near  objects.  Look  through  a 
telescope  at  the  object  whose  distance  is  iC" 
quired,  and  adjust  the  focus  till  it  appear  quite 
distinct;  then  slide  in  the  drawer  till  the  ob- 
ject begins  to  be  obscure,  and  mark  that  place 
of  the  tube  precisely  ;  next  draw  out  the  tube 
till  the  object  begins  to  be  again  obscured,  and 
then  make  another  mark  as  before  ;  then  take 
the  middle  point  between  these  two  marks, 
and  that  will  be  the  point  where  the  image 
of  the  object  is  formed  most  distinctly,  which 
is  to  be  nicely  measured  from  the  object-lens, 
and  compared  with  the  solar  focus  of  the  lens 
or  telescope,  so  as  to  ascertain 'their  difference. 
And  the  rule  for  finding  the  distance  is,  as 
the  difference  between  the  focal  distance  of 
the  object  and  the  solar  focal  distance  is  to 
the  solar  focal  distance,  so  is  the  focal  distance 
of  the  object  to  its  true  distance  from  the  ob- 
ject-lens. An  example  will  render  this  mat- 
ter more  perspicuous : 

Fig.  84. 


Let  A  B  (fig.  84)  be  the  object-lens,  E  Y 
the  eyeglass,  F  C  the  radius,  or  focus  of  the 
lens  A  B,  and  C  f  the  focal  distance  of  the 
object  0  B,  whose  distance  is  to  be  measured. 
Now  suppose  C  i^=48  inches,  or  four  feet, 
and  that  we  find  by  the  above  method  that 
C  f'ls  50  inches, then  Ffis  two  inches;  and 
the  analogy  is,  as  F  f=^2  is  to  C  F=48,  so 
is  C/=50  to  C  Q  =  1200  inches,  or  100 
feet.  Again,  suppose  C/-=49  inches,  then 
will  F f=l  inch;  and  the  proportion  is, 
1  :  48  : :  49  :  2352^Q  C,  or  196  feet.  A 
telescope  of  this  focal  length,  however,  will 
measure  only  small  distances.  But  suppose 
A  B  Si  lens  whose  solar  focus  is  12  feet,  or 
144  inches,  and  that  we  find  by  the  above 
method  that  C  f  or  the  focal  distance  of  the 
object,  is  146  inches,  then  will  F  f  he  two 
inches,  and  the  proportion  will  be  as  2  :  144  ;  .* 
146:21024  inches,  or  1752  feet  =  the  dis- 
tance Q  C.  If  with  such  a  large  telescope 
we  view  an  object  0  B,  and  find  Ff  but 
jLth  of  an  inch,  this  will  give  the  distance  of 
the  object  as  17,292  feet,  Tsr  nearly  3fd 
miles. 
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Since  the  difference  between  the  radius  of 
the  object-lens  and  the  focal  distance  of  the 
objeci  is  so  considerable  as  two  inches  in  a 
tube  of  four  feet,  and  more  than  twelve  inches 
in  one  of  twelve  feet,  a  method  might  be  con- 
trived for  determining  the  distance  of  near 
objects  by  the  former,  and  more  distant  ob- 
jects by  the  latter,  by  inspection  only.  This 
may  be  done  by  adjusting  or  drawing  a  spiral 
line  round  the  drawer  or  tube  through  the 


two-inch  space  in  the  small  telescope,  and  hf 
calculation  graduate  it  for  every  100  feet  arid 
the  intermediate  inches,  and  then,  at  the 
same  time  we  view  an  object,  we  may  see 
its  distance  on  the  tube.  In  making  such 
experiments,  a  common  object-glass  of  a 
long  focal  length,  and  a  single  eyeglass,  are 
all  that  is  requisite,  since  the  inverted  ap« 
pearance  of  the  object  can  cause  no  great  in« 
convenience. 


CHAPTER  VII. 

On  the  Method  of  Grinding  and  Polishing  Optical  Lenses  and  Specula, 


I  ORiGixALLT  intended  to  enter  into  par- 
ticular details  on  this  subject  for  the  purpose 
of  gratifying  those  mechanics  and  others  who 
wish  to  amuse  themselves  by  constructing 
telescopes  and  other  optical  instruments  for 
their  own  use ;  but,  having  dwelt  so  long  on 
the  subject  of  telescopes  in  the  preceding  pages, 
I  am  constrained  to  confine  myself  to  a  very 
general  sketch. 

1.  To  grind  and  polish  Lenses  for  Eye- 
glasses, Microscopes,  Sfc. — First  provide  an  up- 
right spindle,  at  the  bottom  of  which  a  pulley 
is  fixed,  which  must  be  turned  by  a  wheel  by 
means  of  a  cord  and  handle.  At  the  top  of 
the  spindle  make  a  screw  the  same  as  a  lathe- 
spindle,  on  which  you  may  screw  chocks  of 
different  sizes,  to  which  the  brass  tool  in  which 
the  lens  is  to  be  ground  may  be  fixed.  Having 
fixed  upon  ^he  breadth  and  focal  length  of  the 
lens,  and  whether  it  is  to  be  a  piano  or  a 
double  convex,  take  a  piece  of  tin-plate  or 
sheet  copper,  and  with  a  pair  of  compasses 
draw  an  arch  upon  its  surface,  near  one  of 
its  extremities,  with  a  radius  equal  to  the 
focal  distance  of  the  lens  if  intended  to  be 
double  convex,  or  with  half  that  distance  if  it 
is  to  be  plano-convex.  Remove  with  a  file 
that  part  of  the  copper  which  is  without  the 
circular  arch,  and  then  a  convex  gauge  is 
formed.  With  the  same  radius  strike  another 
arch,  and  having  removed  that  part  of  the 
copper  which  is  ivithin  it,  a  co7icave  gauge 
will  be  obtained.  The  brass  tool  in  which 
the  glass  is  to  be  ground  is  then  to  be  fixed 
upon  a  turning-lathe,  and  turned  into  a  por- 
tion of  a  concave  sphere,  so  as  to  correspond 
to  the  convex  gauge.  In  order  to  obtain  an 
accurate  figure  to  the  concave  tool,  a  convex 
tool  of  exactly  the  same  radius  is  generally 
formed,  and  they  are  ground  one  upon  another 
with  flour  of  emery,  and  when  they  exactly 
coincide  they  are  fit  for  use.  The  convex 
looi  will  serve  for  grinding  concave  glasses  of 
tiie  same  radius;  and  it  should  be  occasion- 
(870) 


ally  ground  in  the  concave  tool  to  prevent  it 
from  altering  its  figure. 

The  next  thing  to  be  attended  to  is  to  pre- 
pare  the  piece  of  glass  which  is  to  be  ground, 
by  chipping  it  in  a  circular  shape  by  means 
of  a  large  pair  of  scissors,  and  removing  the 
roughness  from  its  edges  by  a  common  grind- 
stone. The  faces  of  the  glass  near  the  edges 
should  likewise  be  ground  on  the  grindstone 
till  they  nearly  fit  the  concave  gauge,  by 
which  the  labour  of  grinding  in  the  tool  will 
be  considerably  saved.  The  next  thing  re- 
quired ife  to  prepare  the  emery  for  grinding, 
which  is  done  in  the  following  manner :  Pro- 
vide four  or  five  clean  earthen  vessels :  fill 
one  of  them  with  water,  and  put  into  it  a 
pound  or  half  a  pound  of  fine  emery,  and  stir 
it  about  with  a  stick ;  after  which,  let  it  stand 
three  or  four  seconds,  and  then  pour  it  into 
another  vessel,  which  may  stand  about  ten 
seconds:  then  pour  it  off  again  into  the 
several  vessels  till  the  water  is  quite  clear,  and 
by  this  means  emery  of  different  degrees  of 
fineness  is  obtained,  which  must  be  kept  sepa- 
rate from  each  other,  and  worked  in  their 
proper  order,  beginning  at  the  first,  and 
working  off  all  the  marks  of  the  grindstone  ; 
then  take  of  the  second,  next  of  the  third,  &c., 
holding  the  glass  upon  the  pan  or  tool  with  a 
light  hand  when  it  comes  to  be  nearly  fit  for 
polishing.  The  glass,  in  this  operation,  should 
be  cemented  to  a  wooden  handle  by  means 
of  pitch  or  other  strong  cemeiit.  After  the 
finest  emery  has  been  used,  the  roughness 
which  remains  may  be  taken  away,  and  a 
slight  polish  given,  by  grinding  the  glass  with 
pounded  pumice-stone.  Before  proceeding  to 
the  polishing,  the  glass  should  be  ground  as 
smooth  as  possible,  and  ail  the  scratches 
erased,  otherwise  the  polishing  will  become  a 
tedious  process.  The  polishing  is  performed 
as  follows :  Tie  a  piece  of  linen  rag  or  fine 
cloth  about  the  tool,  and  with  fine  putty  (cal- 
cined tin)  or  colcothar  of  vitriol  (a  very  fino 
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powder,  sometimes  called  the  red  oxide  of 
iron,)  moistened  with  water,  continue  the 
grinding  motion,  and  in  a  short  time  there 
will  he  an  excellent  polish. 

In  order  to  grind  lenses  very  accurately  for 
the  finest  optical  purposes,  particularly  object- 
glasses  for  telescopes,  the  concave  tool  is 
firmly  fixed  to  a  table  or  bench,  and  the  glass 
wrought  upon  it  by  the  hand  with  circular 
strokes,  so  that  its  centre  may  never  go  be- 
yond the  edges  of  the  tool.  For  every  six  or 
seven  circular  strokes,  the  glass  should  re- 
ceive two  or  three  cross  ones  along  the  di- 
ameter of  the  tool,  and  in  different  directions ; 
and,  while  the  operation  is  going  on,  the  con- 
vex tool  should,  at  the  end  of  five  minutes,  be 
wrought  upon  the  concave  one  for  a  few 
seconds,  in  order  to  preserve  the  same  curva- 
ture to  the  tools  and  to  the  glass.  The  finest 
polish  is  generally  given  in  the  following  way  : 
Cover  the  concave  tool  with  a  layer  of  pitch, 
hardened  by  the  addition  of  a  little  rosin,  to 
the  thickness  of  y'^th  of  an  inch ;  then,  having 
taken  a  piece  of  thin  writing  paper,  press  it 
upon  the  surface  of  the  pitch  with  the  convex 
tool,  and  pull  the  paper  quickly  from  the  pitch 
before  it  has  adhered  to  it ;  and  if  the  surface 
of  the  pitch  is  marked  every  where  with  the 
lines  of  the  paper,  it  will  be  truly  spherical. 
If  any  paper  remains  on  the  surface  of  the 
pitch,  it  may  be  rubbed  off  by  soap  and  water; 
and  if  the  marks  of  the  paper  should  not  ap- 
pear on  any  part  of  it,  the  operation  must  be 
repeated  till  the  pohsher  or  bed  of  pitch  is  ac- 
curately spherical.  The  glass  is  then  to  be 
wrought  on  the  polisher  by  circular  and  cross 
strokes  v/ith  the  putty  or  colcothar  till  it  has 
received  a  complete  polish.  When  one  side 
is  finished,  the  glass  must  be  separated  from 
its  handle  by  inserting  the  point  of  a  knife 
between  it  and  the  pitch,  and  giving  it  a  gentle 
stroke.  The  pitch  which  remains  upon  the 
glass  may  be  removed  by  rubbing  it  with  a 
little  oil,  or  spirits  of  wine.  The  operation 
of  polishing  on  cloth  is  slower,  and  the  polish 
less  perfect  than  on  pitch;  but  it  is  a  mode 
best  fitted  for  those  who  have  little  experi- 
ence, and  who  would  be  apt,  in  the  first  in- 
stance, to  injure  the  figure  of  the  lens  by 
polishing  it  on  a  bed  of  pitch. 

2.  On  the  Method  of  casting  and  grinding 
the  Specula  of  Reflecting  Telescopes. — The 
first  thing  to  be  considered  in  the  formation 
of  reflecting  telescopes  is  the  composition  of 
the  metal  of  which  the  specula  are  made. 
The  qualities  required  are,  a  sound,  uniform 
metal,  free  from  all  microscopic  pore  -not 
liable  to  tarnish  by  absorption  of  moistuve  from 
the  atmosphere— not  so  hard  as  to  be  mcapa- 
ble  of  taking  a  good  figure  and  poliF--n,  nor  so 
soft  as  to  be  easily  scratched,  and  possessing 
a  high  reflecting  power.     Vario  .s  composi- 


tions have  been  used  for  this  purpose,  of  which 
the  following  are  specimens :  Take  of  good 
Swedish  copper  32  ounces,  and  when  melted, 
add  14^  ounces  of  grain  tin  to  it ;  then,  having 
taken  off  the  scoria,  cast  it  into  an  ingot.  This 
metal  must  be  a  second  time  melted  to  cast  a 
speculum ;  but  it  will  fuse  in  this  "ompound 
state  with  a  small  heat,  and  therefore  will  not 
calcine  the  tin  to  putty.  It  should  be  poured 
off  as  soon  as  it  is  melted,  giving  it  no  more 
heat  than  is  absolutely  necessary.  The  best 
method  for  giving  the  melted  metal  a  good 
surface  is  this  :  the  moment  before  it  is  poured 
off,  throw  into  the  crucible  a  spoonful  of  char- 
coal-dust ;  immediately  after  which,  the  metal 
must  be  stirred  with  a  wooden  spatula  and 
poured  into  the  moulds.  The  following  is 
another  composition  somewhat  similar :  Take 
two  parts  of  copper  as  pure  as  it  is  possible  to 
procure  :  this  must  be  melted  in  a  crucible  by 
itself;  then  put,  in  another  crucible,  one  part 
of  pure  grain  tin  :  when  they  are  both  melted, 
mix  and  stir  them  with  a  wooden  spatula, 
keeping  a  good  flux  on  the  melted  surface  to 
prevent  oxidation,  and  then  pour  the  metal 
quickly  into  the  moulds,  which  may  be  made 
of  founder's  loam. 

The  composition  suggested,  more  than  half 
a  century  ago,  by  the  Rev.  Mr.  Edwards,  has 
often  been  referred  to  with  pecuhar  approba- 
tion. This  gentleman  took  a  great  deal  of 
pains  to  discover  the  best  composition,  and  to 
give  his  metals  a  fine  polish  and  the  true 
parabohcal  figure.  His  telescopes  were  tried 
by  Dr.  Maskelyne,  the  astronomer  royal,  who 
found  them  greatly  to  excel  in  brightness,  and 
to  equal  in  other  respects  those  made  by  the 
best  artists.  They  showed  a  white  object  per- 
fectly white,  and  all  objects  of  th^ir  proper 
colour.  He  found,  after  trying  va..  com- 
binations, the  follovnng  to  be  the  best,  \mniGi.y, 
32  ounces  of  copper,  with  15  or  16  ounces  of 
grain  tin  (according  to  the  purity  of  the  cop- 
per,) with  the  addition  of  one  ounce  of  brass, 
one  of  silver,  and  one  ounce  of  arsenic.  This, 
he  affirms,  will  form  a  metal  capable,  when 
polished  in  a  proper  manner,  of  reflecting 
more  light  than  any  other  metal  yet  made 
public. 

The  Rev.  .1.  Little,  in  his  observations  o-n 
this  subject  in  the  "  Iriih  Transactions,"  pro- 
poses the  following  composition,  which  he 
found  to  answer  the  purpose  better  than  any 
he  had  tried,  namely,  32  parts  of  best  bar  cop- 
per, previously  fluxed  with  the  black  flux  of  two 
parts  tartar  and  one  of  nitre,  four  parts  of  brass, 
1 6  parts  of  tin,  and  1^  of  arsenic.  If  the  metal  be 
granulated,  by  pouring  it,  when  first  melted,  into 
water,  and  then  fused  a  second  time,  it  will 
be  less  porous  than  at  first.  In  this  process, 
the  chief  object  is  to  hit  on  the  exact  point  of 
the  saturation  of  the  copper,  &c.,  by  the  tin  i 
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for  if  the  lattei  be  added  in  too  great  quantity, 
the  metal  will  be  dull  coloured  and  soft ;  if 
too  little,  it  will  not  attain  the  most  perfect 
whiteness,  and  will  certainly  tarnish.* 

When  the  metal  is  cast,  and  prepared  by 
the  common  grindstone  for  receiving  its  pro- 
per figure,  the  gauges  and  grinding-tools  are 
to  be  formed  in  the  same  manner  as  formerly 
described  for  lenses,  with  this  difference,  that 
the  radius  of  the  gauges  must  always  be  double 
the  focal  length  of  the  speculum,  as  the  focus 
of  parallel  rays  by  reflection  is  at  one  half  the 
radius  of  concavity.  In  addition  to  the  con- 
cave and  convex  tools,  which  should  be  only 
a  little  broader  than  the  metal  itself,  a  convex 
elliptical  tool  of  load  and  tin  should  be  formed 
with  the  same  radius,  so  that  its  transverse 
should  be  to  its  conjugate  diameter  as  10  to 
9,  the  latter  being  exactly  equal  to  the  diame- 
ter of  the  metal.  The  grinding  of  the  specu- 
lum is  then  to  be  commenced  on  this  tool 
with  coarse  emery  powder  and  water,  when 
the  roughness  is  taken  off  by  moving  the 
speculum  across  the  tool  in  different  direc- 
tions, walking  round  the  post  on  which  the 
tool  is  fixed,  holding  the  speculum  by  the 
wooden  handle  to  which  it  is  cemented ;  it  is 
then  to  be  wrought  with  great  care  on  the 
convex  brass  tool,  with  circular  and  cross 
strokes,  and  with  emery  of  different  degrees — 
the  concave  tool  being  sometimes  ground  upon 
the  convex  one,  to  keep  them  all  of  the  same 
radius — and  when  every  scratch  is  removed 
from  its  surface,,  it  will  be  fit  for  receiving  the 
final  polish. 

When  the  metal  is  ready  for  polishing,  the 
elliptical  tool  is  to  be  covered  with  black  pitch 
about  jJ^th  of  an  inch  thick,  and  the  polisher 
formed  in  the  same  way  as  in  the  case  of 
lense?  _/dr  with  the  concave  brass  tool  or 
vitii  tne  metal  itself.  The  colcothar  of  vitriol 
should  then  be  triturated  between  two  sur- 
faces of  glass,  and  a  considerable  quantity  of 
it  applied  at  first  to  the  surface  of  the  polisher. 
The  speculum  is  then  to  be  wrought  in  the 
usual  way  upon  the  polishing  tool  till  it  has 
received  a  brilliant  lustre,  taking  care  to  use 
no  more  of  the  colcothar,  if  it  can  be  avoided, 
and  only  a  small  quantity  of  it,  if  it  should  be 
found  necessary.  When  the  metal  moves 
stiffly  on  the  polisher,  and  the  colcothar  as- 
sumes a  dark,  muddy  hue,  the  polish  advances 
with  great  rapidity.  The  tool  will  then  grow 
warm,  and  would  probably  stick  to  the  specu- 
lum if  its  motion  were  discontinued  for  a  mo- 
ment. At  this  stage  of  the  process,  therefore, 
we  must  proceed  with  gi'eat  caution,  breathing 
continually  on  the  polisher  till  the  friction  is 
so  great  as  to  retard  the  motion  of  the  specu- 
lum.    When  this  happens,  the  metal  is  to  be 

*  Irish   Transactions^  vol.  x,   and  Nicholson's 
Ffeilosophieal  Journal,  vol.  xvi. 
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slipped  off  the  tool  at  one  side,  cleaned  witii 
soft  leather,  and  placed  in  a  tube  for  the  pur- 
pose of  trying  its  performance;  and  if  the 
polishing  has  been  conducted  with  care,  it  will 
be  found  to  have  a  true  parabolic  figure.-j- 

It  was  formerly  the  practice,  before  the  spo 
ciilum  was  brought  to  the  polisher,  to  smooth 
it  on  a  bed  of  hones,  or  a  convex  tool  made 
of  the  best  blue  stone,  such  as  clockmakers 
use  in  polishing  their  work,  which  was  made 
one-fourth  part  larger  than  the  metal  which 
was  to  be  ground  upon  it,  and  turned  as  true 
as  possible  to  a  gauge ;  but  this  tool  is  not 
generally  considered  as  absolutely  necessary, 
except  when  silver  and  brass  enter  into  the 
composition  of  the  metal,  in  order  to  remove 
the  roughness  which  remains  after  grinding 
with  the  emery. 

To  try  the  Figure  of  the  Metal. — In  order 
to  this,  the  speculum  must  be  placed  in  the 
tube  of  the  telescope  for  which  it  is  intended, 
and  at  about  20  or  30  yards  distant  there 
should  be  put  up  a  watch-paper,  or  similar 
object,  on  which  there  are  some  very  fine 
strokes  of  an  engi'aver.  iVn  annular  kind  of 
diagram  should  be  made  with  card-paper,  so 
as  to  cover  a  circular  portion  of  the  middle 
part  of  the  speculum,  between  the  hole  and 
the  circumference,  equal  in  breadth  to  about 
one-eighth  of  its  diameter.  This  paper  ring 
should  be  fixed  in  the  mouth  of  the  telescope, 
and  remain  so  during  the  whole  experiment. 
There  must  likewise  be  two  other  circular 
pieces  of  card-paper  cut  out,  of  such  sizes  that 
one  may  cover  the  centre  of  the  metal  by  com- 
pletely fining  the  hole  in  the  annular  piece 
now  described,  and  the  other  such  a  round 
piece  as  shall  exactly  fill  the  tube,  and  so 
broad  as  that  the  inner  edge  just  touches  the 
outward  circumference  of  the  middle  annular 
piece.  All  these  pieces  together  will  com- 
pletely shut  up  the  mouth  of  the  telescope. 
Let  the  round  piece  which  covers  the  centre 
of  the  metal  be  removed,  and  adjust  the  in- 
strument so  that  the  image  may  be  as  sharp 
and  distinct  as  possible ;  then  replace  the  cen- 
tral piece,  and  remove  the  outside  annular 
one,  by  which  means  the  circumference  only 
of  the  speculum  will  be  exposed,  and  the 
image  now  formed  will  be  from  the  rays  re- 
flected from  the  exterior  side  of  the  metal.  If 
the  two  images  formed  by  these  two  portions 
of  the  metal  be  perfectly  sharp  and  equally 
distinct,  the  speculum  is  perfect  and  of  the 
true  parabolic  curve ;  if,  on  the  contrary,  the 
image  from  the  outside  of  the  metal  should 
not  bfc  'istinct,  and  it  should  be  necessary  to 
bring  tne  little  speculum  nearer  by  the  screw, 
the  raethi  is  not  yet  brought  to  the  parabolic 
figure ;  bit  if,  in  order  to  procure  distinctness, 

t  Brevvste  's  Appendix  to  *'  Ferguson's  Le6» 
tures.*' 
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we  be  obliged  to  move  the  small  speculum 
further  off,  then  the  figure  of  the  great  specu- 
lum has  been  carried  beyond  the  parabolic, 
and  has  assumed  the  hyperbolic  form. 

To  adjust  the  Eyehole  of  Gregorian  Re- 
Jledorsr, — If  there  is  only  one  eyeglass,  then 
the  distance  of  the  small  hole  should  be  as 
nearly  as  possible  equal  to  its  focal  length; 
but  in  the  compound  Huygenian  eyepiece, 
the  distance  of  the  eyehole  may  be  thus 
found :  Multiply  the  difference  between  the 
focal  distance  of  the  glass  next  to  the  specu- 
lum, and  the  distance  of  the  two  eyeglasses, 
by  the  focal  distance  of  the  glass  nearest  the 
eye;  divide  the  product  by  the  sum  of  the 
focal  distances  of  the  two  lenses,  lessened  by 
fjieir  distance,  and  the  quotient  will  be  the 
compound  focal  distance  required.  Thus,  if 
the  focal  distance  of  the  lens  next  the  specu- 
lum be  three  inches,  that  of  the  lens  next  the 
eye  one  inch,  and  their  distance  two  inches, 
then  the  compound  focal  distance  from  the 
eyeglass  will  be|^=|^===^  inch.  The  dia- 
meter of  the  eyehole  is  always  equal  to  the 
quotient  obtained  by  dividing  the  diameter  of 
the  great  speculum  by  the  magnifying  power 
of  the  telescope.  It  is  generally  from  -j-^^h.  to 
j^^th  of  an  inch  in  diameter.  It  is  necessary, 
in  many  cases,  to  obtain  froTn  direct  experi- 
merit  an  accurate  determination  of  the  place 
and  size  of  the  eyehole,  as  on  this  circum- 
stance depends,  in  a  certain  degree,  the  accu- 
rate performance  of  the  instrument. 

To  centre  the  two  Specula  of  Gregorian 
Reflectors. — Extend  two  fine  threads  or  wires 
across  the  aperture  of  the  tube  at  right  angles, 
so  as  to  intersect  each  other  exactly  in  the 


axis  of  the  telescope.  Before  the  arm  m 
finally  fastened  to  the  slider,  place  it  in  the 
tube,  and  through  the  eyepiece  (withoot 
glasses)  the  intersection  of  the  cross-wires 
must  be  seen  exactly  in  the  centre  of  the  hole 
of  the  arm.  When  this  exactness  is  obtained, 
let  the  arm  be  firmly  riveted  and  soldered  to 
the  slider. 

To  centre  Lenses. — The  centring  of  lenses 
is  of  great  importance,  more  especially  for  the 
object-glasses  of  achromatic  instruments.  The 
following  is  reckoned  a  good  method  :  Let  the 
lens  to  be  centred  be  cemented  on  a  brass 
chuck,  having  the  middle  turned  away  so  as 
not  to  touch  the  lens  except  near  the  edge, 
which  will  be  hid  when  mounted.  This  rim 
is  very  accurately  turned  flat  where  it  is  to 
touch  the  glass.  When  the  chuck  and  cement 
is  warm,  it  is  made  to  revolve  rapidly ;  while 
in  motion,  a  lighted  candle  is  brought  before 
it,  and  its  reflected  image  attentively  watched. 
If  this  image  has  any  motion,  the  lens  is  not 
flat  or  central ;  a  piece  of  soft  wood  must 
therefore  be  applied  to  it  in  the  manner  of  a 
turning  tool,  till  such  time  as  the  light  be- 
comes stationary.  When  the  whole  has  cooled, 
the  edges  of  the  lens  must  be  turned  by  a  dia- 
mond, or  ground  with  emery. 

For  more  particular  details  in  reference  to 
grinding  and  polishing  specula  and  lenses, 
the  reader  is  referred  to  Smith's  "  Complete 
System  of  Optics,"  Imison's  "  School  of  Arts," 
Huy genii  Opera,  Brewster's  Appendix  to 
"Ferguson's  Lectures,"  "Irish  Transactions," 
vol.  x.,  or  "  Nicholson's  Journal,"  vol.  xvi. 
Nos.  65,  66,  for  January  and  February, 
1807. 


PART    IIL 

ON  VARIOUS  ASTRONOMICAL  INSTRUMENTS. 


CHAPTER  I. 

On  Micrometers, 


A  MicBOMETEii  is  an  instrument  attached 
to  a  telescope,  in  order  to  measure  small 
spaces  in  the  heavens,  such  as  the  spaces  be- 
tween two  stars,  and  the  diameters  of  the  sun, 
moon,  and  planets  ;  and  by  the  help  of  which, 
the  apparent  magnitude  of  all  objects  viewed 
through  telescopes  may  be  measured  with 
great  exactness. 

110 


There  are  various  descriptions  of  thtx^o 
instruments,  constructed  with  different  sub« 
stances  and  in  various  forms,  of  which  the 
following  constitute  the  principal  variety: 
the  Wire  Micrometer — the  Spider^ s-line  Mi- 
crometer— the  Polymetric  Reticle — Divided 
Object-glass  Micrometer — Divided  Eyeglass 
Micrometer — Ramsden's  Catoptric  Microme- 
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ter — Rochon's  Crystal  Micrometer — Maske- 
iyue's  Prismatic  Micrometer — Brewster's  Mi- 
crometrical  Telescope — Sir  W.  Herschel's 
Lamp  Micrometer — Cavallo's  Molher-of- 
Pecirl  Micrometer,  and  several  others;  but, 
instead  of  attempting  even  a  general  descrip- 
tion o^  these  instruments,  I  shall  conjfine  my- 
self merely  to  a  very  brief  description  of 
Cavallds  Micrometer,  as  its  construction  will 
be  easily  understood  by  the  general  reader,  as 
it  is  one  of  the  most  simple  of  these  instru- 
ments, and  is  so  cheap  as  to  be  procured  for  a 
few  shillings,  while  some  of  the  instruments 
now  mentioned  are  so  expensive  as  to  cost 
nearly  as  much  as  a  tolerably  good  telescope.* 

This  micrometer  consists  of  a  thin  and 
narrow  slip  of  mother-of-pearl  finely  divided, 
which  is  placed  in  the  focus  of  the  eyeglass 
of  a  telescope,  just  where  the  image  of  the 
object  is  formed  ;  and  it  may  be  applied  either 
to  a  reflecting  or  a  refracting  telescope,  pro- 
vided the  eyeglass  be  a  convex  lens.  It  is 
about  the  twentieth  part  of  an  inch  broad,  and 
of  the  thickness  of  common  writing  paper, 
divided  into  equal  parts  by  parallel  lines, 
every  fifth  and  tenth  of  which  is  a  little  longer 
than  the  rest.  The  simplest  way  of  fixing  it 
is  to  stick  it  upon  the  diaphragm,  which  gene- 
rally stands  within  the  tube,  and  in  the  focus 
of  the  eyeglass.  When  thus  fixed,  if  you 
look  through  the  eyeglass,  the  divisions  of  the 
micrometrical  scale  will  appear  very  distinct, 
unless  the  diaphragm  is  not  exactly  in  the 
focus  of  the  eyeglass,  in  which  case  it  must 
be  moved  to  the  proper  place ;  or  the  micro- 
meter may  be  placed  exactly  in  the  focus  of 
the  eyelens  by  the  interposition  of  a  circular 
piece  of  paper,  card,  or  by  means  of  wax.  If 
a  person  should  not  like  to  see  always  the 
micrometer  in  the  field  of  the  telescope,  then 
the  micrometrical  scale,  instead  of  being 
fixed  to  the  diaphragm,  may  be  fitted  to  a 
circular  perforated  plate  of  brass,  of  wood,  or 
even  of  paper,  which  may  be  occasionally 
placed  upon  the  said  diaphragm.  One  of 
these  micrometers,  in  my  possession,  which 
contains  600  divisions  in  an  inch,  is  fitted  up 
in  a  separate  eyetube,  with  a  glass  peculiar  to 
itself,  which  shdes  into  the  eyepiece  of  the  tele- 
scope when  its  own  proper  glass  is  taken  out. 

To  ascertain  the  Value  of  the  Divi- 
sions of  this  Micrometer, — Direct  the 
telescope  to  the  sun,  and  observe  how 
many  divisions  of  the  micrometer  mea- 
sure its  diameter  exactly  ;  then  t«.ke  out 
of  the  Nautical  Almanac  the  diameter 
of  the  sun  for  the  day  on  which  the  obser- 
vation is  made ;  divide  it  by  the  above-men- 

*  A  particular  description  of  the  micrometers 
here   enumerated,   and    several    others,   will    be 
found  in  Dr.  Pearson's  "Introduction  to  Practical 
Astronomy,"  vol.  ii. 
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tioned  immber  of  divisions,  and  the  quotient 
is  the  value  of  one  division  of  the  micro 
meter.  Thus,  suppose  that  26^  divisions  of 
the  micrometer  measure  the  diameter  of  the 
sun,  and  that  the  Nautical  Almanac  gives  foi 
the  measure  of  the  same  diameter  3 1 '  22^',  or 
1822^^  ;  divide  1822  by  26.5,  and  the  quotient 
is  71^',  or  1''  II'',  which  is  the  value  of  one 
division  of  the  micrometer,  the  double  of  which 
is  the  value  of  two  divisions,  and  so  on.  The 
value  of  the  divisions  may  likewise  be  ascer- 
tained by  the  passage  of  an  equatorial  star 
over  a  certain  number  of  divisions  in  a  certain 
time.  The  stars  best  situated  for  this  purpose 
are  such  as  the  following :  5  in  the  Whale,  R. 
A.  37°  3^^  Dec.  37'  50''  S. ;  h  in  Orion,  R. 
A.  80°  11'  42",  Dec.  28'  40"  S. ;  k  in  the 
Lion,  R.  A.  171°  25'  21",  Dec.  23'  22"  N. ; 
jy  in  Virgo,  R.  A.  182°  10',  Dec.  33'  27"  N 
But  the  following  is  the  most  easy  and  accu- 
rate method  of  determining  the  value  of  the 
divisions. 

Mark  upon  a  wall  or  other  place  the  length 
of  six  inches,  which  may  be  done  by  making 
two  dots  or  lines  six  inches  asunder,  or  by 
fixing  a  six  inch  ruler  upon  a  stand.  Then 
place  the  telescope  before  it,  so  that  the  ruler 
or  six-inch  length  may  be  at  right  angles 
with  the  direction  of  the  telescope,  and  just 
57  feet  3-|  inches  distant  from  the  object-glass 
of  the  telescope ;  this  done,  look  through  the 
telescope  at  the  ruler,  or  other  extension  of 
six  inches,  and  observe  how  many  divisions 
of  the  micrometer  are  equal  to  it,  and  that 
same  number  of  divisions  is  equal  to  half  a 
degree,  or  30' ;  and  this  is  all  that  is  neces- 
sary for  the  required  determination ;  the  rea- 
son of  which  is,  because  an  extension  of  six 
inches  subtends  an  angle  of  30'  at  the  dis- 
tance of  57  feet  3^  inches,  as  may  be  easily 
calculated  from  the  rules  of  Plane  Trigono- 
metry 

Fig.  85  exhibits  this  micrometer  scale,  but 
shows  it  four  times  larger  than  the  real  size  of 
Dne  which  was  adapted  to  a  three-feet  achroma- 
tic telescope  magnifying  84  times.  The  divi- 
sions upon  it  are  the  200ths  of  an  inch,  which 
reach  from  one  edge  of  the  scale  to  about  the 
middle  of  it,  excepting  every  fifth  and  tenth  di- 
vision, which  are  longer.  Two  divisions  of  this 
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scale  are  very  nearly  equal  to  one  minuto ; 
and  as  a  quarter  of  one  of  these  divisions 
may  be  distinguished  by  estimation,  therefore 
an  angle  of  one-eighth  of  a  minute,  or  of  7^", 
may  be  measured  with  it.  When  a  telescope 
magnifies  more,  the  divisions  of  the  microme- 
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ter  must  be  morp  minute.  When  the  focus  of  For  measuring  the  real  or  lineal  dimension? 
the  eyeglass  of  the  telescope  is  shorter  than    of  small  objects,  instead  of  the  angles ;  foi 

half  an  inch,  the  micrometer  may  be  divided  if  the  tube  be  unscrewed  from  the  re'st  of  the 

v/ith  the  sooths  of  an  inch  ;  by  means  of  telescope,  and  applied  to  small  objects,  it  will 

wWch,  and  the  telescope  magnifying  about  serve  for  a  microscope,  having  a  considerable 

200  times,  one  may  easily  and  accurately  mea-  magnifying  power,  as  we  have  already  shown 

sure  an  angle   smaller  than   half  a   second,  (p.  124;)  and  the  micrometer,  in  that  case, 

On  the  other  hand,  when  the  telescope  does  will  measure  the  hneal  dimensions  of  the  ob-' 

not   magnify  above    30  times,  the   divisions  ject,  as  the  diameter  of  a  hair,  the  length  of 

need  not  be  so  minute.     In  one  of  Dollond's  a  flea,  or  the  limbs  of  an  insect.     In  order  to 

pocket  telescopes,  which,  when  drawn  out  for  find  the  value  of  the  divisions  for  this  purpose, 

use,  IS  only  14  inches  long,  a  micrometer  with  we  need  only  apply  a  ruler,  divided  into  tenths 

the  hundredths  of  an  inch  is  quite  sufficient,  of  an  inch,  to  the  end  of  the  tube,  and  look- 

and  one  of  its  divisions  is  equal  to  httle  less  ing  through  the  tube,  observe  how  many  di- 

than   three   minutes,  so  that  an   angle  of  a  visions  of  the  micrometer  measure  one-tenth 

mmute  may  be  measured  by  it.     Supposing  of  an  inch  on  the  ruler,  which  will  give  the 

11^  of  those  divisions  equal  to  30',  or  23  to  a  required    value.     Thus,  if   30   divisions  are 

degree,  any   other  angle   measured   by   any  equal  to  y^th  of  an  inch,  300  of  them  must 

other  number  of  divisions  is  determined  by  be  equal  to  the  300th  part  of  an  inch.     2. 

proportion.     Thus,  suppose,  the  diameter  of  For  measuring  the  magnifying  power  of  other 

the  sun,  seen  through  the  same  telescope,  be  telescopes.     This  is  done  by  measuring  the 

found  equal  to  12  divisions,  say,  as  11^  divi-  diameter  of  the  pencil  of  light  at  the  eye-end 

sions  are  to  30  minutes,  so  are  12  divisions  to  of  the  telescope  in  question ;  for,  if  we  divide 

(iyi_i^)  31.3^  which  is  the  required  diameter  ^^®  diameter  of  the  object-lens  by  the  diameter 

of  the^sun  ^^  ^^^^  pencil  of  light,  the  quotient  will  ex- 

Practical  Uses  of  this  Micrometer. -Thi^  f^^^  ^T  ^^^  ^'"^l'  ^^^^  telescope  magni- 

micrometer  may.be  applied  to  the  following  ^^''  ?"  ^^^f^^^'     Thus,  suppose   that    300 

purposes;     1.   For   measuring   the   apparent  divisions  of  the  micrometer  are  equal  to  the 

diameters  of  the  sun,  moon,  and  planets.     2.  ^PP^^^J  extension   of   one   mch-that    the 

For  measuring  the  apparent  distances  of  the  P""!".^^  ^^  ^'^^\  ,f  flf'?'''^  ^^  ^T^  ""^  ^}^'^ 

satellites  from  their  primaries.     3.  For  mea-  division s-and  that  the  diameter  of  the  object- 

surino-  the  cusds  of  the  moon  in  eclipses      4  ^"^  measures  one  inch  and  two  tenths  :  Mul- 

For  measuring  the  apparent  distances  between  Ifl  \l^^^  l^c.^Tt^^'lZ^.t^l^^^^^^^ 
two  contiguous  stars — between  a  star  and  a  ^^      n  tv,o,^,->i,  TTiv^n. 


planet — between  a  star  and  the  moon — or  be- 
tween a  comet  and  the  contiguous  stars,  so  as 
to  determine  its  path.  5.  For  finding  the  dif- 
ference of  declination  of  contiguous  stars, 
when  they  have  nearly  the  same  right  ascen- 
sion. ~ 


by  4,  gives  90  for  the  magnifying  power  of 
the  telescope. 

Problems  wliich  may  he  solved  hy  this 
Micrometer. — 1.  The  angle — not  exceeding 
one  degree — which  is  subtended  by  an  exten- 
sion of  one  foot,  being  given,  to  find  its  dis- 


..uu.     6.  For  measuring  the  small  elevations    ^f^  ^'''"',  ^^f  ^^^""^  ""^  observation :  Rule  1. 

or  depressions  of  objects  above  and  below  the  ][  ^^^.  ^"^^^  ^\  expressed  m  mmutes,  say,  as 
^  *'  the  given  angle  is  to  60,  so  is  687.55  to  a 

fourth  proportional,  which  gives  the  answer 
in  inches.  2.  If  the  angle  be  expressed  in 
seconds,  say,  as  the  given  angle  is  to  3600,  so 


horizon.  7.  For  measuring  the  proportional 
parts  of  buildings,  and  other  objects  in  per- 
spective drawing.  8.  For  ascertaining  whether 
a  ship  at  sea,  or  any  moving  object,  is  coming 
nearer  or  going  further  off;  for  if  the  angle 
subtended  by  the  object  appears  to  increase,  it 
shows  that  the  object  is  coming  nearer,  and 


is  687.55  to  a  fourth  proportional,  which  ex- 
presses the  answer  in  inches.  3.  If  the  angle 
be  expressed  in  minute?  and  seconds,  turn  it 


if  the  angle  appears  to  decrease,  it  indicates  ^H  ^^to  seconds,  proceed  .s  above     Example: 

that  the  object  is  receding  from  us.     9.  For  f'^'^f  ^f  ^""-t  '\^  ^'f^^   ^^  ^  ^''f  ^» 

ascertaining  the  real  distances  of  objects   of  ^'^^^^^^  ^^^^^  '^  ^^^^^^^^'  ^^  '^^fLfJT. 

known    extension,   and    hence    to   measure    ''^^"""^  .   ^  .  douu  .  .  d»/.oo  . 

heights,  depths,  and  horizontal  distances.  10.  =1237596  inches,  or  103132^  feet=  the  an- 
For  measuring  the  real  extensions  of  objects  ^wer  required.  11.  The  angle  which  is  sub- 
when  their  distances  are  known.  11.' For  tended  by  any  known  extension  being  given, 
measuring  the  distance  and  size  of  an  object  ^p  ^"^1  its  distance  from  the  place  of  observa- 
when  neither  of  them  is  known.  tion ;  Rule  :  Proceed  as  if  the  extension  were 
When  the  micrometer  is  adapted  to  those  of  o»e  foot,  by  Problem  I.,  and  call  the  an- 
telescopes  which  have  four  glasses  in  the  eye-  ^wer  B  ;  then,  if  the  extension  in  question  be 
tube,  and  when  the  eyefuhe  only  is  used,  it  expressed  in  inches,  say  as  12  inches  are  to 
may  be  applied  to  the  following  purposes ;  1.  that  extension,  so  is  B  to  a  fourth  proportionalj 

(875) 


Hosted  by  Google 


158 


THE  PRACTICAL  ASTRONOMER. 


which  is  'che  answer  in  inches.  But  if  the  ex- 
tension in  question  be  expressed  in  feet,  then 
we  need  only  multiply  it  by  B,  and  the  pro- 
duct is  the  answer  in  inches.  Example :  At 
what  distance  is  a  man  six  feet  high  when  he 
appears  to  subtend  an  angle  of  30''  1  By  Pro- 
blem L,  if  the  man  were  one  foot  high  the 
distance  would  be  82506  inches;  but  as  he  is 
six  feet  high  therefore  multiply  82506  by  6, 
and  the  product  is  the  required  distance, 
namely,  495036  inches,  or  41253  feet. 

For  greater  convenience,  especially  in  tra- 
velling, when  one  has  not  the  opportunity  of 
making  such  calculations,  the  following  two 
tables  have  been  calculated,  the  first  of  which 
shows  the  distance  answering  to  any  angle 
from  one  minute  to  one  degree,  which  is  sub- 
tended by  a  man  whose  height  is  considered 
an  extension  of  six  feet,  because  at  a  mean, 
such  is  the  height  of  a  man  when  dressed 
with  hat  and  shoes  on.  These  tables  may  be 
transcribed  on  a  card,  and  may  be  kept  always 
ready  with  a  pocket  telescope  furnished  with 


a  micrometer.  Their  use  is  to  ascertain  di&» 
tances  without  any  calculations ;  and  thej 
are  calculated  only  to  minutes,  because  with 
a  pocket  telescope  and  micrometer  it  is  not 
possible  to  measure  an  angle  more  accurately 
than  to  a  minute.  Thus,  if  we  want  to  mea- 
sure the  extension  of  a  street,  let  a  foot  ruler 
be  placed  at  the  end  of  the  street;  measure 
the  angular  appearance  of  it,  which  suppose 
to  be  36',  and  in  the  table  we  have  the  re- 
quired distance  against  SO',  which  is  95| 
feet.  Thus,  also,  a  man  who  appears  to  be 
49'  high  is  at  the  distance  of  421  feet. 
Again  :  Suppose  the  trunk  of  a  tree,  which 
is  known  to  be  three  feet  in  diameter,  be  ob- 
served to  subtend  an  angle  of  9|'.  Take  the 
number  answering  to  9'  out  of  the  table, 
namely,  382,  and  subtract  from  it  a  propor- 
tional part  for  the  half  minute,  namely,  19.1, 
which,  subtracted  from  382,  leaves  362.9. 
This  multiplied  by  3,  the  diameter  of  the 
tree,  produces  1087,  7  feet  =  the  distance 
from  the  object  end  of  the  telescope. 


Angles  subtended  by  an  extension 

oi  one  foot  at 

Angles  subtended  by  an 

extension  of 

fix  feet  at 

different  distances. 

different  distances. 

Angles  in 

Distances  in 

Angles  in 

Distances  in 

Angles  in 

Distances  in 

AngUs  in 

Distances  in 

minutes. 

feet. 

minutes. 

feet. 

mihuteu. 

feet. 

minutes. 

feet. 

1 

3438 

31 

110,9 

1 

20626.8 

31 

665.4 

2 

1719 

32 

107,4 

2 

10313 

32 

644.5 

3 

1146 

33 

104.2 

3 

6875.4 

33 

625 

4 

859.4 

34 

101.1 

4 

5156.5 

34 

606.6 

5 

687.5 

35 

98.2 

5 

4125.2 

35 

589.3 

6 

572.9 

36 

95.5 

6 

3437.7 

36 

572.9 

7 

491.1 

37 

92.9 

7 

2946.6 

37 

557.5 

8 

429.7 

38 

90.4 

8 

2578.2 

.   38 

542.8 

9 

382 

39 

88.1 

9 

2291.8 

39 

528.9 

10 

343.7 

40 

85.9 

10 

2062.6 

40 

515.6 

11 

312.5 

41 

83.8 

11 

1875.2 

41 

503.1 

12 

286.5 

4.2 

81.8 

12 

1718.8 

42 

491.1 

13 

264.4 

43 

79.9 

13 

1586.7 

43 

479.7 

;    14 

245.5 

44 

78,1 

14 

1473.3 

44 

468,8 

15 

229.2 

45 

76.4 

15 

1375 

45 

458.4 

16 

214.8 

46 

74,7 

16 

1298.1 

46 

448.4 

17 

.  202.2 

47 

73.1 

17 

1213.3 

47 

438.9 

■■      18 

191 

48 

71.6 

18 

1145.9 

48 

429.7 

19 

181 

49 

70,1 

19 

1085.6 

49 

421 

20 

171.8 

50 

68.7 

20 

1031.4 

50 

412.5 

21 

162.7 

51 

67.4 

21 

982.2 

51 

404.4 

22 

156.2 

52 

66.1 

22 

937.6 

52 

396.7 

23 

149.4 

53 

64.8 

23 

896.8 

53 

389.2 

24 

143.2 

54 

63.6 

24 

859.4 

54 

381,9 

25 

137.5 

55 

62.5 

25 

825 

55 

375 

26 

132.2 

56 

61.4 

26 

793.3 

56 

368.3 

27 

127.3 

57 

60,3 

27 

763.9 

57 

361.9 

28 

122.7 

58 

59.1 

28 

736.6 

58 

355.6 

29 

118.5 

59 

58.2 

29 

711.3 

59 

349,6 

30 

114.6 

60 

57.3 

30 

687.5 

60 

343.7 

In  this  way  the  distance  of  a  considerably  The  breadth  of  a  river,  of  an  arm  of  the  sea* 

gemote  object,  as  a  town  or  building  at  ten  or  the  distance  of  a  lighthouse,  whose  eleva- 

or  twelve  miles'  distance,  may  be  very  nearly  tion    above   the   sea   or  any  other  point   is 

determined,  provided  we  have  the  lineal  di-  known,   may  likewise,   in   this   manner  b© 

mensions  of  a  house   or   other   object   that  easily  determined. 
stands  at  right  angles  to  the  line  of  visiono 
(876) 
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CHAPTER  IL 

On  the  Equatorial  Telescope^  or  F:irtahle  Ohservatory, 


The  eoaatorial  instrument  is  intended  to 
answer  a  number  of  useful  purposes  in  Prac- 
tical Astronomy,  independently  of  any  par- 
ticular observatory.  Besides  answering  the 
general  purpose  of  a  quadrant,  a  transit  in- 
strument, a  theodolite,  and  an  azimuth  instru- 
ment, it  is  almost  the  only  instrument  adapted 
for  viewing  the  stars  and  planets  in  the  day- 
time, and  for  following  them  in  their  apparent 
diurnal  motions.  It  may  be  made  use  of 
in  any  steady  room  or  place,  and  performs 
most  of  the  useful  problems  in  astronomical 
science. 

The  basis  of  all  equatorial  instruments  is 
a  revolving  axis,  placed  parallel  to  the  axis  of 
the  earth,  by  which  an  attached  telescope  is 
made  to  follow  a  star  or  other  celestial  body 
in  the  arc  of  its  diurnal  revolution,  without 
the  trouble  of  repeated  adjustments  for  changes 
of  elevation,  which  quadrants  and  circles  with 
vertical  and  horizontal  axes  require.  Such  an 
instrument  is  not  only  convenient  for  many 
useful  and  interesting  purposes  in  celestial  ob- 
servations, but  is  essentially  requisite  in  cer- 
tain cases,  particularly  in  examining  and  mea- 
suring the  relative  positions  of  two  contiguous 
bodies,  or  in  determining  the  diameters  of  the 
planets,  when  the  spider's-Iine  micrometer  is 
used. 

Christopher  Scheiner  is  supposed  to  have 
been  the  first  astronomer  who,  in  the  year 
1620,  made  use  of  a  polar  axis,  but  without 
any  appendage  of  graduated  circles.  It  was 
not,  however,  till  the  middle  of  the  last  cen- 
tury that  any  instruments  of  this  description, 
worthy  of  the  name,  were  attempted  to  be 
constructed.  In  1741,  Mr.  Henry  Hindley,  a 
clockmaker  in  York,  added  to  the  polar  axis 
an  equatorial  plate,  a  quadrant  oi  altitude, 
and  declination  semicircle ;  but  when  this 
piece  of  mechanism  was  sent  to  London  for 
sale  in  1748,  it  remained  unsold  for  the  space 
of  13  years.  Mr.  Short,  the  optician,  pub- 
lished in  the  Philosophical  Transactions  for 
1750  a  "description  of  an  equatorial  tele- 
scope," which  was  of  the  reflecting  kind,  and 
was  mounted  over  a  combination  of  circles 
and  semicircles,  which  were  strong  enough  to 
support  a  tube,  and  a  speculum  of  the  Gre- 
gorian construction  IS  inches  in  focal  length. 
This  instrument  consisted  of  a  somewhat  cum- 
bersome and  expensive  piece  of  machinery,  a 
representation  of  which  may  be  seen  in  vol. 


iii.  o^  Martin's  "  Philosophia  Britannicai  o? 
System  of  the  Newtonian  Philosophy."  Va- 
rious modifications  of  this  instrument  have 
since  been  made  by  Nairne,  Dollond,  Rams- 
den,  Troughton,  and  other  artists ;  but  even 
at  the  present  period  it  has  never  come  into 
very  general  use,  though  it  is  one  of  the  most 
pleasant  and  useful  instruments  connected 
with  astronomical  observations. 

As  many  of  these  instruments  are  some- 
what complicated  and  very  expensive,  I  shall 
direct  the  attention  of  the  reader  solely  to  one 
'which  I  consider  as  the  most  simple,  which 
may  be  purchased  at  a  moderate  expense,  and 
is  sufficiently  accurate  for  general  observations. 

The  instrument  consists  of  the  following 
parts :    A   horizontal  circle,  E  F  (fig.  86,) 


Fig.  86. 


divided  into  four  quadrants  of  90  degrees  each. 
There  is  a  fixed  nonius  at  N;  and  the  circle 
is  capaple  of  being  turned  round  on  an  axis. 
In  the  centre  of  the  horizontal  chcle  is  fixed  a 
4  E  (877) 
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strong  upright  pillar,  which  supports  the  centre 
of  a  vertical  semi-circle,  A  B,  divided  into  two 
quadrants  of  90  degrees  each.  This  is  called 
the  semicircle  of  altitude,  and  may,  at  any- 
time, serve  the  purpose  of  a  quadrant  in  mea- 
suring either  altitudes  or  depressions.  It  has 
a  nonius  plate  at  if.  At  right  angles  to  the 
plane  of  this  semicircle,  the  equatorial  circle, 
M  N,  is  firmly  fixed.  It  represents  the 
equator,  and  is  divided  into  twice  twelve 
hours,  every  hour  being  divided  into  twelve 
parts  of  five  minutes  each.  Upon  the  equa- 
torial circle  moves  another  circle,  with  a 
chamfered  edge,  carrying  a  nonius,  by  which 
the  divisions  on  the  equatorial  may  be  read 
off  to  single  minutes ;  and  at  right  angles  to 
this  movable  circle  is  fixed  the  semici^'cle  of 
declination,  D,  divided  into  two  quadrants  of 
90  degrees  each.  The  telescope,  P  0,  is  sur- 
mounted above  this  circle,  and  is  fixed  to  an 
index  movable  on  the  semicircle  of  declina- 
tion, and  carries  a  nonius  opposite  to  Q. 
The  telescope  is  furnished  with  two  or  three 
Huygenian  eyepieces  and  likewise  with  a 
diagonal  eyepiece  for  viewing  objects  near  the 
zenith.  Lastly,  there  are  two  spirit  levels 
fixed  on  the  horizontal  circle  at  right  angles 
to  each  other,  by  means  of  which  this  circle 
is  made  perfectly  level  when  observations  are 
to  be  made. 

To  adjust  the  Equatorial  for  Observations. 
— Set  the  instrument  on  a  firm  support ;  then, 
to  adjust  the  levels  and  the  horizontal  circle, 
turn  the  horizontal  circle  till  the  beginning  O 
of  the  divisions  coincides  with  the  middle 
stroke  of  the  nonius,  or  near  it.  In  this  situa- 
tion, one  of  the  levels  will  be  found  to  lie 
either  in  a  right  line  joining  the  two  foot- 
screws  which  are  nearest  the  nonius,  or  else 
parallel  to  such  a  right  line.  By  means  of 
the  last  two  screws,  cause  the  bubble  in  the 
level  to  become  stationary  in  the  middle  of  the 
glass ;  then  turn  the  horizontal  circle  half 
round  by  bringing  the  other  0  to  the  nonius ; 
and  if  the  bubble  remains  in  the  middle  as  be- 
fore, the  level  is  well  adjusted  ;  if  it  does  not, 
correct  the  position  of  the  level  by  turning 
one  or  both  of  the  screws  which  pass  through 
its  ends  till  the  bubble  has  moved  half  the 
distance  it  ought  to  come  to  reach  the  middle, 
and  cause  it  to  move  the  other  half  by  turn- 
ing the  foot-screws  already  mentioned ;  return 
the  horizontal  circle  to  its  first  position,  and 
if  the  adjustments  have  been  well  made,  the 
bubble  will  remain  in  the  middle  ;  if  otherwise, 
the  process  must  be  repeated  till  it  bears  this 
^roof  of  its  accuracy ;  then  turn  the  horizon- 
tal circle  till  90°  stands  opposite  to  the  nonius ; 
and  by  the  foot-screw  immediately  opposite 
the  other  90°,  cause  the  bubble  of  the  same 
level  to  stand  in  the  middle  of  the  glass; 
lastly,  by  its  own  proper  screws  set  the  other 
'(8T8) 


level  so  that  its  bubble  may  occupy  the  nsM' 
die  of  its  glass. 

To  adjust  the  Line  of  Sight. — Set  the 
nonius  on  the  declination  senlicircle  at  0,  tho 
nonius  on  the  horary  circle  at  YL,  and  the 
nonius  on  the  semicircle  of  altitude  at  90 : 
look  through  the  telescope  towards  some  pari 
of  the  horizon  where  there  is  a  diversity  of 
remote  objects ;  level  the  horizontal  circle,  and 
then  observe  what  object  appears  in  the  centre 
of  the  cross-wires,  or  in  the  centre  of  the 
field  of  view  if  there  be  no  wires;  reverse 
the  semicircle  of  altitude  so  thai  the  other  90° 
may  apply  to  the  nonius,  taking  care,  at  the 
same  time,  that  the  other  three  noniuses  con- 
tinue at  the  same  parts  of  their  respective 
graduations  as  before.  If  the  remote  object 
continues  to  be  seen  on  the  centre  of  the 
cross'wires,  the  line  of  sight  is  truly  adjusted. 

To  find  the  Correction  to  he  applied  to 
.  Observations  by  the  Semicii'cle  of  Altitude. 
— Set  the  nonius  on  the  declination  semicircle 
to  0,  and  the  nonius  on  the  horary  circle  to 
XII.;  direct  the  telescope  to  any  fixed  and 
distant  object  by  moving  the  horizontal  circle 
and  semicircle  of  altitude,  and  nothing  else ; 
note  the  degree  and  minute  of  altitude  or  de- 
pression ;  reverse  the  declination  semicircle  by 
directing  the  nonius  on  the  horary  circle  to 
the  opposite  XII. ;  direct  the  telescope  again 
to  the  same  object,  by  means  of  the  horizontal 
circle  and  semicircle  of  altitude,  as  before. 
If  its  altitude  or  depression  be  the  same  as 
was  observed  in  the  other  position,  no  correct 
tion  will  be  required ;  but  if  otherwise,  half 
the  difference  of  the  two  angles  is  the  correc- 
tion to  be  added  to  all  observations  made  with 
that  quadrant,  or  half  of  the  semicircle  which 
shows  the  least  angle,  or  to  be  subtracted  from 
all  the  observations  made  with  the  other  quad- 
rant, or  half  of  the  semicircle.  When  the 
levels  and  other  adjustments  are  once  trul}'^ 
made,  they  will  be  preserved  in  order  for  a 
length  of  time,  if  not  deranged  by  violence ; 
and  the  correction  to  be  applied  to  the  semi- 
circle of  altitude  is' a  constant  quantity. 

Description  of  the  Nonius. — -The  nonius — 
sometimes  called  the  Vernier — is  a  name 
given  to  a  device  for  subdividing  the  arcs  of 
quadrants  and  other  astronomical  instruments^ 
It  depends  on  the  simple  circumstance  that  if 
any  line  be  divided  into  equal  parts,  the  length 
of  each  part  will  be  greater  the  fewer  the  divi^ 
sions ;  and  contrariwise,  it  will  be  less  in  pro- 
portion as  those  divisions  are  more  numerous. 
Thus,  in  the  equatorial  now  described,  the 
distance  between  the  two  extreme  strokes  on 
the  nonius  is  exactly  equal  to  eleven  degrees 
on  the  limb,  only  that  it  is  divided  into  twelve 
equal  parts.  Each  of  these  last  parts  will 
therefore  be  shorter  than  the  degree  on  the 
limb  in  the  proportion  of  11  to  15,  that  is  to 
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BSLV,  it  vdlJ  be  ^^^t^.  part,  or  five  minutes 
shorter ;  consequently,  if  the  middle  stroke  be 
set  precise!}"  opposite  to  any  degree,  the  rela- 
tive positions  of  the  nonius  and  the  limb  must 
be  altered  five  minutes  of  a  degree  before 
either  of  the  two  adjacent  strokes  next  the 
middle  on  the  nonius  can  be  brought  to  coin- 
cide with  the  nearest  stroke  of  a  degree ;  and 
so  hkewise  the  second  stroke  on  the  nonius 
will  require  a  change  of  ten  minutes,  the 
third  of  fifteen,  and  so  on  to  thirty,  when  the 
middle  line  of  the  nonius  will  be  seen  to  be 
equidistant  between  two  of  the  strokes  on  the 
limb ;  after  which,  the  lines  on  the  opposite 
side  of  the  nonius  will  coincide  in  succession 
with  the  strokes  on  the  limb.  It  is  clear  from 
this  that  whenever  the  middle  stroke  of  the 
nonius  does  not  stand  precisely  opposite  to 
any  degree,  the  odd  minutes,  or  distance  be- 
tween it  and  the  degree  immediately  preced- 
ing, may  be  known  by  the  number  of  the 
stroke  marked  on  the  nonius,  which  coincides 
with  any  of  the  strokes  on  the  limb.*  In 
some  ins-truments  the  nonius-plate  has  its  divi- 
sions fewer  than  the  number  of  parts  on  the 
limb  to  which  it  is  equal;  but  when  once  a 
clear  idea  of  the  principle  of  any  nonius  is 
obtained,  it  will  be  easy  to  transfer  it  to  any 
other  mode  in  which  this  instrument  is  con- 
trived. 

To  find  by  this  Equatorial  the  Meridiais' 
LiiN'E,  and  the  Time,  riioM  ojte  Obseiiva- 
Tiojvr  ov  THE  Su^s^. — In  order  to  this,  it  is 
requisite  that  the  sun's  declination  and  the 
latitude  of  the  place  be  known.  The  declina- 
tion of  the  sun  may  be  found  for  every  day  in 
the  Nautical  Almanac,  or  any  other  astrono- 
mical ephemeris ;  and  the  latitude  of  the  place 
may  be  found  by  means  of  the  semicircle  of 
altitude,  when  the  telescope  is  directed  to  the 
sun  or  a  known  fixed  star.  It  is  likevidse 
requisite  to  make  the  observation  when  the 
azimuth  and  altitude  of  the  sun  alter  quickly, 
and  this  is  generally  the  case  the  further  that 
luminary  is  from  the  meridian ;  therefore,  at 
the  distance  of  three  or  four  hours  either  be- 
fore or  after  noon,  (in  summer,)  adjust  the 
horizontal  circle  ;  set  the  semicircle  of  altitude 
so  that  its  nonius  may  stand  at  the  colatitude 
of  the  place ;  lay  the  plane  of  the  last-men- 
tioned semicircle  in  the  meridian  by  estima- 
tion, its  0  being  directed  towards  the  depressed 
pole  ;  place  the  nonius  of  the  declination  semi- 
circle to  the  declination,  whether  north  or 
south ;  then  direct  the  telescope  towards  the 
srm,  partly  by  moving  the  declination  semi- 
circle on  the  axis  of  the  equatorial  circle,  and 
partly  by  moving  the  horizontal  circle  on  its 
own  axis.  There  is  but  one  position  of  these 
which  will  admit  of  the  sun  being  seen  exactly 
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in  the  middle  of  the  field  of  view.  When  thfe 
position  is  obtained,  the  nonius  on  the  equa- 
torial circle  shows  the  apparent  time,  and  the 
circle  of  altitude  is  in  the  plane  of  the  me- 
ridian. When  this  position  is  ascertained, 
the  meridian  may  be  settled  by  a  landmark  at 
a  distance. 

With  an  equatorial  instrument  nearly  simi- 
lar to  that  now  described,  I  formerly  made  a 
series  of  ^^  day  observations  on  the  celestial 
bodies,"  which  were  originally  pubHshed  in 
vol.  xxxvi.  of  "  Nicholson's  Journal  of  Natural 
Philosophy,"  and  which  occupy  twenty  pages 
of  that  journal.  Some  of  these  observations  I 
shall  lay  before  the  reader,  after  having  ex- 
plained the  manner  in  which  they  are  made. 

The  instrument  was  made  by  Messrs.  W, 
and  S.  Jones,  opticians,  Holborn,  London- 
The  telescope  which  originally  accompanied 
the  instrument  was  an  achiomatic  refractor, 
its  object-glass  being  8 1  inches  focal  distance, 
and  one  inch  in  diameter.  This  telescope, 
not  admitting  sufficiently  high  magnifying 
powers  for  the  observations  intended,  was 
afterwards  thrown  aside  for  another  telescope 
having  an  object-glass  20  inches  focal  length 
and  IJth  inches  in  diameter,  which  was  at- 
tached to  the  equatorial  machinery  in  place 
of  the  small  telescope.  It  was  furnished  with 
magnifying  powers  of  15,  30,  45,  60,  and  100 
times.  The  instrument  was  placed  on  a  firm 
pedestal  about  three  feet  high.  The  feet  of 
this  pedestal  had  short  iron  pikes,  which 
slipped  into  corresponding  holes  in  the  floor 
of  the  apartment  adjacent  to  a  south  window, 
so  that  when  the  direction  of  the  meridian  was 
found,  and  the  circles  properly  adjusted,  the 
instrument  was  in  no  danger  of  being  shifted 
from  this  position.  Though  this  instrument 
generally  stood  fronting  the  southern  part  of 
the  heavens,  yet  the  equatorial  part,  along 
with  the  telescope,  could  occasionally  be  re- 
moved to  another  position  fronting  the  north 
and  north-west,  for  observing  the  stars  in  those 
quarters. 

Manner  of  observing  Stars  and  Planets 
in  the  Daytime  by  the  Equatorial. — Before 
such  observations  can  be  made,  the  semicircle 
of  altitude  must  be  placed  in  the  meridian,  and 
the  degree  and  minute  pointed  out  by  the 
nonius  on  the  horizontal  circle,  when  in  this 
position,  noted  down  in  a  book,  so  that  it  may 
be  placed  again  in  the  same  position,  should 
any  derangement  afterward  happen.  The 
semicircle  of  altitude  must  be  set  to  the  co- 
latitude  of  the  place,  that  is,  to  what  the  lati- 
tude wants  of  90°.  Suppose  the  latitude  of 
the  place  of  observation  be  52°  30^  north, 
this  latitude  subtracted  from  90°  leaves  37® 
30'  for  the  colatitude,  and  therefore  the  semi- 
circle of  altitude,  on  which  the  equatorial  cir- 
cle is  fixed,  must  be  elevated  to  37°  30',  and 
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then  the  equatorial  circle  on  the  instrument 
coincides  with  the  equator  in  the  heavens. 
Lastly,  the  telescope  must  be  adjusted  on  the 
declination  semicircle  so  as  exactly  to  corres- 
pond with  the  declination  of  the  heavenly 
body  to  be  viewed.  If  the  body  is  in  the 
equator,  the  telescope  is  set  by  the  index  at  0 
on  the  semicircle  of  declination,  or  at  the  mid- 
dle point  between  the  two  quadrants,  and 
then,  when  the  telescope,  along  with  the  semi- 
circle of  declination,  is  moved  from  right  to 
left,  or  the  contrary,  it  describes  an  arc  of  the 
equator.  If  the  declination  of  the  body  be 
north,  the  telescope  is  elevated  to  the  northern 
division  of  the  semicircle ;  if  south,  to  the 
southern  part  of  it. 

These  adjustments  being  made,  take  the 
difference  between  the  right  ascension  of  the 
sun  and  the  body  to  be  observed,  and  if  the 
right  ascension  of  the  body  be  greater  than  that 
of  the  sun,  subtract  the  difference  from  the 
time  of  observation ;  if  not,  add  to  the  time 
of  observation.*  The  remainder  in  one  case, 
or  the  sum  in  the  other,  will  be  the  hour  and 
minute  to  which  the  nonius  on  the  equatorial 
circle  is  to  be  set ;  which  being  done,  the  tele- 
scope will  point  to  the  star  or  planet  to  whose 
declination  the  instrument  is  adjusted.  When 
the  heavenly  body  is  thus  found,  it  may  be 
followed,  in  its  diurnal  course,  for  hours,  or  as 
long  as  it  remains  above  the  horizon ;  for  as 
the  diurnal  motion  of  a  star  is  parallel  to  the 
equator,  the  motion  of  the  telescope  on  the 
equatorial  circle  will  always  be  in  the  star's 
diurnal  arc ;  and  should  it  have  left  the  field 
of  the  telescope  for  any  considerable  time,  it 
may  be  again  recovered  by  moving  the  tele- 
scope onward  according  to  the  time  which 
elapsed  since  it  was  visible  in  the  field  of  view. 
We  may  illustrate  what  has  been  now  stated 
by  an  example  or  two :  Suppose,  on  the  30th 
of  April,  1841,  at  1  o'clock  p.m.,  we  wished  to 
see  the  star  Aldeharan :  the  right  ascension 
of  this  star  is  4*^  27'",  and  the  sun's  right  as- 
cension for  that  day  at  noon,  as  found  in 
"  White's  Ephemeris"  or  the  "  Nautical  Al- 
manac," is  2h  30'" ;  subtract  this  last  number 
from  4^  27"^,  and  the  remainder  1^  57"',  shows 
that  the  star  comes  to  the  meridian  on  that 
day  at  57  minutes  past  I  o'clock  p.m.  ;  and 
as  the  time  of  observation  is  1  p.m.,  the  nonius 
which  moves  on  the  equatorial  circle  must  be 
set  to  three  minutes  past  XI.  as  the  star  is  at 
that  hour  57  minutes  from  the  meridian.  The 
declination  of  Aldeharan  is  16°  11^  north,  to 
which  point  on  the  semicircle  of  decHnation 

*  Or  find  the  sun's  right  ascension  for  the  given 
day;  subtract  this  from  the  star  or  planet's  right 
ascension,  and  the  remainder  is  the  approximate 
time  of  the  star's  coming  to  the  meridian.  The 
difference  between  this  time  and  the  time  of  obser- 
vation will  then  determine  the  point  to  which  the 
telescope  is  to  be  directed. 
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the  telescope  must  be  adjusted,  and  then  th^ 
star  will  be  visible  in  the  field  of  view.  Again : 
suppose  we  wished  to  observe  the  planet  Venus 
on  the  1st  of  January,  1842,  at  12  o'clock 
noon :  the  sun's  right  ascension  on  that  day  is 
18^'  46'",  and  that  of  Venus  17"  41'",  from 
which  the  sun's  right  ascension  being  sub- 
tracted, the  remainder  is  22''  SS'",  or  55  mi- 
nutes past  10  A.M.  Here,  as  the  right  ascen- 
sion of  Venus  is  too  small  to  have  the  sun's 
right  ascension  taken  from  it,  we  borrow  24 
hours,  and  reckon  the  remainder  from  XII.  at 
noon.  As  the  planet  at  12  noon  is  one  hour 
and  five  minutes  past  the  meridian,  the  nonius 
on  the  equatorial  circle  must  be  set  to  that 
point,  and  the  telescope  adjusted  to  23°  6'  of 
south  declination,  which  is  the  declination  of 
Venus  for  that  day,  when  this  planet  will  ap- 
pear in  the  field  of  view. 

Observation  on  the  Fixed  Stars  and  Planets^ 
made  in  the  Daytime  by  the  Equatorial. 
For  the  purpose  of  illustrating  the  descrip- 
tions now  given,  and  for  affording  some  in- 
formation respecting  celestial  day  observa- 
tions, I  shall  select  a  few  of  the  observations 
above  alluded  to,  which  I  formerly  published 
in  Nicholson's  Journal,  along  with  a  few 
others  which  have  been  since  made.  These 
observations  were  made  with  a  view  to  de- 
termine the  following  particulars :  1.  What 
stars  and  planets  may  be  conveniently  seen 
in  the  daytime  when  the  sun  is  above  the 
horizon  ?  2.  What  degrees  of  magnifying 
power  are  requisite  for  distinguishing  them  1 
3.  How  near  their  conjunction  with  the  sun 
they  may  be  seen?  and,  4.  Whether  the  di- 
minution of  the  aperture  of  the  object-glass  of 
the  telescope,  or  the  increase  of  magnifying 
power,  conduces  most  to  render  a  star  or  a 
planet  visible  in  daylight.  Having  never  seen 
such  observations  recorded  in  books  of  astro- 
nomy or  in  scientific  journals,  I  was  induced 
to  continue  them,  almost  every  clear  day,  for 
nearly  a  year,  in  order  to  determine  the  points 
now  specified.  Some  of  the  results  are  stated 
in  the  following  pages. 

Observations  on  Fixed  Stars  of  the  first 
Magnitude, — April  23, 1813,  at  10^  le*"  a.m., 
the  sun  being  h\  hours  above  the  horizon,  saw 
tho  star  Yega^  or  a  Lyrse,  veiy  distinctly  with 
a  power  of  30  times.  Having  contracted  the 
aperture  of  the  object-glass  to  y^gths  of  an 
inch,  saw  it  on  a  darker  ground,  but  not  more 
plainly  than  before.  Having  contracted  the 
aperture  still  further  to  half  an  inch,  I  per- 
ceived the  star,  but  not  so  distinctly  as  beforcc 
The  sky  being  very  clear,  and  the  star  in  a 
a  quarter  of  the  heavens  nearly  opposite  to  the 
sun,  I  diminished  the  magnifying  power  to 
15,  and  could  still  perceive  the  star,  but  in- 
distinctly ;   it  was  just  perceptible.     August 
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S3,  at  O'^  12"^  P.M.,  saw  the  star 
a  Aurigx,  with  a,  power  of  60,  and  immediately 
afterward  with  a  power  of  30,  the  aperture 
undiminished.  With  this  last  power  it  ap- 
peared extremely  distinct,  but  not  so  brilliant 
and  splendid  as  with  the  former  power.  Having 
diminished  the  aperture  to  j^^ths  of  an  inch, 
it  appeared  on  a  darker  ground,  though  in  the 
former  case  it  was  equally  perceptible.  A 
few  minutes  afterward,  could  distinguish  it 
with  a  power  of  15,  the  aperture  being  con- 
tracted to  half  an  inch.  It  appeared  very 
small ;  it  was  with  difficulty  the  eye  could 
fix  upon  it  in  the  field  of  the  telescope ;  but 
when  it  was  once  perceived,  its  motion  across 
the  field  of  view  could  be  readily  followed.  It 
could  not  be  perceived  when  the  diminished 
aperture  was  removed.  The  sun  was  then 
shining  in  meridian  splendour. 

August  10th,  9^  30'"  A.M.,  saw  the  star 
Sirius  with  a  power  of  60,  the  aperture  con- 
tracted to  j^()-ths  of  an  inch ;  saw  it  likewise 
when  the  aperture  was  diminished  to  half  an 
inch,  but  not  so  distinctly  as  through  the  aper- 
ture of  y^Qths  of  an  inch.  Having  put  on  a 
power  of  30,  could  distinguish  it  distinctly 
enough  through  each  of  the  former  apertures, 
and  hkewise  when  they  were  removed,  but 
somewhat  more  distinctly  with  the  apertures 
of  nine-tenths  and  an  half  inch  than  without 
them.  At  this  time  the  star  was  2''  42"^  in  time 
of  right  ascension  west  of  the  sun,  having  an 
elevation  above  the  horizon  of  about  17°  10', 
the  sun  shining  bright,  and  the  sky  very  much 
enlightened  in  that  quarter  of  the  heavens 
where  the  star  appeared.  There  was  also  a 
considerable  undulation  of  the  air,  which  is 
generally  the  case  in  the  hot  mornings  of 
summer,  which  renders  a  star  more  difficult 
to  be  perceived  than  in  the  afternoon,  especi- 
ally when  it  is  viewed  at  a  low  altitude.  June 
4th,  1*^  30"'  P.M.,  saw  Sirius  with  a  power  of 
30  with  great  distinctness,  trie  aperture  not 
contracted.  The  star  was  then  within  1 ''  50'"  in 
time  of  right  ascension  east  from  the  sun. 
August  24tii,  9^'  5"' A.M.,  saw  the  star  Frocyon, 
a  Cams  Minor-is,  distinctly  with  a  power  of 
60,  the  aperture  not  contracted.  When  di- 
minished to  j-^(5-ths  of  an  inch,  it  appeared 
rather  more  distinct,  as  the  ground  on  which 
It  was  seen  was  darker.  With  a  power  of 
30,  and  the  aperture  contracted  to  y^^ths  of 
an  inch,  could  perceive  it,  but  somewhat  in- 
di?stinctly.  When  the  equatorial  motion  was 
performed  in  order  to  keep  it  in  the  field  of 
view,  it  was  some  time  before  the  eye  could 
again  fix  upon  it.  When  the  aperture  was 
diminished  to  half  an  inch,  it  could  not  be 
perceived.  Saw  it  when  both  the  apertures 
were  removed,  but  rather  more  distinctly  with 
the  aperture  of  y^gths  of  an  inch.  The  dif- 
erence  m  the  result  of  this  observation  fro»^ 
111 


that  of  Capella  above  stated  was  owing  to  the 
star's  proximity  to  the  sun,  and  the  conse- 
quent illumination  of  the  sky  in  that  quarter 
where  it  appeared.  Its  difference  in  right 
ascension  from  that  of  the  sun  was  then  about 
2h  5m  Qf  time,  and  its  difiference  of  declination 
about  4°  50^*  This  star  may  be  considered 
as  one  of  those  which  rank  between  the  first 
and  second  magnitudes. 

Similar  observations  to  the  above  were  made 
and  frequently  repeated  on  the  stars  Rigel, 
Aldebaran,  Betelguese,  Cor  Leonis,  and  other 
stars  of  the  first  magnitude,  which  gave  nearly 
the  same  results.  The  stars  Altares  and 
Fomalhaut  are  not  so  easily  distinguished,  on 
account  of  their  great  southern  declination, 
and  consequent  low  elevation  above  the  hori- 
zon. The  following  observation  on  Arcturiis 
may  be  added.  June  3d,  observed  Arcturus 
very  distinctly  a  little  before  seven  in  the 
evening, — the  sun  being  about  1^  40"^  above 
the  horizon,  and  shining  bright — with  a  power 
of  15,  the  aperture  not  contracted.  It  ap- 
peared very  small,  but  distinct.  This  star  is 
easily  distinguishable  at  any  time  of  the  day 
with  a  power  of  30. 

Observations  on  Stars  of  the  Second  Mag- 
nitude.— May  5,  1813,  at  611  p.m.,  the  sun 
being  an  hour  and  three-quarters  above  the 
horizon,  saw  Alphard,  or  a  Hydras,  a  star  of 
the  second  magnitude,  with  a  power  of  60, 
the  aperture  diminished  to  y^^ths  of  an  inch. 
A  few  minutes  afterward  could  perceive  it, 
but  indistinctly,  with  a  power  of  30,  the  aper- 
ture contracted  as  above.  It  could  not  be 
seen  very  distinctly  with  this  power  till  about 
half  an  hour  before  sunset.  It  was  then  seen 
rather  more  distinctly  when  the  aperture  was 
contracted  than  without  the  contraction.  May 
7th,  saw  the  star  Deneb,  or  |3  Leonis^  dis- 
tinctly with  a  power  of  60,  about  an  hour  and 
a  half  before  sunset.  August  20th,  saw  Ras 
Alhague,  or  a  Ophiuchi,  at  4^  40"^  p.m.,  with 
a  power  of  100,  the  sun  being  nearly  three 
hours  above  the  horizon,  and  shining  bright. 
Perceived  it  about  an  hour  afterward  with  a 
power  of  60,  with  the  aperture  contracted  to 
y^^ths  of  an  inch,  and  also  when  this  contrac- 
tion was  removed.  The  star  was  seen  nearly 
as  distinctly  in  the  last  case  as  in  the  first. 
August  27,  5''  P.M.,  the  same  star  appeared 


*  The  right  ascensions,  declinations,  longi- 
tudes, «fec.,  stated  in  these  memoranda,  which 
were  noted  at  the  time  of  observation,  are  only 
approximations  to  the  truth,  perfect  accuracy  in 
these  respects  being  of  no  importance  in  such  ob- 
servations. They  are,  however,  in  general,  within 
a  minute  or  two  of  the  truth.  The  times  of  the  ob- 
servations, too,  are  noted  in  reference,  not  to  the 
astronomical,  but  to  the  civil  day.  The  astronO' 
mical  day  commences  at  12  noon,  and  the  hours 
are  reckoned,  without  interruption,  to  the  follow- 
ing noon.  The  civil  day  commences  at  J2  raid- 
night. 
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qmte  distinct  witli  a  po\^er  of  60,  the  aperture 
not  contracted.  It  did  not  appear  more  dis- 
tinct when  the  aperture  was  contracted  to 
j9jtlis!  of  an  inch.  The  sun  was  then  more 
than  two  hours  above  the  horizon.  August 
28th,  saw  the  star  Pollux  or,  3  Gemini,  two 
hours  after  sunrise,  with  a  power  of  60,  aper- 
ture undiminished.  November  12th,  1^  30' 
P.M.,  saw  the  star  Altair,  or  a  Aquilse,  with 
an  8^  inch  telescope,  one  inch  aperture,  carry- 
ing a  power  of  45,  the  aperture  not  contracted. 
Having  contracted  the  aperture  a  httle,  it  ap- 
peared somewhat  less  distinct.  This  star  is 
reckoned  by  some  to  belong  to  the  class  of 
stars  of  the  first  magnitude,  but  in  Whitens 
"  Ephemeris"  and  other  Almanacs  it  is  gener- 
ally marked  as  being  of  the  second  magnitude. 
It  forms  a  kind  of  medium  between  stars  of 
of  the  first  and  second  magnitude. 

Similar  observations,  giving  the  same  re- 
sults, were  made  on  the  stars  Bellatrix,  Orion's 
Girdle,  ct.  Andromedae,  a  Pegasi,  Alioth,  Benet- 
nach.  North  Crown,  or  a  Coronse  Borealis, 
and  various  other  stars  of  the  same  magnitude. 

From  the  above  and  several  hundreds  of 
similar  observations,  the  following  condusions 
are  deduced: 

1.  That  a  magnifying  power  of  30  times  is 
sufBcient  for  distinguishing  a  fixed  star  of  the 
first  magnitude,  even  at  noonday,  at  any  sea- 
son of  the  year,  provided  it  have  a  moderate 
degree  of  elevation  above  the  horizon,  and  be 
not  within  30°  or  40°  of  the  sun's  body; 
also,  that  by  a  magnifying  power  of  15,.  a  star 
of  this  class  may  be  distinguished  when  the 
sun  is  not  more  than  an  hour  and  a  half 
above  the  horizon ;  but,  in  every  case,  higher 
powers  are  to  be  preferred.  Powers  of  45  or 
60,  particularly  the  last,  were  found  to  answer 
best  in  most  cases,  as  with  such  powers  the 
eye  could  fix  on  the  star  with  ease  as  soon  as 
it  entered  the  field  of  the  telescope. 

2.  That  most  of  the  stars  of  the  second 
magnitude  may  be  seen  with  a  power  of  60 
when  the  sun  is  not  much  more  than  two 
hours  above  the  horizon ;  and,  at  any  time  of 
the  day,  the  brightest  stars  of  this  class  may 
be  seen  with  a  power  of  100  when  the  sky  is 
serene,  and  the  star  not  too  near  the  quarter 
in  which  the  sun  appears. 

3.  That,  in  every  instance,  an  increase  of 
magnifying  power  has  the  principal  effect  in 
rendering  a  star  easily  perceptible ;  that  dimi- 
nution of  aperture,  in  most  cases,  produces  a 
very  slight  eflfect — in  some  cases,  none  at  all ; 
and,  when  the  aperture  is  contracted  beyond 
a  certain  limit,  it  produces  a  hurtful  effect. 
The  cases  in  which  a  moderate  contraction  is 
useful  are  the  two  following:  1.  When  the 
star  appears  in  a  bright  part  of  the  sky,  not 
far  from  that  quarter  in  which  the  sun  appears. 
^.  'When  an  object-glass  of  a  large  aperture 
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and  a  small  degree  of  magnifying  power  m 
used.  In  almost  every  instance,  the  contrac- 
tion of  the  object-glass  of  the  8J  inch  tele- 
scope with  a  power  of  45  had  a  hurtful  effect ; 
but  when  the  20  inch  telescope  carried  a  powef 
of  only  15,  the  contraction  served  lo  render 
the  object  more  perceptible. 

Observations  on  the  Planets  made  in  the 
Daytime. 

Some  of  the  planets  are  not  so  easily  Jis» 
tinguished  in  the  daytime  as  the  fixed  stars 
of  the  first  magnitude.  The  one  which  is 
most  easily  distinguished  at  all  times  is  the 
planet  Venus. 

1.  Ohservations  on  Venus. — My  observa- 
tions on  this  planet  commenced  about  the  end 
of  August,  1812,  about  three  or  four  weeks 
after  its  inferior  conjunction.  About  that 
period,  between  ten  and  eleven  in  the  fore- 
noon, with  a  power  of  45,  it  appeared  as  a 
beautiful  crescent,  quite  distinct  and  well  de- 
fined, with  a  lustre  similar  to  that  of  the  moon 
about  sunset,  but  of  a  whiter  colour.  The 
view  of  its  surface  and  phase  was  fully  more 
distinct  and  satisfactory  than  what  is  obtained 
in  the  evening  after  sunset;  for,  being  at  a 
high  elevation,  the  undulation  near  the  hori- 
zon did  not  affect  the  distinctness  of  vision. 
The  planet  was  then  very  distinctly  seen  with 
a  power  of  seven  times,  when  it  appeared  hke 
a  star  of  the  first  or  second  magnitude.  I 
traced  the  variation  of  its  phases  almost  every 
clear  day  till  the  month  of  May,  1813.  As 
at  that  time  it  was  not  far  from  its  superior 
conjunction  with  the  sun,  I  wished  to  ascer- 
tain how  near  its  conjunction  with  that  lumi- 
nary it  might  be  seen,  and  particularly  whether 
it  might  not  be  possible,  in  certain  cases,  to 
see  it  at  the  moment  of  its  conjunction. 

The  expressions  of  all  astronomical  writers 
previous  to  this  period,  when  describing  the 
phases  of  Venus,  either  directly  assert,  or  at 
feast  imply,  that  it  is  impossible  to  see  that 
planet,  in  any  instance,  at  the  time  of  its 
superior  conjunction.  This  is  the  language 
of  Dr.  Long,  Dr.  Gregory,  Dr.  Brewster,  Fer 
guson,  Adams,  B.  Martin,  and  most  other 
writers  on  the  science  of  Astronomy.  Plow 
far  such  language  is  correct  will  appear  from 
the  following  observations  and  remarks. 

April  24,  1813,  10^  50^  a.m.,  observed 
Venus  with  a  power  of  30,  the  aperture  not 
contracted.  She  was  then  about  31  minutes 
of  time  in  right  ascension  distant  from  the 
sun,  their  difference  of  declination  3°  59''. 
She  appeared  distinct  and  well  defined.  With 
a  power  of  100,  could  distinguish  her  gibbous 
phase.  May  1st,  lO^^  20'"  a.m.,  viewed  thia 
planet  with  a  power  of  60,  the  aperture  not 
contracted.  It  appeared  distinct.  Saw  it  about 
the  same  time  with  a  power  of  15,  the  apeilure 
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feing  contracted  to  /q  tlis  of  an  inch.  Having 
contracted  the  aperture  to  half  an  inch,  saw  it 
more  distinctly.  When  the  contracted  aper- 
tures were  removed,  the  planet  could  with 
difficulty  be  distinguished,  on  account  of  the 
direct  rays  of  the  sun  striking  on  the  inside 
of  the  tube  of  the  telescope.  The  sun  was 
shining  bright,  and  the  planet  about  25''  of 
time  in  R.  A.  west  of  his  centre,  their  differ- 
ence of  declination  being  3°  7'.  May  7th, 
lO'^  A.M.,  saw  Venus  distinctly  with  a  power 
of  60,  the  sun  shining  bright.  It  was  then 
about  19  of  time  in  R  A.,  and  4°  27'  in 
longitude  west  of  the  sun,  their  difference  of 
declination  being  3°  18^  I  found  a  diminu- 
tion of  aperture  particularly  useful  when  view- 
ing the  planet  at  this  time,  even  when  the 
higher  powers  were  applied.  This  was  the 
last  observation  I  had  an  opportunity  of  making 
prior  to  the  conjunction  of  Venus  with  the 
sun,  which  happened  on  May  25th,  at  9''  3'" 
A.M.  Its  geocentric  latitude  at  that  time  being 
about  16''  south,  the  planet  must  have  passed 
almost  close  by  the  sun's  southern  limb. 
Cloudy  weather  for  nearly  a  month  after  the 
last  observation  prevented  any  further  views 
of  the  planet,  when  it  was  in  that  part  of  the 
heavens  which  was  within  the  rahge  of  the 
instrument.  The  first  day  that  proved  favour- 
able after  it  had  passed  the  superior  conjunc- 
tion was  June  5th.  The  following  is  the 
memorandum  of  the  observation  then  taken : 

June  5th,  9-'  A.ivr.,  adjusted  the  equatorial 
telescope  for  viewing  the  planet  Venus,  but  it 
could  not  be  perceived  on  account  of  the 
direct  rays  of  the  sun  entering  the  tube  of  the 
telescope.  I  contrived  an  apparatus  for  screen- 
ing his  rays,  but  could  not  get  it  conveniently 
to  move  along  with  the  telescope,  and  there- 
fore determined  to  wait  till  past  eleven,  when 
the  top  of  the  window  of  the  place  of  observa- 
tion would  intercept  the  solar  rays.  At  ll'^ 
20""  A.M.,  just  as  the  sun  had  passed  the  line 
of  sight  from  the  eye  to  the  top  of  the  window, 
and  his  body  was  eclipsed  by  it,  I  was  gratified 
with  a  tolerably  distinct  view  of  the  planet, 
with  a  power  of  60,  the  aperture  being  con- 
tracted to  /jths  of  an  inch.  This  distinctness 
increased  as  the  sun  retired,  till,  in  two  or 
three  minutes,  the  planet  appeared  perfectly 
well  defined.  Saw  it  immediately  afterward 
with  a  power  of  30,  the  aperture  contracted 
as  before.  Saw  it  also  quite  distinctly  with  a 
power  of  15;  but  it  could  not  be  distinguished 
with  this  power  when  the  contracted  aperture 
was  removed.  At  this  time  Venus  was  just 
3°  in  longitude,  or  about  13'  in  time  of  R.  A. 
east  of  the  sun's  centre,  and  of  course  only 
about  2jth  degrees  from  his  eastern  limb ;  the 
iiiflference  of  their  declination  being  27',  and 
the  planet's  latitude  11'  north. 

Several  years  afterward  I  obtained  views 


of  this  planet  when  considerably  nearer  the 
sun's  margin  than  as  stated  in  the  above 
observation,  paiticularly  on  the  16th  of  Octo- 
ber, 1819,  kt  which  time  Venus  was  seen 
when  only  six  days  and  nineteen  hours  past 
the  time  of  the  superior  conjunction.  At 
that  time  its  distance  from  the  sun's  eastern 
limb  was  only  1°  28'  42".  A  subsequent  ob- 
servation proved  that  Venus  can  be  sieen  when 
only  1°  27'  from  the  sun's  margin,  which  I 
consider  as  approximating  to  the  nearest  dis- 
tance from  the  sun  at  which  this  planet  is 
diotinctly  visible.  I  shall  only  state  further 
the  two  or  three  following  observations. 

June  7th,  1813,  10^  a.m.,  saw  Venus  with 
a  power  of  60,  the  aperture  being  contracted 
to  y^yths  of  an  inch,  the  direct  rays  of  the 
sun  not  being  intercepted  by  the  top  of  the 
window.  The  aperture  having  been  further 
contracted  to  half  an  inch,  could  perceive  her, 
but  not  quite  so  distinctly.  When  the  con- 
tractions were  removed,  she  could  scarcely  be 
seen.  She  was  then  3°  33'  in  longitude,  and 
nearly  15  minutes  in  time  of  R.  A.  distant 
from  the  sun's  centre.  Some  fleeces  of  clouds 
having  moved  across  the  field  of  view,  she 
was  seen  remarkably  distinct  in  the  inter- 
stices, the  sun  at  the  same  time  being  partly 
obscured  by  them.  August  19th,  1''  10™  p.m., 
viewed  Venus  with  a  magnifying  power  of 
100.  Could  perceive  her  surface  and  gibbous 
phase  almost  as  distinctly  as  when  the  sun 
is  below  the  horizon.  She  appeared  bright, 
steady  in  her  light,  and  well  defined,  without 
that  glare  and  tremulous  appearance  she  ex- 
hibits in  the  evening  when  near  the  horizon. 
She  was  then  nearly  on  the  meridian.  On 
the  whole,  such  a  view  of  this  planet  is  as 
satisfactory,  if  not  preferable,  to  those  views 
we  obtain  with  an  ordinary  telescope  in  the 
evening,  when  it  is  visible  to  the  naked  eye. 

All  the  particulars  above  stated  have  been 
confirmed  by  many  subsequent  observations 
continued  throughout  a  series  of  years.  I 
shall  state  only  two  recent  observations,  which 
show  that  Venus  may  be  seen  somewhat 
nearer  the  sun  than  what  is  deduced  from  the 
preceding  observations,  and  at  the  point  of  its 
superior  conjunction.  March  10th,  1842,  ob- 
served the  planet  Venus,  then  very  near  the 
sun,  at  19  minutes  past  11  a.m.  It  had 
passed  the  point  of  its  superior  conjunction 
with  the  sun  on  the  5th  of  March,  at  1^  19ra 
P.M.  The  difference  of  right  ascension  be- 
tween the  sun  and  the  planet  was  then  about 
6|  minutes  of  time,  or  about  1°  37g',  and  it 
was  only  about  1°  21'  distant  from  the  sun's 
eastern  limb.  It  appeared  quite  distinct  and 
well  defined,  and  might  perhaps  have  been 
seen  on  the  preceding  day,  had  the  observa- 
tion been  then  made.  The  following  obser- 
vation shows  that  Venus  may  be  seen  siill 
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nearer  the  sun  than  in  the  preceding  observa- 
tions, and  even  at  the  7nomC7it  of  its  superior 
conjunction.  On  the  2d  of  October,  1843, 
this  planet  passed  the  point  of  its  superior 
conjunction  with  the  sun  at  4^^  15'"  p.m.  At 
two  o'clock  P.M.,  only  two  hours  before  the 
conjunction,  I  perceived  the  planet  distinctly, 
and  kept  it  in  view  for  nearly  ten  minutes, 
till  some  dense  clouds  intercepted  the  view. 
It  appeared  tolerably  distinct  and  well  defined, 
though  not  brilliant,  and  with  a  round,  full 
face,  and  its  apparent  path  was  distinctly 
traced  several  times  across  the  field  of  view  of 
the  telescope.  I  perceived  it  afterward,  about 
half  past  four  p.m.,  only  a  few  minutes  after 
it  had  passed  the  point  of  conjunction,  on 
which  occasion  it  appeared  less  distinct  than 
in  the  preceding  observation,  owing  to  the 
low  altitude  of  the  planet,  being  then  only  a 
few  degrees  above  the  horizon.  The  obser- 
vations, ill  this  instance,  were  made,  not  with 
an  equatorial  instrument,  which  I  generally 
use  in  such  observations,  but  with  a  good 
achromatic  telescope  of  44^  inches  focal  dis- 
tance, mounted  on  a  common  tripod,  with  a 
terrestrial  power  of  95  times.  A  conical  tube 
about  ten  inches  long  was  fixed  on  the  ob- 
ject-end of  the  telescope,  at  the  extremity  of 
which  an  aperture  1^  inches  in  diameter  was 
placed,  so  as  to  intercept,  as  much  as  possible, 
the  direct  ingress  of  the  solar  rays.  The  top 
of  the  upper  sash  of  the  window  of  the  place 
of  observation  was  likewise  so  adjusted  as  to 
intercept  the  greater  part  of  the  sun's  rays 
from  entering  the  tube  of  the  telescope.  The 
sun's  declination  at  that  time  was  3°  26' 
south,  and  that  of  Venus  3°  12'  south;  con- 
sequently, the  difference  of  declination  was 
1°  14'  =  the  distance  of  Venus  from  the 
sun's  centre ;  and  as  the  sun's  diameter  was 
about  16',  Venus  was  then  only  58'  from  the 
sun's  northern  limb,  or  6'  less  than  two  diam- 
eters of  the  sun. 

This  is  the  nearest  approximation  to  the 
sun  at  which  I  have  ever  beheld  this  planet, 
and  it  demonstrates  that  Venus  may  be  seen 
even  within  a  degree  of  the  sun's  margin ; 
and  it  is,  perhaps,  the  nearest  position  to  that 
himinary  in  which  this  planet  can  be  dis- 
tmctly  perceived.  It  shows  that  the  light  re- 
flected from  the  surface  of  Venus  is  far  more 
brilliant  than  that  reflected  from  the  surface 
of  our  moon  ;  for  no  trace  of  this  nocturnal 
luminary  can  be  perceived,  even  when  at  a 
much  greater  distance  from  the  sun,  nor  is 
there  any  other  celestial  body  that  can  be 
seen  within  the  hmit  now  stated.  This  is  the 
first  observation,  so  far  as  my  information  ex- 
tends, of  Venus  having  been  seen  at  the  time 
of  her  superior  conjunction.* 

»  This  observation  is  inserted  in  the  "  Edinburgh 
Philosophisal  Journal"  for  January,  1844. 
(884) 


The  practical  conclusion  from  this  obser?g- 
tion  is,  that  at  the  superior  conjunction  of 
this  planet,  when  its  distance  from  the  sun's 
margin  is  not  less  than  58',  its  polar  an& 
equatorial  diameter  may  be  measured  by  a 
micrometer,  when  it  will  be  determined  whe- 
ther or  not  Venus  be  of  a  spheroidal  figure. 
The  Earth,  Mars,  Jupiter,  and  Saturn  are 
found  to  be,  not  spheres,  but  spheroids,  having 
their  polar  shorter  than  their  equatorial  diam- 
eters. But  the  true  figure  of  Venus  has 
never  yet  been  ascertained,  because  it  is  only 
at  the  superior  conjunction  that  she  presents 
a  fiill,  enlightened  hemisphere,  and  when 
both  diameters  can  be  measured,  except  at 
the  time  when  she  transits  the  sun's  disk, 
which  happens  only  twice  in  the  course  of 
120  years.f 

I  The  late  Dr.  Benjamin  Martin,  when  describ- 
ing the  nature  of  the  solar  telescope,  in  his  "  Phi- 
losophia  Britannica,"  vol.  iii.  p.  85,  gives  the 
following  relation  :  "  I  cannot  here  omit  to  men- 
tion a  very  wmistial  plienomenon  that  1  observed 
about  ten  years  ago  in  my  darkened  room.  The 
window  looked  towards  the  west,  and  the  spire 
of  Chichester  Cathedral  was  before  it  at  the  dis- 
tance of  50  or  60  yards.  I  used  very  often  to  divert 
myself  by  observing  the  pleasant  manner  in  which 
the  sun  passed  behind  the  spire,  and  was  eclipsed 
by  it  for  some  time  ;  for  the  image  of  the  sun  and 
of  the  spire  were  very  large,  being  made  by  a  lens 
of  12  feet  focal  distance  ;  and  once,  as  1  observed 
the  occultation  of  the  sun  behind  the  spire,  just  as 
the  disk  disappeared,  I  saw  several  small,  bright, 
round  bodies  or  balls  running  towards  the  sun 
from  the  dark  part  of  the  room,  even  to  the  dis- 
tance of  20  inches.  ^  I  observed  their  motion  vi^as 
a  little  irregular,  but  "rectilinear,  and  seemed  ac- 
celerated as  they  approached  the  sun.  These  lu- 
minous globules  appeared  also  on  the  other  side 
of  the  spire,  and  preceded  the  sun,  running  out 
into  the  dark  room,  sometimes^  more,  sometimes 
less,  together,  in  the  same  manner  as  they  follow- 
ed the  sun  at  its  occultation.  They  appeared  to 
be,  in  general,  one-twentieth  of  an  inch  in  diame- 
ter, and  therefore  must  be  very  large,  luminous 
globes  in  some  part  of  the  heavens,  whose  light 
was  extinguished  by  that  of  the  sun,  so  that  they 
appeared  not  in  open  daylight;  but  whether  of 
the  meteor  kind,  or  what  sort  of  bodies  they 
might  be,  I  could  not  conjecture."  Professor 
Hansteen  mentions  that,  when  employed  in  mea- 
suring the  zenith  distances  of  the  pole  star,  he  ob- 
served a  somewhat  similar  phenomenon,  which 
he  described  as  *'  a  luminous  body  which  passed 
over  the  field  of  the  universal  telescope  ;  that  its 
motion  was  neither  perfectly  equal  nor  rectilinear, 
but  resembled  very  much  the  unequal  and  some- 
what serpentine  motion  of  an  ascending  rocket ;" 
and  he  concluded  that  it  must  have  been  "  a  me- 
teor" or  "shooting  star"  descending  from  the 
higher  regions  of  the  atmosphere.  (See  Edinburgh 
PhilosophicaJ  Journal  for  April,  1825,  No.  xxiv.) 

In  my  frequent  observations  on  Venus,  to  deter- 
mine the  nearest  positions  to  the  sun  in  which 
that  planet  could  be  seen,  I  had  several  times  an 
opportunity  of  witnessing  similar  phenomena.  I 
was  not  a  little  surprised,  when  searching  for  the 
planet,  frequently  to  perceive  a  body  pass  across 
the  field  of  the  telescope,  apparently  of  the  same 
size  as  Venus,  though  sometimes  larger  and  some- 
times smaller,  so  that  I  frequently  mistook  that 
body  for  the  planet,  till  its  rapid  motion  unde- 
ceived me.  In  several  instances/owr  or  jive  of 
these  bodies  appeared  to  cross  the  field  of  view, 
sometimes  in  a  perpendicular,  and  at  other  times 
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Tlie  following  conclusions  are  deduced 
iTom  the  observations  on  Venus: 

1.  That  this  planet  maybe  seen  distinctly, 
with  a  moderate  degree  of  magnifying  power, 
ai  the  moment  of  its  superior  conjunction 
with  the  sun,  when  its  geocentric  latitude, 
either  north  or  south,  at  the  time  of  conjunc- 
tion, is  not  less  than  1*^  14',  or  when  the 
planet  is  about  58'  from  the  sun's  limb.  This 
conclusion  is  deduced  from  the  observation  of 
October  2,  1843,*  stated  above. 

2.  Another  conclusion  is,  that  during  the 
space  of  583  days,  or  about  19  months — 'the 
time  this  planet  takes  in  moving  from  one 
conjunction  with  the  sun  to  a  like  conjunction 
again — when  its  latitude  at  the  time  of  its 
superior  conjunction  exceeds  1°  14',  it  may 


be  seen  with  an  equatorial  telescope  every 
clear  day  without  interruption,  except  about 
the  period  of  its  inferior  conjunction,  when 
its  dark  hemisphere  is  turned  towards  the 
earth,  and  a  short  time  before  and  after  it<, 
When  its  geocentric  latitude  is  less  than  1^ 
14,' it  will  be  hid  only  about  four  days  before, 
and  the  same  time  after  its  superior  conjunc- 
tion. During  the  same  period  it  will  be  in- 
visible to  the  naked  eye,  and  consequently  no 
observations  can  be  made  upon  it  with  a 
common  telescope  for  nearly  six  months,  and 
sometimes  more,  according  as  its  declination 
is  north  or  south,  namely,  about  two  or  three 
months  before,  and  the  same  time  after  its 
superior  conjunction,  except  where  there  is  a 
very  free  and  unconfined  horizon.     In  regard 


in  a  horizontal  direction.  They  appeared  to  be 
luminous  bodies,  somewhat  resembling  the  ap- 
pearance of  a  planet  when  viewed  in  the  daytime 
with  a  moderate  magnifying  power.  Their  motion 
was  nearly  rectilinear,  but  sometimes  inclined  to 
a  waving  or  serpentine  form,  and  they  appeared 
So  move  with  considerable  rapidity — the  telescope 
toeing  furnished  with  a  power  of  about  70  times. 
I  was  for  a  considerable  time  at  a  loss  what  opi- 
nion to  form  of  tlie  nature  of  these  bodies  ;  but, 
having  occasion  to  continue  these  observations 
almost  every  clear  day  for  nearly  a  twelvemonth, 
I  had  frequent  opportunities  of  viewing  this  phe- 
nomenon in  different  aspects,  and  was  at  length 
enabled  to  form  an  opinion  as  to  the  cause  of  at 
least  some  of  the  appearances  which  presented 
themselves.  In  several  ^instances,  the  bodies 
alluded  to  appeared  much  larger  than  usual,  and 
to  move  witii  a  more  rapid  velocity  ;  in  which 
case  J  could  plainly  perceive  that  they  were  no- 
thing else  than  birds  of  different  sizes,  and  appa- 
rently at  different  distances,  the  convex  surface 
of  whose  bodies,  in  certain  positions,  strongly  re- 
flected the  solar  rays.  In  other  instances,  when 
they  appeared  smaller,  their  true  shape  was  un- 
distinguishable,  by  reason  of  their  motion  and 
their  distance. 

Having  inserted  a  few  remarks  on  this  subject 
in  No.  XXV,  of  the  Edinburgh  Philosophical  Jour- 
nal for  July,  1825,  particularly  in  reference  to 
Professor  Hansteen's  opinion,  that  article  came 
under  the  review  of  iVI.  8erres,  sub-prefect  of  Bm- 
brun,  in  a  paper  inserted  in  the  Amiales  de  Qhimie 
for  October,  1825,  entitled,  "Notices  regarding 
fiery  meteors  seen  during  the  day."  (See  Edin- 
burgh Philosophical  Journal  for  July,  1826,  p. 
114.)  In  the  discussion  of  this  subject,  iM,  Serres 
admits  that  the  light  reflected  very  obliquely  from 
the  feathers  of  a  bird  is  capable  of  producing  an 
effect  similar  to  that  which  I  have  now  described, 
but  that  "the  explanation  ought  not  to  be  general- 
ized.^' fie  remarks,  that  while  observing  the  sun 
at  the  repeating  circle,  he  frequently  perceived, 
even  through  the  coloured  glass„  adapted  to  the 
eyepiece,  large  luminous  points  which  traversed 
the  held  of  the  telescope,  and  which  appeared  too 
well  defined  not  to  admit  them  to  be  distant,  and 
subtended  too  large  angles  to  imagine  them  birds. 
In  illustration  of  this  subject,  he  states  the  follow- 
ing facts;  On  the  7th  of  September,  1820,  after 
having  observed  for  some  time  the  eclipse  of  the 
sun  which  happened  on  that  day,  he  intended  to 
take  a  walk  in  the  fields,  and  on  crossing  the  town, 
be  saw  a  numerous  group  of  individuals  of  every 
ag«  and  sex,  who  had  their  eyes  fixed  in  the  di- 
rection of  the  sun.  Further  on,  he  perceived  an- 
other group,  having  their  eyes  in  like  manner 
rairned  towards  the  sun.     He  questioned'^n  intel- 


ligent artist  who  was  among  them  to  learn  the 
object  that  fixed  his  attention.  He  replied,  "We 
are  looking  at  the  stars  which  are  detaching  them- 
selves from  the  sun."  "  You  may  look  yourselfi 
that  will  be  the  shortest  way  to  learn  the  fact." 
He  looked,  and  saw,  in  fact,  not  stars,  but  balls 
of  fire,  of  a  diameter  equal  to  the  largest  stars, 
which  were  projected  in  various  directions  from 
the  upper  hemisphere  of  the  sun,  with  an  incalcu- 
lable velocity  ;  and  although  this  velocity  of  pro- 
jection appeared  the  same  in  all,  yet  they  did  not 
all  attain  the  same  distance.  These  globes  were 
projected  at  unequal  and  pretty  short  intervals. 
Several  were  often  projected  at  once,  but  always 
diverging  from  one  another.  Some  of  them  de- 
scribed a  right  line,  and  were  extinguished  in  the 
distance  :  some  described  a  parabolic  line,  and 
were  in  like  manner  extirsguished ;  others,  again, 
after  having  removed  to  a  certain  distance  in  a 
right  line,  retrograded  upon  the  same  line,  and 
seemed  to  enter,  still  luminous,  into  the  sun's 
disk.  The  ground  of  this  magnificent  picture  was 
a  sky-blue,  somewhat  tinned  with  brown.  Such 
was  his  astonishment  at  the  sight  of  so  majestic  a 
spectacle,  that  it  was  impossible  for  him  to  keep 
his  eyes  off  it  till  it  ceased,  which  happened  gra- 
dually  as  the  eclipse  wore  off  and  the  solar  rays 
resumed  their  ordinary  lustre.  It  was  remarked 
by  one  of  the  crowd  that  "  the  sun  projected  most 
stars  at  the  time  when  it  was  palest;"  and  that 
the  circumstance  which  first  excited  attentiorfto 
this  phenomenon  was  that  of  a  woman,  who  cried 
out,"  Come  here!  come  and  see  the  flames  that 
are  issuing  from  the  sun  !" 

I  have  stated  the  above  facts  because  they  may 
afterward  tend  to  throw  light  upon  certain  objects 
or  phenomena  with  which  we  are  at  present  un- 
acquainted. The  phenomenon  of  "  falling  stars'* 
has  of  late  years  excited  considerable  attention, 
and  it  seems  now  to  be  admitted  that  at  least  cer- 
tain species  of  these  bodies  descend  from  regions 
far  beyond  the  limits  of  our  atmosphere.  This 
may  be  pronounced  as  certain  with  regard  to  the 
"November  Meteors."  May  not  some  of  the 
phenomena  described  above  be  connected  with 
the  fall  of  meteoric  stones— the  showers  of  falling 
stars  seen  on  the  I2th  and  13th  of  November,  or 
other  meteoric  phenomena  whose  causes  we  have 
hitherto  been  unable  to  explain?  Or,  may  we 
conceive  that  certain  celestial  bodies,  with  whose 
nature  and  destination  we  are  as  yet  unacquaint- 
ed, may  be  revolving  in  difTerent  courses  in  the 
regions  around  us,  some  of  them  opaque  and 
others  luminous,  and  whose  light  is  undistinguish- 
able  by  reason  of  the  solar  effulgence  ? 

*  For  an  explanation  of  the  manner  of  viewing 
Venus  at  her  superior  conjunction,  see  "  Celestial 
Scenery." 
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to  the  time  in  which  this  planet  can  be  hid 
about  the  period  of  its  inferior  conjunction,  I 
dave  ascertained  from  observation  that  it  can 
never  be  hid  longer  than  during  a  space  of  2 
days  22  hours,  having  seen  Venus,  about 
noon,  hke  a  fine,  slender  crescent,  only  35 
hours  after  she  had  passed  the  point  of  her 
inferior  conjunction ;  and  in  a  late  instance 
she  was  seen  when  little  more  than  a  day 
from  the  period  of  conjunction.  The  longest 
time,  therefore,  that  this  planet  can  be  hid 
from  view  during  a  period  of  583  days,  is  only 
about  ten  days ;  and  when  its  latitude  at  the 
time  of  the  superior  conjunction  equals  or  ex- 
ceeds 1°  14',  it  can  be  hid  little  more  than 
two  days.  This  is  a  circumstance  which  can- 
not be  affirmed  of  any  other  celestial  body, 
the  sun  only  excepted. 

3.  That  every  variation  of  the  phases  of 
this  planet,  from  a  slender  crescent  to  a  full, 
enlightened  hemisphere,  may,  on  every  clear 
day,  be  conveniently  exhibited  by  means  of 
the  equatorial  telescope.  This  circumstance 
renders  this  instrument  peculiarly  useful  in 
the  instruction  of  the  young  in  the  principles 
of  astronomy ;  for  if  the  phase  which  Venus 
should  exhibit  at  any  particular  time  be  known, 
the  equatorial  telescope  may  be  directed  to 
the  planet,  and  its  actual  phase  in  the  heavens 
be  immediately  exhibited  to  the  astronomical 
pupil. 

4.  Since  it  is  only  at  the  period  of  the 
superior  conjunction  that  this  planet  presents 
a  full,  enlightened  hemisphere,  and  since  it  is 
only  when  this  phase  is  presented  that  both 
its  diameters  can  be  measured,  it  is  of  some 
importance  that  observations  be  made  on  it  at 
the  moment  of  conjunction,  by  means  of 
powerful  telescopes  furnished  with  microme- 
ters, so  as  to  determine  the  difference  (if  any) 
between  its  polar  and  equatorial  diameters. 

5.  Another  conclusion  from  the  observa- 
tions on  Venus  is,  that  a  moderate  diminution 
of  the  aperture  of  the  object-glass  of  the  tele- 
scope is  useful,  and  even  necessary,  in  view- 
ing this  planet  when  near  the  sun.  Its  effect 
is  owing  in  part  to  the  direct  solar  rays  being 
thereby  effectually  excluded,  for  when  these 
rays  enter  directly  into  the  tube  of  the  tele- 
scope, it  is  very  difHcult,  and  almost  impossi- 
ble, to  perceive  this  planet,  or  any  other  ce- 
lestial body  when  in  the  vicinity  of  the  sun. 

Observations  on  Jupiter  and  other  Planets, 

This  planet  is  very  easily  distinguished  in 
the  daytime  with  a  very  moderate  magnify- 
ing power,  when  it  is  not  within  30°  or  35° 
of  the  sun.  The  following  extract  from  my 
memorandums  may  serve  as  a  specimen : 
May  12,  1813,  1''  40"^  pm.,  saw  Jupiter  with 
a  power  of  15  times,  the  aperture  not  con- 
tracted. The  planet  appeared  so  distinct 
(886) 


with  this  power  that  I  have  reason  to  belisvcs 
it  would  have  been  perceived  with  a  power 
of  six  or  seven  times.  When  the  aperture 
was  contracted  to  y^jths  of  an  inch,  and  after- 
ward to  half  an  inch,  there  was  little  percep- 
tible difference  in  its  appearance.  It  was 
then  about  58°  in  longitude  east  of  the  sun. 

Though  Jupiter,  when  at  a  considerable 
distance  from  the  sun,  and  near  his  opposition, 
appears  to  the  naked  eye  with  a  brillia.ncy 
nearly  equal  to  that  of  Venus,  yet  there  is  a  very 
striking  difference  between  them  in  respect 
of  lustre  when  viewed  in  daylight..  Jupiter, 
when  viewed  with  a  high  magnifying  power 
in  the  daytime,  always  exhibits  a  very  dull, 
cloudy  appearance,  whereas  Venus  appears 
with  a  moderate  degree  of  splendour.  About 
the  end  of  June,  1813,  between  five  and  six 
in  the  evening,  having  viewed  the  planet 
Venus,  then  within  20°  of  the  sun,  and  which 
appeared  with  a  moderate  degree  of  lustre,  1 
directed  the  telescope  to  Jupiter,  at  that  time 
more  than  32°  from  the  sun,  when  the  con- 
trast  between  the  two  planets  was  very  strik- 
ing, Jupiter  appearing  so  faint  as  to  be  just 
discernible,  though  his  apparent  magnitude 
was  nearly  double  that  of  Venus.  In  this 
observation  a  power  of  65  was  used.  In  his 
approach  towards  the  sun,  about  the  end  of 
July,  I  could  not  perceive  him  when  he -was 
within  16°  or  17°  of  his  conjunction  with 
that  luminary.  These  circumstances  furnish 
a  sensible  and  popular  proof  independently 
of  astronomical  calculations,  that  the  planet 
Jupiter  is  placed  at  a  much  greater  distance 
from  the  sun  than  Venus,  since  its  light  is 
so  faint  as  to  be  scarcely  perceptible  when 
more  than  20  degrees  from  the  sun,  while 
that  of  Venus  is  distinctly  seen  ami^  the  full 
splendour  of  the  solar  rays,  when  only  about 
a  degree  from  the  margin  of  that  luminary. 
With  a  power  of  65  I  have  been  enabled  to 
distinguish  the  belts  of  Jupiter  before  sunset, 
but  could  never  perceive  any  of  his  satellites 
till  the  sun  was  below  the  horizon.  There 
are  no  observations  which  so  sensibly  and 
strikingly  indicate  the  different  degrees  of  hght 
emitted  by  the  different  planets  as  those  m  hich 
are  made  in  the  daytime.  To  a  common  ob- 
server, during  night,  Jupiter  and  Venus  ap» 
pear,  in  a  clear  sky,  nearly  with  equal  bril- 
liancy, and  even  Mars,  when  about  the  point 
of  his  opposition  to  the  sun,  appears  with  a 
lustre  somewhat  similar,  though  tinged  with 
a  ruddy  hue ;  but  when  seen  in  daylight  their 
aspect  is  very  dissimilar.  This  circumstance 
evidently  indicates,  1.  That  these  planets  are 
placed  at  different  distances  from  the  sun,  and 
consequently  are  furnished  with  difTerent  de- 
grees of  light  proportional  to  the  square  of 
their  distances  from  that  luminary  ;  and,  %. 
That   there   are  certain  circumstances   con- 
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iiected  with  the  surfaces  and  atmospheres  of 
the  planetary  bodies  which  render  the  hght 
they  emit  more  or  less  intense,  independently 
of  their  different  distances  from  the  central 
luminaiy ;  for  Mars,  though  much  nearer  to 
the  sun  than  Jupiter,  is  not  so  easily  distin- 
guished in  the  daytime,  and  even  in  the  night 
time  appears  with  a  lers  degree  of  lustre. 

My  observations  on  Saturn  in  daylight 
have  not  been  so  frequent  as  those  on.  Jupiter. 
I  have  been  enabled  to  distinguish  his  ring 
several  times  before  sunset  with  a  power  of 
65,  but  his  great  southern  declination,  and 
consequent  low  altitude,  at  the  periods  when 
these  observations  were  made,  were  unfavour- 
able for  determining  the  degree  of  his  visibility 
in  dayliglit ;  for  a  planet  or  a  star  is  always 
more  distinctly  perceptible  in  a  high  than  in 
a  low  altitude,  on  account  of  the  superior 
purity  of  the  atmosphere  through  which  a 
celestial  object  is  seen  when  at  a  high  eleva- 
tion above  the  horizon.  This  planet,  how- 
ever, is  not  nearly  so  distinctly  visible  in  day- 
light as  Jupiter,  and  I  have  chiefly  seen  it 
when  the  sun  was  not  more  than  an  hour  or 
two  above  the  horizon,  but  never  at  noonday, 
although  it  is  probable  that  with  powerful  in- 
struments it  may  be  seen  even  at  that  period 
of  the  day,  The  planet  Mars  is  seldom  dis- 
tinctly visible  in  iVie  daytime,  except  when  at 
no  great  distance  from  its  opposition  to  the 
sun.  The  following  is  a  memorandum  of  an 
observation  on  Mars,  when  in  a  favourable 
position;  October  24,  1836,  saw  the  planet 
Mars  distinctly  with  a  power  of  about  60,  at 
40  minutes  past  9  am.,  the  sun  having  been 
above  the  horizon  nearly  three  hours.  It  ap- 
peared tolerably  distinct,  but  scarcely  so  bril- 
liant as  a  fixed  star  of  the  first  magnitude, 
though  with  apparently  as  much  light  as 
Jupiter  generally  exhibits  when  viewed  in 
daylight.  It  could  not  be  traced  longer  at  the 
time,  so  as  to  ascertain  if  it  could  be  seen  at 
midday,  on  account  of  the  interposition  of  the 
western  side  of  the  window  of  the  place  of 
observation.  The  ruddy  aspect  of  this  planet 
— doubtless  caused  by  a  dense  atmosphere 
with  whicli  it  is  environed — is  one  of  the 
causes  which  prevents  its  appearing  with 
brilliancy  in  the  daytime.  With  respect  to 
the  planet  Mercury,  I  have  had  opportunities 
of  observing  it  several  times  after  sunrise  and 
before  sunset,  about  10  or  12  days  before  and 
after  its  greatest  elongation  from  the  sun, 
with  a  power  of  45.  I  have  several  times 
searched  for  this  planet  about  noon,  but  could 
not  perceive  it.  The  air,  however,  at  the 
times  alluded  to,  was  not  very  clear,  and  I 
^/as  not  certain  that  it  was  within  the  field  of 
of  the  telescope,  and  therefore  I  am  not  con- 
vinced but  that,  with  a  moderately  high  power, 
it  may  be  seen  even  at  noonday. 


Such  are  some  specimens  of  the  observa- 
tions I  have  made  on  the  heavenly  bodies  m 
the  daytime,  and  the  conclusions  which  may 
be  deduced  from  them.  I  have  been  induced 
to  communicate  them  from  the  consideration 
that  the  most  minute  facts  in  relation  to  any 
science  are  worthy  of  being  knovi^n,  and  may 
possibly  be  useful.  They  may  at  least  gratify 
the  astronomical  t3a-o  with  some  information 
which  he  will  not  find  in  the  common  treatises 
on  Astronomy,  and  may  perhaps  excite  him 
to  prosecute  a  train  of  similar  observations  for 
confirming  or  correcting  those  which  have 
been  noted  above. 

Besides  the  deductions  already  stated,  the 
following  general  conclusions  may  be  noted  : 
1.  'That  a  celestial  body  may  be  as  easily  dis- 
tinguished at  noonday  as  at  any  time  between 
the  hours  of  nine  in  the  morning  and  three  in 
the  afternoon,  except  during  the  short  days  in 
winter.  2.  They  are  more  easily  distinguished 
at  a  high  than  at  a  low  altitude — in  the  after- 
noon than  in  the  morning,  especially  if  theii 
altitudes  be  low — and  in  the  northern  region 
of  the  heavens  than  in  the  southern.  The 
difficulty  of  perceiving  them  at  a  low  altitude 
is  obviously  owing  to  the  thick  vapours  near 
the  horizon.  Their  being  less  easily  distin- 
guished in  the  morning  than  in  the  afternoon 
is  owing  to  the  undulations  of  the  atmosphere, 
which  are  generally  greater  in  the  morning 
than  in  the  afternoon.  This  may  be  evidently 
perceived  by  looking  at  distant  land  objects  at 
those  times,  in  a  hot  day,  through  a  telescope 
which  magnifies  about  40  or  50  times,  when 
they  will  be  found  to  appear  tremulous  and 
distorted  in  consequence  of  these  undulations, 
especially  if  the  sun  be  shining  bright.  In 
consequence  of  this  circumstance,  we  can 
seldom  use  a  high  terrestrial  power  with  effect 
on  land  objects  except  early  in  the  morning 
and  a  short  time  before  sunset.  Their  being 
more  easily  distinguished  in  the  northern  re- 
gion of  the  heavens  is  owing  to  that  part  of 
the  sky  being  of  a  deeper  azure,  on  account 
of  its  being  less  enlightened  .than  the  southern 
with  the  splendour  of  the  solar  rays. 

Utility  of  Celestial  Day  Observations, 

The  observations  on  the  heavenly  bodies  in 
the  daytime,  to  which  I  have  now  directed 
the  attention  of  the  reader,  are  not  to  be  con- 
sidered as  merely  gratifications  of  a  rational 
curiosity,  but  may  be  rendered  subservient  to 
the  promotion  of  astronomical  science.  As 
to  the  planet  Venus :  when  I  consider  the 
degree  of  brilliancy  it  exhibits,  even  in  day- 
light, I  am  convinced  that  useful  observations 
might  frequently  be  made  on  its  surface  in 
the  daytime,  to  determine  some  of  its  physical 
peculiarities  and  phenomena.  Such  observa- 
tions might  set  at  rest  any  disputes  whicli 
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may  still  exist  respecting  the  period  of  rota- 
don  of  this  planet.  Cassini,  from  observations 
on  a  briglit  spot,  which  advanced  20°  in  24 
34'^,  determined  the  time  of  its  rotation  to  be 
23  hours  20  minutes.  On  the  other  hand, 
Bianchini,  from  similar  observations,  concluded 
that  its  diurnal  period  was  24  days  and  8 
hours.  The  difficulty  of  deciding  between 
these  two  opinions  arises  from  the  short  time 
in  vvdiich  observations  can  be  made  on  this 
planet,  either  before  sunrise  or  after  sunset, 
which  prevents  us  fi'om  tracing  with  accuracy 
the  progressive  motion  of  its  spots  for  a  suf- 
ficient length  of  time;  and,  although  an  ob- 
server should  mark  the  motion  of  the  spots  at 
he  same  hour  on  two  succeeding  evenings, 
and  find  they  had  moved  forward  15°  in  24 
hours,  he  would  still  be  at  a  loss  to  deter- 
mine whether  they  had  moved  only  15°  in  all 
since  the  preceding  observation,  or  had 
finished  a  revolution  and  15°  more.  If,  there- 
fore, any  spots  could  be  perceived  on  the  sur- 
face of  Venus  in  the  daytime,  their  motion 
might  be  traced,  when  she  is  in  north  declina- 
tion, for  1 2  hours  or  more,  which  would  com- 
pletely settle  the  period  of  rotation.  That  it 
is  not  improbable  that  spots  fitted  for  this  pur- 
pose may  be  discovered  on  her  disk  in  the 
daytime,  appears  from  some  of  the  observa- 
tions of  Cassini,  who  saw  one  of  her  spots 
when  the  sun  was  more  than  eight  degrees 
above  the  horizon.*  The  most  distinct  and 
satisfactory  views  I  have  ever  had  of  this  pla- 
net were  those  which  I  obtained  in  the  day- 
time, in  summer,  when  it  was  viewed  at  a 
high  altitude  with  a  44^  inch  achromatic 
telescope,  carrying  a  power  of  150.  I  have 
at  such  times  distinctly  perceived  the  distinct- 
tion  between  the  shade  and  colour  of  its 
mai'gin  and  the  superior  lustre  of  its  central 
parts,  and  some  spots  have  occasionally  been 
seen,  though  not  so  distinctly  marked  as  to 
determine  its  rotation.  Such  distinct  views 
are  seldom  to  be  obtained  in  the  evening  after 
sunset,  on  account  of  the  undulations  of  the 
atmosphere,  and  the  dense  mass  of  vapours 
through  which  the  celestial  bodies  are  viewed 
when  near  the  horizon. 

Nor  do  I  consider  it  altogether  improbable 
that  its  satellite  (if  it  have  one,  as  some  have 
supposed)  may  be  detected  in  the  daytime, 
when  this  planet  is  in  a  favourable  position 
for  such  an  observation,  particularly  when  a 
pretty  large  portion  of  its  enlightened  surface 
is  turned  towards  the  earth,  and  when  its 
satellite,  of  course,  must  present  a  similar 
phase.  About  the  period  of  its  greatest  elon- 
gation from  the  sun,  and  soon  after  it  assumes 
a  crescent  phase,  in  its  approach  to  the  in- 

*  Ses  Long*s  Astronomy,  vol.  ii,  p.  487,  and 
Encyclopedia  Britannica,  vol.  ii.  p.  436,  3d 
sdition. 


ferior  conjunction,  may  be  considered  as  ik® 
most  eligible  times  for  prosecuting  such  ob- 
servations. If  this  supposed  satellite  be  about 
one-third  or  one-fourth  of  the  diameter  of  its 
primary,  as  Cassini,  Short,  Baudouin,  Mont- 
barron,  Montaigne,  and  other  astronomers 
supposed,  it  must  be  nearly  as  large  as  Mer- 
cury, which  has  been  frequently  seen  in  day- 
light. If  such  a  satellite  have  a  real  existence, 
and  yet  undistinguishable  in  daylight,  its  sur- 
face must  be  of  a  yerj  different  quality  for 
reflecting  the  rays  of  light  from  that  of  its 
primary  ;  for  it  is  obvious  to  every  one  who 
has  seen  Venus  with  a  high  power  in  the 
daytime,  that  a  body  of  equal  brilliancy,  though 
four  times  less  in  diameter,  would  be  quite 
perceptible,  and  exhibit  a  visible  disk.  Such 
observations,  however,  would  be  made  witli 
much  greater  effect  in  Italy  and  other  southerm 
countries,  and  particularly  in  tropical  climates, 
such  as  the  southern  parts  of  Asia  and 
America,  and  in  the  West  India  islands, 
where  the  sky  is  more  clear  and  serene,  and 
where  the  planet  may  be  viewed  at  higher 
altitudes  and  for  a  greater  length  of  timC), 
without  the  interruption  of  clouds,  than  in 
our  island. 

Again,  the  apparent  magnitudes  of  the 
fixed  stars,  the  quantity  of  light  they  respect- 
ively emit,  and  the  precise  class  of  magnitude 
which  should  be  assigned  to  them,  might  be 
more  accurately  determined  by  day  observa- 
tions than  by  their  appearance  in  the  noctur- 
nal  sky.  All  the  stars  which  are  reckoned  to 
belong  to  the  first  magnitiide  are  not  equally 
distinguishable  in  daylight.  For  example,  the 
stars  Aldeharan  and  Frocyon  are  not  so 
easily  distinguished,  nor  do  they  appear  with 
the  same  degree  of  lustre  by  day,  as  the  stars 
a  Lyrae  and  Capella.  In  like  manner,  the 
stars  Altair,  Alphard,  Beneh  Ras  Alhague, 
considered  as  belonging  to  the  second  magni- 
tude, are  not  equally  distinguishable  by  the 
sanie  aperture  and  magnifying  power,  which 
seems  to  indicate  that  a  different  quantity  of 
light  is  emitted  by  these  stars,  arising  from  a 
difference  either  in  their  magnitude,  their  dis- 
tance, or  the  quality  of  the  light  with  which 
they  are  in-adiated. 

The  following  are  likewise  practical  pur- 
poses to  which  celestial  day  observations  may 
be  applied.  In  accurately  adjusting  circular 
and  transit  instruments,  it  is  useful,  and  even 
necessary,  for  determining  the  exact  position 
of  the  meridian,  to  take  observations  of  cer- 
tain stars  which  differ  greatly  in  zenith  dis- 
tance, and  which  transit  the  meridian  nearly 
at  the  same  time.  But  as  the  stars  best 
situated  for  this  purpose  cannot,  at  every  sea- 
son, be  seen  in  the  evenings,  we  must,  in 
certain  cases,  wait  for  several  months  before 
such  observations  can  be  made,  unless  we 
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make  them  in  the  daytime,  which  can  veiy 
easily  be  done  if  the  instrument  have  a  tele- 
scope adapted  to  it,  furnished  with  such 
powers  as  those  above  stated,  or  higher  powers 
if  required.  I  have  Kkev/ise  made  use  of  ob- 
servations on  the  stars  in  the  daytime  for  ad- 
justing a  clock  or  watch  to  mean  time,  when 
the  sun  v/as  in  a  situation  beyond  the  range 
of  the  instrument,  or  obscured  by  clouds,  and 
when  I  did  not  choose  to  wait  till  the  evening. 
This  ma:y,  at  iirst  view,  appear  to  some  as 
paradoxical,  since  the  finding  of  a  star  in 
daylight  depends  on  our  knowing  its  right 
ascension  from  the  sun,  and  this  last  circum- 
stance depends,  in  some  measure,  on  our 
knowing  the  true  time.  But  if  a  watch  or 
clock  is  known  not  to  have  varied  above  seven 
or  eight  minutes  from  the  time,  a  star  of  the 
first  magnitude  may  easily  be  found  by  mov- 
ing the  telescope  a  little  backward  or  forward 
till  the  star  appear;  and  when  it  is  once 
found,  the  exact  variation  of  the  movement  is 
then  ascertained  by  comparing  the  calculations 
v^hich  were  previously  necessary  with  the 
time  pointed  out  by  the  nonius  on  the  equa- 
torial circle ;  or,  in  other  words,  by  ascertain- 
ing the  difference  between  the  time  assumed 
and  the  time  indicated  by  the  instrument 
when  the  star  appears  in  the  centre  of  the 
field  of  view.  All  this  may  be  accomplished 
in  five  or  six  minutes. 

Besides  the  practical  purposes  now  stated, 
the  equatorial  telescope  is  perhaps  the  best  in- 
strument for  iustructing  a  learner  in  the  vari- 
ous operations  of  practical  astronomy,  and 
particularly  for  enabling  him  to  distinguish 
the  names  and  positions  of  the  principal  stars ; 
for  when  the  right  ascension  and  declination 
of  any  star  is  known  from  astronomical  tables, 
the  telescope  may  be  immediately  adjusted  to 
point  to  it,  which  will  infallibly  prevent  his 
mistaking  one  star  for  another.  In  this  way, 
likewir,e,  the  precise  position  of  the  planet 
Mercu>'i/,  Urmius,  Vesta,  Juno,  Ceres,  Pal- 
las,  a  small  comet,  a  nebula,  a  double  star,  or 
any  other  celestial  body  not  easily  distinguish- 
able by  the  naked  eye,  may  be  readily  pointed 
out,  when  its  right  ascension  and  declination 
are  known  to  a  near  approximation. 

In  conclusion,  I  cannot  but  express  my 
surprise  that  the  equatorial  telescope  is  so 
little  known,  by  many  of  the  lovers  of  astro- 
nomical science.  In  several  respectable  acade- 
mies in  this  part  of  Britain,  and,  if  I  am  not 
misinformed,  in  most  of  our  universities,  this 
instrument  is  entirely  unknown.  This  is  the 
more  unaccountable,  as  a  small  equatorial  may 
be  purchased  for  a  moderate  sum,  and  as  there 
is  i\o  single  instrument  so  well  adapted  for 
illustrating  all  the  operations  of  practical  astro- 
nomy. Where  very  great  accuracy  is  not  re- 
ijiiired,  it  may  occasionally  be  made  to  serve 
U2 


the  general  purposes  of  a  transit  mstrumeni 
for  observing  the  passages  of  the  sun  and 
stars  across  the  meridian.  It  may  likewise  be 
made  to  serve  as  a  theodolite  for  sm'veying 
land  and  taking  horizontal  angles— as  a  quad- 
rant for  taking  angles  of  altitude—as  a  level 
— as  an  equal  altitude  instrument — an  azi- 
mutlh  instrume7it  for  ascertaining  the  sun's 
distance  from  the  north  or  bouth  points  of  the 
horizon — ^and  as  an  accurate  universal  sun- 
dial, for  finding  the  exact  mea7i  or  true  time 
on  any  occasion  when  the  sun  is  visible.  The 
manner  of  applying  it  to  these  different  pur- 
poses will  be  obvious  to  every  one  who  is  in 
the  least  acquainted  with  the  nature  and  con- 
struction of  this  instrument.    ' 

The  price  of  a  small  equatorial  instrument, 
such  as  that  described  p.  159,  is  about  16 
guineas,  exclusive  of  some  of  the  eyepieces, 
which  were  afterward  added  for  the  purpose 
of  making  particular  observations.  Instru- 
ments of  a  larger  size,  and  with  more  com- 
plicated machinery,  sell  from  50  to  100  guineas 
and  upward.  Messrs.  W.  and  S.  Jones,  Hoi- 
born  London,  construct  such  instruments. 

CIS-  THE    aUADRAJvrT, 

Every  circle  being  supposed  to  be  divided 
mto  360  equal  parts  or  degrees,  it  is  evident 
that  90  degrees,  or  the  fourth  part  of  a  circle, 
will  be  sufficient  to  measure  all  angles  be- 
tween the  horizon  of  any  place  and  the  line 
perpendicular  to  it  which  goes  up  to  the  zenith. 
Thus,  in  fig.  87,  the  line  C  B  represents  the 
plane  of  the  horizon.  A  C  B  H,  the  quad- 
rant ;  A  C,  the  perpendicular  to  the  horizon ; 
and  A,  the  zenith  point.  If  the  lines  B  C  and 
C  A  represent  a  pair  of  compasses  with  the 
legs  standing  perpendicular  to  each  other,  and 
the  curved  lines  A 
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B,  D  E,  and  F  G, 
the  quarter  of  as 
many  circles  of  dif- 
ferent sizes,  it  is  evi- 
dent that  although 
each  of  these  differs 
from  the  others  in 
size,  yet  that  each 
contains  the  same 
portion  of  a  circle, 
namely,  a  quadrant 
or  fourth  part ;  and  thus  it  would  be  from  the 
smallest  to  the  largest  quadrant  that  could  be 
formed — 'they  would  all  contain  exactly  90 
degrees  each.  By  the  application  of  this 
principle,  the  comparative  measure  of  angles 
may  be  extended  to  an  indefinite  distance. 
By  means  of  an  instrument  constructed  in  the 
form  of  a  quadrant  of  a  circle,  with  its  curved 
edge  divided  into  90  equal  parts,  the  altitude 
of  any  object  in  the  heavens  can  at  any  tim« 
be  determined. 

4  F  (88g) 
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There  are  various  constructions  of  this  in- 
strument, some  of  them  extremely  simple,  and 
others  considerably  complex  and  expensive, 
according  to  the  degree  of  accuracy  which  the 
observations  require.  The  following  is  a  de- 
scription of  the  Pillar  Quadrant,  as  it  was 
made  by  Mr.  Bird  for  the  Observatory  of 
Greenwich,  and  several  Continental  observa- 
tories. 

This  instrument  consists  of  a  quadrant, 
E  E  H  G  L  (fig.  88,)  mounted  on  a  pillar, 

Fig.  88. 


B,  which  is  supported  by  a  tripod,  A  A,  rest- 
ing on  three  foot-screws.  The  quadrant,  the 
pillar,  and  the  horizontal  circle  all  revolve 
round  a  vertical  axis.  A  telescope,  H,  is 
placed  on  the  horizontal  radius,  and  is  directed 
to  a  meridian  mark  previously  made  on  some 
distant  object  for  placing  the  plane  of  the  in- 
strument in  the  meridian,  and  also  for  setting 
the  zero,  or  beginning  of  the  scale,  truly  hori- 
zontal. This  is  sometimes  done  by  a  level 
instead  of  a  telescope,  and  sometimes  b}^  a 
plumb-line,  G,  suspended  from  near  the  centre, 
and  brought  to  bisect  a  fine  dot  made  on  the 
limb,  where  a  microscope  is  placed  to  examine 
the  bisection.  The  weight  or  plummet  at  the 
end  of  the  plumb-line  is  suspended  in  the 
cistern  of  water  h,  which  keeps  it  from  being 
agitated  by  the  air.  A  similar  dot  is  made 
for  the  upper  end  of  the  plumb-line  upon  a 
piece  of  brass,  adjustable  by  a  screw,  d,  in 
wder  that  the  line  may  be  exactly  at  right 
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angles  to  the  telescope  when  it  is  placed  at  0 
The  quadrant  is  screwed  by  the  centre  of  its 
frame  against  a  piece  of  brass,  e,  with  three 
screws,  and  this  piece  is  screwed  to  the  top 
of  the  pillar  B  with  otier  three  screws.  By 
means  of  the  first  three  screws  the  plane  of 
the  quadrant  can  be  placed  exactly  parallel  to 
the  vertical  axis,  and  by  the  other  screws  the 
telescope  H  can  be  placed  exactly  perpendicu- 
lar to  it.  The  nut  of  the  delicate  screw  L  is 
attached  to  the  end  of  the  telescope  i^  by  a 
universal  joint.  The  collar  for  the  other  end 
is  jointed  in  the  same  manner  to  a  clamp, 
which  can  be  fastened  to  any  part  of  the  limb. 
A  similar  clamp-screw  and  slow  motion  is 
seen  at  n  for  the  lower  circle,  which  is  in- 
tended to  hold  the  circle  fast  and  adjust  its 
motion.  The  divisions  of  the  lower,  or  hori- 
zontal circle,  are  read  by  verniers,  or  noniuses, 
fixed  to  the  arms  of  the  tripod  at  /  and  m  ; 
and,  in  some  cases,  three  are  used  to  obtain 
greater  accuracy. 

In  using  this  quadrant,  the  axis  of  the  tele- 
scope H  is  adjusted  to  a  horizontal  line,  and 
the  plane  of  the  quadrant  to  a  vertical  line, 
by  the  means  already  stated.  The  screw  of 
the  clamp  L  is  then  loosened,  and  the  tele- 
scope directed  to  the  star  or  other  object 
whose  altitude  is  required.  The  clamp-screw 
being  fixed,  the  observer  looks  through  the' 
telescope,  and  with  the  nut  of  the  screw  L  he 
brings  the  telescope  into  a  position  where  the 
star  is  bisected  by  the  intersection  of  the  wires 
in  the  field  of  the  telescope.  The  divisions 
are  then  to  be  read  ofl'  upon  the  vernier,  and 
the  altitude  of  the  star  will  be  obtained.  By 
means  of  the  horizontal  circle  D,  all  angles  in 
the  plane  of  the  horizon  may  be  accurately 
measured,  such  as  the  amplitudes  and  azimuths 
of  the  celestial  bodies. 

Quadrants  of  a  more  simple  construction 
than  the  above  may  be  occasionally  used,  such 
as  Gunter's,  Cole's,  Sutton's,  and  others ;  but 
none  of  these  is  furnished  with  telescopes  or 
telescopic  sights,  and  therefore  an  altitude 
cannot  be  obtained  by  them  with  the  same 
degree  of  accuracy  as  with  that  which  has 
been  now  described. 

By  means  of  the  quadrant,  not  only  the 
altitudes  of  the  heavenly  bodies  may  be  de- 
termined, but  also  the  distances  of  objects  on 
the  earth  by  observations  made  at  two  sta- 
tions ;  the  altitude  of  fireballs  and  other  me- 
teors in  the  atmosphere;  the  height  of  a 
cloud,  by  observation  on  its  altitude  and  ve- 
locity ;  and  numerous  other  problems,  the 
solution  of  which  depends  upon  angular  mea- 
surements. A  Mural  Quadrant  is  the  name 
given  to  this  instrument  when  it  is  fixed  upon 
a  wall  of  stone,  and  in  the  plane  of  the  meri- 
dian, such  as  the  quadrant  which  was  erected 
by  Flamstead  in  the  Observatory  at  Green- 
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wicko  Although  the  quadrant  was  formerly 
much  used  in  astronomical  observations,  yet 
it  may  be  proper  to  state  that  its  use  has  now 
been  almost  completely  superseded  by  the  re- 
cent introduction  of  Astronomical  Circles,  of 
which  we  shall  now  give  the  reader  a  very 
short  description,  chiefly  taken  from  Trough- 
ton's  account  of  the  instrument  he  constructed, 
as  found  in  Sir  D.  Brewster's  Supplement  to 
Ferguson's  Astronomy. 

THE  asthot^^omical  circle. 

An  astronomical  circle  is  a  complete  circle 
substituted  in  place  of  the  quadrant,  and  dif- 
fers from  it  only  in  the  superior  accuracy  with 
which  it  enables  the  astronomer  to  make  his 
observations.  The  large  vertical  or  declina- 
tion circle  C  C  (fig.  89)  is  composed  of  two 

Fig.  89. 


complete  circles,  strengthened  by  an  edge-bar 
on  their  inside,  and  firmly  united  at  their  ex- 
treme, borders  by  a  number  of  short  braces  or 
bars,  which  stand  perpendicular  between  them, 
and  which  keep  them  at  such  a  distance  as  to 
admit  the  achromatic  telescope  T  T,  This 
double  circle  is  supported  by  16  conical  bars, 
firmly  united,  along  with  the  telescope  to  a 
horizontal  axis.     The  exterior  limb  of  each 


circle  is  divided  into  degrees  and  parts  of  a 
degree,  and  these  divisions  are  divided  into 
seconds  by  means  of  the  microzneter  micrO" 
scopes  m  m,  which  read  oif  the  angle  on  op- 
posite sides  of  each  circle.  The  cross  v^ires 
in  each  microscope  may  be  moved  over  the 
limb  till  they  coincide  with  the  nearest  divi- 
sion of  the  limb,  by  means  of  the  micrometer 
screws  c  c,  and  the  space  moved  through  is 
ascertained  by  the  divisions  on  the  graduated 
head  above  c,  assisted  by  a  scale  within  the 
microscope.  The  microscopes  are  supported 
by  two  arms  proceeding  from  a  small  circle 
concentric  with  the  horizontal  axis,  and  fixed 
to  the  vertical  columns.  This  circle  is  the 
centre  upon  which  they  can  turn  round  nearly 
a  quadrant  for  the  purpose  of  employing  a 
new  portion ,  of  the  divisions  of  the  circle, 
when  it  is  reckoned  prudent  to  repeat  any 
delicate  observations  upon  any  part  of  the 
limb.  At  h  is  represented  a  level  for  placing 
the  axis  in  a  true  horizontal  line,  and  at  k  is 
fixed  another  level  parallel  to  the  telescope 
for  bringing  the  zero  of  the  divisions  to  a  hori- 
zontal position.  The  horizontal  axis  to  which 
the  vertical  circle  and  the  telescope  are  fixed 
is  equal  in  length  to  the  distance  between  the 
vertical  pillars,  and  its  pivots  are  supported 
by  semicircular  bearings  placed  at  the  top  of 
each  pillar.  These  two  vertical  pillars  are 
firmly  united  at  their  bases  to  a  crossbar,  f. 
To  this  crossbar  is  also  fixed  a  vertical  axis 
about  three  feet  long,  the  lower  end  of  which, 
terminating  in  an  obtuse  point,  rests  in  a  brass 
conical  socket  firmly  fastened  at  the  bottom 
of  the  hollow  in  the  stone  pedestal  D,  which 
receives  the  vertical  axis.  This  socket  sup- 
ports the  whole  weight  of  the  movable  part 
of  the  instrument.  The  upper  part  of  the 
vertical  axis  is  supported  by  two  pieces  of 
brass,  one  of  which  is  seen  at  e,  screwed  to 
the  ring  i,  and  containing  a  right  angle,  or  Y. 
At  each  side  of  the  ring,  opposite  to  the  points 
of  contact,  is  placed  a  tube  containing  a  heliacal 
spring,  which,  by  a  constant  pressure  on  the 
axis,  keeps  it  against  its  bearings,  and  permits 
it  to  turn,  in  these  four  points  of  contact,  with 
an  easy  and  steady  motion.  The  two  bearings 
are  fixed  upon  two  rings  capable  of  a  lateral 
adjustment ;  the  lower  one  by  the  screw  d  to 
incline  the  axis  to  the  east  or  west,  while  the 
screw  b  gives  the  upper  one,  i,  a  motion  in 
the  plane  of  the  meridian.  By  tliis  means 
the  axis  may  be  adjusted  to  a  perpendicular 
position  as  exactly  as  by  the  usual  method  of 
the  tripod  with  foot-screws.  These  rings  are 
attached  to  the  centre-piece  s,  which  is  firmly 
connected  with  the  upper  surface  of  the  stone 
by  six  conical  tubes  A,  J,  A,  &c.,  and  brass 
standards  at  every  angle  of  the  pedestal.  Be-» 
low  this  frame  lies  the  azimuth  circle,  E  Ey 
consisting  of  a  circular  limb,  strengthened  by 
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y-QT.  hollow  cones  firmly  united  with  the  ver- 
tical axis,  and  consequently  turning  freely 
rAong  with  it.  The  azimuth  circle,  E  E,  is 
divided  and  read  off  in  the  same  manner  as 
the  vertical  circle.  The  arms  of  the  micro- 
scopes, B  B,  project  from  the  ring  i,  and  the 
microscopes  themselves  are  adjustable  by 
screws,  to  bring  them  to  zero  and  to  the  di- 
ameter of  the  circle.  A  little  above  the  ring 
i  is  fixed  an  arm,  L,  which  embraces  and 
holds  fast  the  vertical  axis  with  the  aid  of  a 
clamp-screw.  The  arm  L  is  connected  at  the 
extremity  with  one  of  the  arms  A,  by  means 
of  the  screw  a,  so  that  by  turning  this  screw 
a  slow  motion  is  communicated  to  the  vertical 
axis  and  the  azimuth  circle. 

In  order  to  place  the  instrument  in  a  true 
vertical  position,  a  plumb-line,  made  of  fine 
silver  wire,  is  suspended  from  a  small  hook  at 
the  top  of  the  vertical  tube  n^  connected  by 
braces  with  one  of  the  large  pillars.  The 
plumbdine  passes  through  an  angle  in  which 
it  rests,  and  by  means  of  a  screw  may  be 
brought  into  the  axis  of  the  tube.  The  plum- 
met at  the  lower  end  of  the  line  is  immersed 
in  a  cistern  of  water,  t,  in  order  to  check  its 
oscillations,  and  is  supported  on  a  shelf  pro- 
ceeding from  one  of  the  pillars.  At  the  lower 
end  of  the  tube  n  are  fixed  two  microscopes, 
0  andjD,  at  right  angles  to  one  another,  and 
opposite  to  each  is  placed  a  small  tube  con- 
taining a  lucid  point.  The  plumb-line  is  then 
brought  into  such  a  position  by  the  screws  d 
b,  and  by  altering  the  suspension  of  the 
plumb-line  itself,  that  the  image  of  the  lu- 
minous point,  like  the  disk  of  a  planet  is 
formed  on  the  plumb-line,  and  accurately 
bisected  by  it.  The  vertical  axis  is  then 
turned  round,  and  the  plumb-line  examined 
in  some  other  position.  If  it  still  bisects  the 
luminous  point,  the  instrument  is  truly  verti- 
cal ;  but  if  it  does  not,  one  half  of  the  devia- 
tion must  be  corrected  by  the  screws  d  b,  and 
the  other  half  by  altering  the  suspension  of 
the  line  till  the  bisection  of  the  circular 
image  is  perfect  in  every  position  of  the  in- 
strument. 

It  is  not  many  years  since  circular  repeat- 
ing instruments  came  into  general  use.  The 
principle  on  which  the  construction  of  a  re- 
peating circle  is  founded  appears  to  have  been 
first  suggested  by  Professor  Mayer,  of  Gottin- 
gen,  hi  1758;  but  the  first  person  who  ap- 
plied this  principle  to  measure  round  the  limb 
of  a  divided  instrument  was  Borda,  who  about 
the  year  1789,  caused  a  repeating  circle  to  be 
constructed  that  would  measure  with  equal 
facility  horizontal  and  vertical  angles.  After- 
ward Mr.  Troughton  greatly  improved  the 
construction  of  Borda's  instrument  by  the  in- 
troduction of  several  contrivances,  which  in- 
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sure,  at  the  same  time,  its  superior  accuracy 
and  convenience  in  use ;  and  his  instruments 
have  been  introduced  into  numerous  observa- 
tories. Circular  instruments,  on  a  large  scale, 
have  been  placed  in  the  Royal  Observatory  of 
Greenwich,  and  in  most  of  the  principal  ob- 
servatories on  the  Continent  of  Europe.  Al- 
though it  is  agreed  on  all  hands  that  greater 
accuracy  may  be  obtained  by  a  repeating 
circle  than  by  any  other  having  the  same  ra- 
dius, yet  there  are  some  objections  to  its  use 
which  do  not  apply  to  the  altitude  and  azimuth 
circle.  The  following  are  the  principal  objec- 
tions, as  stated  in  vol.  i.  of  the  "  Memoirs  of 
the  Astronomical  Society  of  London ;"  1. 
The  origin  of  the  repeating  circle  is  due  to 
bad  dividing  which  ought  not  to  be  tolerated 
in  any  instrument  in  the  present  state  of  the 
art.  2.  There  are  three  sources  of  fixed 
error  which  cannot  be  exterminated,  as  they 
depend  more  on  the  materials  than  on  the 
wormanship;  first,  the  zero  of  the  level 
changes  with  variations  of  temperature ;  se- 
condly, the  resistance  of  the  centre  work  to 
the  action  of  the  tangent  screws  ;  and,  thirdly, 
the  imperfection  of  the  screws  in  producing 
motion  and  in  securing  permanent  positions. 

3.  The  instrument  is  applied  with  most  ad- 
vantage to  slowly  moving  or  circumpolar 
stars ;  but  in  low  al'Jtudes  these  btars  are  seen 
near  the  horizon,  where  refraction  interferes. 

4.  Much  time  and  labour  are  expended,  first 
in  making  the  observations,  and  again  in  re- 
ducing them.  5.  When  any  one  step  in  a 
series  of  observations  is  bad,  the  whole  time 
and  labour  are  absolutely  lost.  6.  When  the 
instrument  has  a  telescope  of  small  power, 
the  observations  are  charged  with  errors  of 
vision  which  the  repeating  circle  will  not  cure. 
7.  This  instrument  cannot  be  used  as  a  tran- 
sit instrument,  nor  for  finding  the  exact  me- 
ridian of  a  place. 

A. great  variety  of  directions  is  necessary 
in  order  to  enable  the  student  of  practical  as- 
tronomy thoroughly  to  understand  and  to 
apply  this  instrument  to  practice,  which  the 
limited  nature  of  the  present  work  prevents 
us  from  detailing.  As  this  instrument  con- 
sists of  a  variety  of  complicated  pieces  of  ma- 
chinery, it  is  necessarily  somewhat  expensive. 
A  six-inch  brass  astronomical  circle  for  alti- 
tudes, zenith  or  polar  distances,  azimuths, 
with  achromatic  telescopes,  &c.,  is  marked  in 
Messrs.  W.  and  S.  Jones's  catalogue  of  astro- 
nomical instruments  at  £27  6s.  A  circle  IS 
inches  in  diameter,  from  £36  15s.  to  £68  55. 
An  18  inch  ditto,  of  the  best  construction. 
£105,  The  larger  astronomical  circles  for 
public  observatories,  from  100  to  1000  guineas 
and  upward,  according  to  their  size,  and  ih© 
pecuharity  of  their  construction. 
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TEE    TBAKSIT    INSTIIUME2«^T. 

A  transit  instrument  is  intended  for  ob- 
serving celestial  objects  as  they  pass  across 
the  meiidian.  It  consits  of  a  telescope  fixed 
at  right  angles  to  a  horizontal  axis,  which 
axis  must  be  so  supported  that  what  is  called 
the  line  of  collimation,  or  the  line  of  sight  of 
the  telescope,  may  move  in  the  plane  of  the 
meridian.  This  instrument  was  first  invented 
by  Romer  in  the  year  1689,  but  has  since  re- 
ceived great  improvements  by  Troughton, 
Jones,  and  other  modern  artists.  Transit  in- 
struments may  be  divided  into  two  classes, 
Portable  aud  Fixed.  The  portable  instru- 
ment, when  placed  truly  in  the  meridian,  and 
well  adjusted,  may  be  advantageously  used  as 
a  stationary  instrument  in  an  observatory,  if  its 
dimensions  be  such  as  to  admit  of  a  telescope 
of  3^  feet  focal  length ;  but  when  the  main 
tube  is  only  from  20  to  30  inches  long,  with 
a  proportional  aperture,  it  is  more  suited  for  a 
travelling  instrument  to  give  the  exact  time  ; 
and,  when  carriedon  board  a  ship  in  a  voyage 
of  discovery,  may  be  taken  on  shore  at  any 
convenient  place  for  determining  the  solar 
time  of  that  place,  and  for  correcting  the  daily 
rate  of  the  chronometer,  giving  the  time  at 
the  first  meridian,  so  that  the  longitude  of  the 
place  of  observation  may  be  obtained  from 
the  difference  of  the  observed  and  indicated 
times,  after  the  proper  corrections  have  been 
made. 

The  following  is  a  brief  description  of  one 
of  Mr.  Troughton's  portable  transit  instru- 
ments. In  fig.  90,  P  P  is  an  achromatic  tele- 
scope firmly  fixed  by  the  middle  to  a  double 
conical  and  horizontal  axis  H  H^  the  pivots 
of  which  rest  on  angular  bearings  called  Y^s, 
at  the  top  of  the  standards  B  B,  rendered 
steady  by  oblique  braces  D  D,  fastened  to  the 
central  part  of  the  circle  A  A.  In  large  fixed 
instruments,  the  pivots  and  angular  bearings 
are  supported  on  two  massive  stone  pillars, 
sunk  several  feet  into  the  ground,  and  are 
sometimes  supported  by  mason-v/ork,  to  se- 
cure perfect  stability.  The  axis  H  H  has  two 
adjustments,  one  for  making  it  exactly  level, 
and  the  other  for  placing  the  telescope  in  the 
meridian.  A  graduated  circle,  L,  is  fixed  to 
the  extremity  of  the  pivot,  which  extends  be- 
yoK  \  one  of  the  Y^s  and  the  two  radii  that 
carry  the  verniers,  a  a,  are  fitted  to  the  ex- 
tremities of  the  pivot  in  such  a  way  as  to  turn 
round  independent  of  the  axis.  The  double 
vernieirs  have  a  small  level  attached  to  them, 
and  a  third  arm,  h,  which  is  connected  with 
the  standard  B  by  means  of  a  screw,  s.  If 
the  verniers  are  placed,  by  means  of  the  level, 
in  a  true  horizontal  position,  when  the  axis  of 
the  telescope  is  horizontal,  and  the  arm  b 
icrewed  by  the  screw  s  to  the  standard  B,  the 


Fig.  90. 


verniers  will  always  read  off  the  inclination 
of  the  telescope,  and  will  enable  the  observer 
to  point  it  to  any  star  by  means  of  its  meri- 
dian altitude.  The  whole  instrument  rests  on 
three  foot-screws  entered  into  the  circle  A  A. 
In  the  field  of  view  of  the  telescope  there  are 
several  parallel  vertical  wires,  crossed  at  right 
angles  with  a  horizontal  one,  and  the  tele- 
scope is  sometimes  furnished  with  a  diagonal 
eyepiece  for  observing  stars  near  the  zenith. 
A  level  likewise  generally  accompanies  the 
instrument,  in  order  to  place  it  horizontal  by 
being  applied  to  the  pivots  of  the  axis. 

In  order  to  fix  the  transit  instrument  ex- 
actly in  the  meridian,  a  good  clock  regulated 
to  sidereal  time  is  necessary.  This  regulation 
may  be  eifected  by  taking  equal  altitudes  of 
the  sun  or  a  star  before  and  after  they  pass 
the  meridian,  which  may  be  done  by  small 
quadrants  or  by  a  good  sextant.  The  axis 
H  of  the  instrument  is  then  to  be  placed  hori- 
zontal by  a  spirit  level,  which  accompanies 
the  transit,  and  the  greatest  care  m  jst  be  taken 
that  the  axis  of  vision  describes  in  the  heavens 
a  great  circle  of  the  sphere.  To  ascertain 
whether  the  telescope  be  in  the  plane  of  the 
meridian,  observe  by  the  clock  when  a  cir- 
cumpolar  star  seen  through  the  telescope  tran- 
sits both  above  and  below  the  pole,  and  if  the 
times  of  describing  the  eastern  hitA  western 
parts  of  its  circuit  be  equal,  the  telescope  is 
then  in  the  plane  of  the  meridian ;  otherwise, 
certain  adjustments  must  be  made.  When 
4  F  2  (S93) 
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the  telescope  is  at  length  perfectly  adjusted,  a 
landmark  must  be  fixed  upon  at  a  considerable 
distance,  the  greater  the  better.  This  mark 
must  be  in  the  horizontal  direction  of  the  in- 
tersection of  the  cross  wires,  and  in  a  place 
where  it  can  be  illuminated,  if  possible,  in  the 
nighttime,  by  a  lantern  hanging  near  it; 
which  mark  being  on  a  fixed  object,  will  serve 
at  all  times  afterward  for  examining  the  posi- 
tion of  the  telescope. 

Various  observations  and  adjustments  are 
requisite  in  order  to  fixing  a  transit  instru- 
ment exactly  in  the  plane  of  the  meridian. 
There  is  the  adjustment  of  the  level;  the 
horizontal  adjustment  of  the  axis  of  the  tele- 
scope ;  the  placing  of  the  parallel  lines  in  the 
focus  of  the  eyeglass,  so  as  to  be  truly  verti- 
cal, and  to  determine  the  equatorial  value  of 
their  intervals;  the  collimation  in  azimuth, 
so  that  a  line  passing  from  the  middle  vertical 
line  to  the  optical  centre  of  the  object-glass  is 
at  right  angles  with  the  axis  of  the  telescope's 


motion;  the  collimation  in  altitude,  so  thst 
the  horizontal  line  should  cross  the  parallel 
vertical  lines,  not  only  at  right  angles,  but  also 
m  the  optical  centre  of  the  field  of  view,  with 
various  other  particulars,  but  of  which  our 
limited  space  will  not  permit  us  to  enter  into 
details.  Those  who  wish  to  enter  into  all  the 
minute  details  in  reference  to  the  construction 
and  practical  application  of  this  and  the  other 
instruments  above  described,  as  well  as  all  th© 
other  instruments  used  by  the  practical  astro- 
nomer, will  find  ample  satisfaction  in  perusing 
the  Rev.  Dr.  Pearson's  Introduction  to  Prac- 
tical Astronomy,  4to,  vol.  ii. 

A  portable  transit  instrument,  with  a  cast- 
iron  stand,  the  axis  12  inches  in  length,  and 
the  achromatic  telescope  about  20  inches, 
packed  in  a  case,  sells  at  about  16  guineas; 
with  a  brass-framed  stand  and  other  additionSj 
at  about  20  guineas.  Transit  instruments  of 
larger  dimensions  are  higher  in  proportion  to 
their  size,  &c. 


CHAPTER  IIL 


On  Observatories, 


Ik  order  to  make  observations  with  conve- 
nience and  effect  on  the  heavenly  bodies,  it  is 
expedient  that  an  observatory,  or  place  for 
making  the  requisite  observations,  be  erected 
in  a  proper  situation.  The  following  are 
some  of  the  leading  features  of  spot  adapted 
for  making  celestial  observations  :  1.  It  should 
command  an  extensive  visible  horizon  all 
around,  particularly  towards  the  south  and  the 
north.  2.  It  should  be  a  little  elevated  above 
surrounding  objects.  3.  It  should  be,  if  possi- 
ble, at  a  considerable  distance  from  manufac- 
tories, and  other  objects  which  emit  much 
fimoke  or  vapour,  and  even  from  chimney-tops 
where  no  sensible  smoke  is  emitted,  as  the 
heated  air  from  the  top  of  funnels  causes  undu- 
lations in  the  atmosphere.  4.  It  should  be  at 
a  distance  from  swampy  ground  or  valleys 
that  are  liable  to  be  covered  with  fogs  and 
exhalations.  5.  It  should  not,  if  possible^  be 
too  near  public  roads,  particularly  if  paved 
with  stones,  and  frequented  by  heavy  car- 
riages, as  in  such  situations  undulations  and 
tremulous  motions  may  be  produced  injurious 
to  the  making  of  accurate  observations  with 
graduated  instruments.  6.  It  is  expedient 
that  the  astronomical  observer  should  have 
access  to  some  distant  field  within  a  mile  of 
the  observatory,  on  which  a  meridian  mark 
may  be  fixed  after  his  graduated  instruments 
are  properly  adjusted.  The  distance  at  which 
a  meridian  mark  should  be  erected  will  depend 
in  part  on  the  focal  length  of  the  telescope 
(S94) 


generally  used  for  making  observations  on  the 
right  ascensions  and  declinations  of  the  stars. 
It  should  be  fixed  at  such  a  distance  that  the 
mark  may  be  distinctly  seen  without  altering 
the  focus  of  the  telescope  when  adjusted  to 
the  sun  or  stars,  which,  in  most  cases,  will 
require  to  be  at  least  half  a  mile  from  the  place 
of  observation,  and  more  if  it  can  be  obtained. 
Observatories  may  be  distinguished  into 
public  and  private.  A  private  observatory 
may  be  comprehended  in  a  comparatively 
small  building,  or  in  the  wing  of  a  building 
of  ordinary  dimensions  for  a  family,  pro- 
vided the  situation  is  adapted  to  it.  Most  of 
our  densely-peopled  towns  and  cities,  which 
abound  in  narrow  streets  and  lanes,  are  gene- 
rally unfit  for  good  observatories,  unless  at  an 
elevated  position  at  their  extremities.  Pubhc 
observatories,  where  a  great  variety  of  instru- 
ments is  used,  and  where  different  observer? 
are  employed,  require  buildings  of  larger  di- 
mensions, divided  into  a  considerable  numbn 
of  apartments.  The  Observatory  of  Green- 
wich is  composed  principally  of  two  separate 
buildings,  one  of  which  is  the  observatory 
properly  so  called,  where  the  assistant  lives 
and  makes  all  his  observations;  the  other  is 
the  dwelUng-house  in  which  the  astronomer 
royal  resides.  The  former  consists  of  three 
rooms  on  the  ground-floor,  the  middle  of 
which  is  the  assistant's  sitting  and  calculating 
room,  furnished  with  a  small  library  of  such 
books  only  as  are  necessary  for  his  compiita- 
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tsons,  and  an  accurate  clock  made  by  the  cele- 
brated Graham,  which  once  served  Dr.  Halley 
as  a  transit  clock.  Immediately  over  this  is 
the  assistant's  bedroom,  with  an  alarum  to 
awake  him  to  make  his  observations  at  the 
proper  time.  The  room  on  the  eastern  side 
of  this  is  called  the  transit-xoom,  in  which  is 
an  eight-feet  transit  instrument,  with  an  axis 
of  three  feet,  resting  on  two  pieces  of  stone, 
made  by  Mr,  Bird,  bnt  successively  improved 
by  Messrs.  Doliond,  Troughton,  and  others. 
Kere  is  also  a  chair  to  observe  with,  the  back 
of  which  lets  down  to  any  degree  of  elevation 
that  convenience  may  require.  On  the  west- 
ern side  is  the  quadrant-room,  with  a  stone 
pier  in  the  middle  running  north  and  south, 
having  on  its  eastern  face  a  mural  quadrant 
of  eight  feet  radius,  by  which  observations  are 
made  on  the  southern  quarter  of  vhe  meridian, 
through  an  opening  in  the  roof  of  three  feet 
wide,  produced  by  means  of  two  sliding  shut- 
ters. On  the  western  face  is  another  mural 
quadrant  of  eight  feet  radius,  the  frame  of 
which  is  of  iron  and  the  arch  of  brass,  which 
is  occasionally  applied  to  the  north  quarter  of 
the  meridian.  In  the  same  room  is  the  famous 
zenith  sector,  twelve  feet  long,  with  which 
Dr.  Bradley  made  the  observations  which  led 
to  the  discovery  of  the  nutation  of  the  earth's 
axis  and  the  aberration  of  the  light  of  the 
fixed  stars.  Here  are  also  Dr.  Hooke's  re- 
flecting quadrant,  and  three  time-keepers  by 
Harrison.  On  the  south  side  of  this  room  a 
small  wooden  building  is  erected  for  the  pur- 
pose of  observing  the  eclipses  of  Jupiter's  satel- 
lites, occultations  of  stars  by  the  moon,  and 
other  phenomena  which  require  merely  the 
use  of  a  telescope,  and  the  true  or  mean  time. 
It  is  furnished  with  sliding  shutters  on  the 
roof  and  sides  to  view  any  part  of  the  hemi- 
sphere from  the  prime  vertical  down  to  the 
southern  horizon.  It  contains  a  forty-inch 
achromatic  with  a  triple  object-glass,  and  also 
a  five-feet  achromatic  by  Messrs.  John  and 
Peter  Dollond,  a  two-feet  reflecting  telescope 
by  Edwards,  and  a  six-feet  reflector  by  Her- 
schel.  Above  the  dwelling-house  is  a  large 
octagonal  room,  which  is  made  the  repository 
for  certain  old  instruments,  and  for  those 
which  are  too  large  to  be  used  in  the  other 
apartments.  Among  many  other  instruments, 
it  contains  an  excellent  ten-feet  achromatic 
by  Dollond,  and  a  six-feet  reflector  by  Short. 
Upon  a  platform,  in  an  open  space,  is  erected 
the  great  reflecting  telescope  constructed  by 
Mr.  Ramage  of  Aberdeen,  on  the  Herschelian 
principle,  which  has  a  speculum  of  15  inches 
diameter  and. 25  feet  focal  length,  remarkable 
for  the  great  accuracy  and  brilliancy  with 
which  it  exhibits  celestial  objects.  Various 
othei  instruments  of  a  large  size  and  of  mo- 
dern  construction   have   of  late   years  been 


introduced  into  this  observatory,  such  as  the 
large  and  splendid  transit  instrument  con- 
structed by  Trough  ton  in  1816,  the  two  large 
mural  circles  by  Troughton  and  Jones,  the 
transit  clock  by  Mr.  Hardy,  and  several  other 
instruments  and  apparatus  which  it  would  be 
too  tedious  to  enumerate  and  describe. 

Every  observatory,  whether  public  or  pri- 
vate, should  be  furnished  with  the  following 
instruments:  1.  A  transit  instrument  for  ob- 
serving the  meridian  passage  of  the  sun,  pla- 
nets, and  stars.  3.  A  good  clock,  whose 
accuracy  may  be  depended  upon.  3.  An 
achromatic  telescope  of  at  least  44  inches 
focal  distance,  with  powers  of  from  45  to  ]  80, 
for  viewing  planetary  and  other  phenomena ; 
or  a  good  reflecting  telescope  at  least  three 
feet  long,  and  the  speculum  five  inches  in 
diameter.  4.  An  equatorial  instrument,  for 
viewing  the  stars  and  planets  in  the  daytime, 
and  for  finding  the  right  ascension  and  decli- 
nation of  a  comet,  or  any  other  celestial  pheno- 
menon. Where  this  instrument  is  possessed, 
and  in  cases  where  no  great  degree  of  accu- 
racy is  required,  the  equatorial  may  be  made 
to  serve  the  general  purposes  of  a  transit  in- 
strument. 

A  private  observatory  might  be  constructed 
in  any  house  which  has  a  commanding  view 
of  the  heavens,  provided  there  is  an  apart- 
ment in  it  in  which  windows  may  be  placed, 
or  openings  cut  out  fronting  the  north,  the 
south,  the  east,  and  the  west.  The  author 
of  this  work  has  a  small  observatory  erected 
on  the  top  of  his  house,  which  commands  a 
view  of  20  miles  towards  the  east,  30  miles 
towards  the  west  and  north-west,  and  about 
20  miles  towards  the  south,  at  an  elevation 
of  more  than  200  feet  above  the  level  of  the 
sea  and  the  banks  of  the  Tay,  which  are 
about  half  a  mile  distant.  The  apartment  is 
12^  feet  long  by  8^  wide,  and  8^  feet  be- 
tween the  floor  and  the  roof.  It  has  an  open- 
ing on  the  north,  by  which  observations  can 
be  made  on  the  pole  star ;  a  window  on  the 
south,  by  which  the  meridian  passages  of  the 
heavenly  bodies  may  be  observed ;  another 
opening  towards  the  east,  and  a  fourth  open- 
ing, consisting  of  a  door,  towards  the  west, 
There  is  a  pavement  of  lead  on  the  outside, 
all  around  the  observator3''-room,  inclosed  by 
a  stone  parapet  3|  feet  high,  the  upper  part 
of  which  is  coped  with  broad  flat  stones,  in 
certain  parts  of  which  grooves  or  indentations 
are  made  for  receiving  the  feet  of  the  pedestal 
of  an  achromatic  telescope,  which  form  a 
steady  support  for  the  telescope  in  the  open 
air,  when  the  weather  is  calm  and  serene,  and 
when  observations  are  intended  to  be  made 
on  any  region  of  the  heavens.  By  placing 
an  instrument  on  this  parapet,  it  may  be  4i 
rected  to  any  point  of  the  celestial  can©»y 
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except  a  small  portion  near  the  northern 
horizon,  which  is  partly  intercepted  by  a  small 
Lill.  In  the  following  ground  plan,  fig.  91, 
A  A  A  is  the  parapet  surrounding  the  ob- 
servatory room ;  B  B  B,  a  walk  around  it 
nearly  three  feet  broad,  covered  with  lead.  0 
is  the  apartment  for  the  observatory,  having 
an  opening,  C,  to  the  north ;  another  opening, 
D.;  to  the  east,  ^  is  a  window  which  fronts 

Fig.  91. 


A  ^onth  A. 


the  south,  and  i^  is  a  door  fronthig  the  west, 
by  which  an  access  is  obtained  to  the  open 
area  on  the  outside.  G  II  I  is  an  area  on 
the  outside  towards  the  south,  covered  with 
lead,  1 5  feet  long  from  G  to  H,  and  6^  feet  from 
E  to  /,  from  which  a  commanding  view  of  the 
southern,  eastern,  and  western  portions  of  the 
heavens  may  be  obtained  :  e  e  e  e  are  positions 
on  the  top  of  the  parapet  where  a  telescope  may 
be  conveniently  placed,  when  observations  are 
intended  to  be  made  in  the  open  air.  The 
top  of  this  parapet  is  elevated  about  30  feet 
from  the  level  of  the  ground.  On  the  roof  of 
the  observatory,  about  12  feet  above  its  floor, 
on  the  outside,  is  a  platform  of  lead,  sur- 
rounded by  a  railing  six  feet  by  five,  with  a 
seat,  on  which  observations  either  on  celestial 
or  terrestrial  objects  may  occasionally  be  made. 
jKT  is  a  door  or  hatchway,  which  forms  an  en- 
trance into  the  observatory  from  the  apart- 
ment's below,  which  folds  down,  and  forms  a 
portion  of  the  floor. 

In  public  observations,  where  zenith  or 
polar  distances  require  to  be  measured,  it  is 
necessary  that  there  should  be  a  dome,  with 
an  opening  across  the  roof,  and  down  the 
north  and  south  walls.  Should  an  altitude 
or  azimuth  circle,  or  an  equatorial  instrument 
be  used,  they  will  require  a  revolving  roof 
with  openings  and  doors  on  two  opppsite 
iides,  to  enable  an  observer  to  follow  a  hea- 
(896) 


venly  body  across  all  the  cardinal  points. 
The  openings  may  be  about  15  inches  wide, 
and  the  roof  need  not  be  larger  than  what  is 
requisite  for  giving  room  to  the  observer  and 
the  instrument,  lest  its  bulk  and  weight  should 
impede  its  easy  motion.  There  have  been 
various  plans  adopted  for  revolving  domes. 
Fig.  92  represents  a  section  of  the  rotatory 
dome  constructed  at  East  Sheen  by  the  Rev. 


Dr.  Pearson.  This  dome  turns  round  on 
three  detached  spheres  of  lignum  vitaB,  in  a 
circular  bed,  formed  partly  by  the  dome,  and 
partly  by  the  cylindrical  framework  which 
surrounds  the  circular  room  of  nine  feet  di- 
ameter. A  section  of  this  bed  forms  a  square 
which  the  sphere  just  fills,  so  as  to  have  a 
small  play  to  allow  for  shrinking ;  and,  when 
this  dome  is  carried  round,  the  spheres,  hav- 
ing exactly  equal  diameters  of  4^  inches  each, 
when  placed  at  equal  distances  from  one  an- 
other, keep  their  relative  places,  and  move 
together  in  a  beautifully  smooth  manner. 
These  spheres  act  as  friction  rollers  in  two 
directions  at  the  four  points  of  contact,  in 
case  any  obstacle  is  opposed  to  their  progres- 
sive motion  by  the  admission  of  dirt,  or  by 
any  change  of  figure  of  the  wood  that  com- 
poses the  rings  of  the  dome  and  of  the  gang- 
way. No  groove  is  here  made  but  what  the 
weight  of  the  roof  resting  on  the  hard  sphere 
occasions.  The  dome  itself  moves  twice 
round  for  the  balls  once,  and  has,  in  this  way, 
its  firiction  diminished.  The  wood  of  this 
dome  is  covered  by  Wyatt's  patent  copper, 
one  square  foot  of  which  weighs  upward  of  a 
pound ;  and  the  copper  is  so  turned  over  the 
nails  that  fix  it  at  the  parts  of  junction  thai 
not  a  single  nail  is  seen  in  the  whole  dome. 
This  covering  is  intended  to  render  the  dome 
more  permanent  than  if  it  had  been  made  of 
wood  alone.  At  the  observatory  at  Cam- 
bridge the  dome  is  made  chiefly  of  iron.     In 
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tke  figure,  a  a  represents  one  of  the  two  ob- 
long doors  that  meet  at  the  apex  of  the  cone, 
and  a  piece  of  sheet-copper,  bent  over  the 
upper  end  of  the  door  which  shuts  last,  keeps 
the  rain  from  entering  at  the  place  of  junction. 
The  two  halves  of  the  dome  are  united  by 
brass  rods  passing  through  the  door-cheeks 
of  wainscot  at  a  and  a  by  means  of  nuts  that 
screw  upon  their  ends,  which  union  allows 
the  dome  to  be  separated  into  two  parts  when 
there  may  be  occasion  to  displace  it.  The 
wooden  plate  h  6,  which  appears  in  a  straight 
line,  is  a  circular  broad  ring,  to  which  the 
covering  wainscot  boards  are  made  fast  above 
the  eaves,  and  c  c  is  a  similar  ring  forming 
the  wall-plate  or  gangway  on  which  the  dome 
rests  and  revolves. 


Fig.  92*  shows  a  small  door  that  lies  over 
the  summit  of  the  dome,  and  may  be  sepa- 
rately opened  for  zenith  observations ;  the  rod 
of  metal,  with  a  ring  at  the  lower  end  passing 
through  it,  serves  to  open  and  shut  this  door, 
and  at  the  same  time  carries  upon  its  upper 
end  a  large  ball,  which  falls  back  on  the  roof 
when  the  door  is  open,  and  keeps  the  door  in 
a  situation  to  be  acted  upon  by  the  hook  of  a 
handle  that  is  used  for  this  purpose.  The 
doors  a  «,  being  curved,  are  made  to  open  in 


two  halves,  the  upper  one  being  opened  first, 
on  account  of  its  covering  the  end  of  the 
other ;  and  the  observer  may  open  one  or  two 
doors,  as  may  best  suit  his  purpose.  The 
weight  of  this  dome  is  such  that  a  couple  of 
wedges,  inserted  by  a  gentle  blow  between 
the  rings  h  h  and  c  c,  will  keep  it  in  its  situa- 
tion under  the  influence  of  the  strongest 
wind. 

It  may  not  be  improper  to  remark,  that  m 
all  observatories,  and  in  every  apartment  where 
celestial  observations  a^e  made,  there  shoul(J, 
if  possible,  be  a  uniform  temperature;  and, 
consequently,  a  fire  should  never  be  kept  in 
such  places,  particularly  when  observations 
are  intended  to  be  made,  as  it  would  cause 
currents  of  air  through  the  doors  and  other 
openings  which  would  be  injurious  to  the  ac- 
curacy of  observations.  When  a  window  is 
opened  in  an  ordinary  apartment  where  a  fire 
is  kept,  there  is  a  current  of  heated  air  which 
rushes  out  at  the  top,  and  a  current  of  cold 
air  which  rushes  in  from  below,  producing 
agitations  and  undulations  which  prevent 
even  a  good  telescope  from  showing  celestial 
objects  distinct  and  well  defined ;  and  I  have 
no  doubt  that  many  young  observers  have 
been  disappointed  in  their  views  of  celestial 
phenomena  fi^om  this  circumstance,  when 
viewing  the  heavenly  bodies  from  heated 
rooms  in  cold  winter  evenings,  as  the  aerial 
undulations  before  the  telescope  prevent  dis- 
tinct vision  of  such  objects  as  the  belts  of 
Jupiter,  the  spots  of  Mars,'  and  the  rings  of 
Saturn. 


CHAPTER  IV. 

On  Orreries  or  Planetariums, 


An  orrery  is  a  machine  for  representing 
the  order,  the  motions,  the  phases,  and  other 
phenomena  of  the  planets.  Although  orre- 
ries and  planetariums  are  not  so  much  in  use 
as  they  were  half  a  century  ago,  yet,  as  they 
tend  to  assist  the  conceptions  of  the  astrono- 
mical tyro  in  regard  to  the  motions,  order, 
and  positions  of  the  bodies  which  compose 
the  solar  system,  it  may  not  be  inexpedient 
shortly  to  describe  the  principles  and  construc- 
tion of  some  of  these  machines. 

The  reason  why  the  name  Orrery  was  at 
first  given  to  such  machines  is  said  to  have 
been  owing  to  the  following  circumstance: 
Mr.  Rowley,  a  mathematical  instrument- 
maker,  having  got  one  from  Mr.  George 
Graham,  the  original  inventor,  to  be  sent 
abroad  with  some  of  his  own  instruments,  he 
copied  it,  and  made  the  first  for  the  Earl  of 
Orrery.  Sir  R.  Steele,  who  knew  nothing  of 
113 


Mr.  Graham's  machine,  thinking  to  do  justice 
to  the  first  encourager,  as  well  as  to  the  in- 
ventor of  such  a  curious  instrument,  called  it 
an  Orrery,  and  gave  Mr.  Rowley  the  praise 
due  to  Mr.  Graham.  The  construction  of 
such  machines  is  not  a  modern  invention. 
The  hollow  sphere  of  Archimedes  was  a  pieco 
of  mechanism  of  this  kind,  having  been  in- 
tended to  exhibit  the  motions  of  the  sun,  the 
moon,  and  the  five  planets  according  to  the 
Ptolemaic  system.  The  next  orrery  of  which 
we  have  any  account  was  that  of  Posidonius, 
who  lived  about  80  years  before  the  Christian 
era,  of  which  Cicero  says,  "  If  any  man  should 
carry  the  sphere  of  Posidonius  into  Scythia 
or  Britain,  in  every  revolution  of  which  the 
motions  of  the  sun,  moon,  and  five  planets 
were  the  same  as  in  the  heavens  each  day  and 
night,  who  in  those  barbarous  countries  could 
doubt  of  its  being  finished,  not  to  say  actuated^ 
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by  perfect  reason  1"  The  next  machine  of 
this  kin^  which  history  records  was  constructed 
by  the  celebrated  Boethius,  the  Christian  phi- 
losopher, about  the  year  of  Christ  510,  of 
which  it  was  said  "tliat  it  was  a  machine 
pregnant  with  the  universe — a  portable  heaven 
— a  compendium  of  all  things."  After  this 
period  we  find  no  instances  of  such  mechan- 
ism of  any  note  till  the  16th  century,  when 
science  began  to  revive  and  the  arts  to  flourish. 
About  this  time  the  curious  clock  in  Hampton 
Court  Palace  was  constructed,  which  shows 
not  only  the  hours  of  the  day,  but  the  motions 
of  the  sun  and  moon  through  all  the  signs  of 
the  zodiac,  and  other  celestial  phenomena. 
Another  piece  of  mechanism  of  a  similar  kind 
is  the  clock  in  the  Cathedral  of  Strasburg, 
in  which,  besides  the  clock  part,  is  a  celestial 
globe  or  sphere  with  the  motions  of  the  sun, 
moon,  planets,  and  the  firmament  of  the  fixed 
stars,  which  was  finished  in  1574. 

Among  the  largest  and  most  useful  pieces 
of  machinery  of  this  kind  is  the  great  sphere 
erected  by  Dr.  Long,  in  Pembroke  Hall,  in 
Cambridge.  This  machine,  which  he  called 
the  L'ranvmn,  consists  of  a  planetarium,  which 
exhibits  the  motion  of  the  earth  and  the  pri- 
mary planets,  the  sun,  and  the  motion  of  the 
moon  round  the  earth,  all  inclosed  within  a 
sphere.  Upon  the  sphere,  besides  the  prin- 
cipal circles  of  the  celestial  globe,  the  zodiac 
is  placed,  of  a  breadth  sufficient  to  contain  the 
apparent  path  of  the  moon,  with  all  the  stars 
over  which  the  moon  can  pass ;  also  the  eclip- 
tic, and  the  heliocentric  orbits  of  all  the  planets. 
The  Earth  in  the  planetarium  has  a  movable 
horizon,  to  which  a  large  movable  brass  circle 
within  the  sphere  may  be  set  coincident,  re- 
presenting the  plane  of  the  horizon  continued 
to  the  starry  heavens.  The  horizons,  being 
turned  round,  sink  below  the  stars  on  the  east 
side,  and  make  them  appear  to  rise,  and  rise 
above  the  stars  on  the  west  side,  and  make 
them  appear  to  set.  On  the  other  hand,  the 
earth  and  the  horizon  being  at  rest,  the  sphere 
may  be  turned  round  to  represent  the  appa- 
rent diurnal  motion  of  the  heavens.  In  order 
to  complete  his  idea  on  a  large  scale,  the  doctor 
erected  a  sphere  of  18  feet  diameter,  in  which 
above  30  persons  might  sit  conveniently,  the 
entrance  to  which  is  over  the  south  pole  by 
six  steps.  The  frame  of  the  sphere  consists 
of  a  number  of  iron  meridians,  the  northern 
ends  of  which  are  screwed  to  a  large  round 
plate  of  brass  with  a  hole  in  the  centre  of  it ; 
through  this  hole,  from  a  beam  in  the  ceiling, 
comes  the  north  pole,  a  round  iron  rod  about 
three  inches  long,  and  which  supports  the 
ijpper  part  of  the  sphere  to  its  proper  elevation 
for  the  latitude  of  Cambridge,  so  much  of  it 
as  is  invisible  in  England  being  cut  off,  and 
the  lower  or  southern  ends  of  the  meridians 


terminate  on,  and  are  screwed  down  to,  @ 
strong  circle  of  oak  13  feet  in  diameter,  which, 
when  the  sphere  is  put  in  motion,  runs  upon 
large  rollers  of  lignum  vitse,  in  the  mannet 
that  the  tops  of  some  windmills  turn  round. 
Upon  the  iron  meridians  is  fixed  a  zodiac  of 
tin  painted  blue,  on  which  the  ecliptic  and 
heliocentric  orbits  of  the  planets  are  drawn, 
and  the  stars  and  constellations  traced.  The 
whole  is  turned  round  with  a  small  winch, 
with  as  little  labour  as  it  takes  to  wind  up  a 
jack,  although  the  weight  of  iron,  tin,  and  the 
wooden  circle  is  above  a  thousand  pounds. 
This  machine,  though  now  somewhat  ne- 
glected, may  still  be  seen  in  Pembroke  Hall, 
Cambridge,  where  I  had  an  opportunity  of 
inspecting  it  in  November,  1839.  The  essen" 
tial  parts  of  the  machine  still  remain  nearly  in 
the  same  state  as  when  originally  constructed 
in  1758. 

The  machine  which  I  shall  noiv  describe 
is  of  a  much  smaller  and  less  complex  de- 
scription than  that  which  has  been  noticed 
above,  and  may  be  made  for  a  comparatively 
small  expense,  while  it  exhibits  with  sufficient 
accuracy  the  motions,  phases,  and  positions 
of  all  the  primary  planets,  with  the  exception 
of  the  new  planets,  which  cannot  be  accu- 
rately represented  on  account  of  their  orbits 
crossing  each  other.  In  order  to  the  construc- 
tion of  the  planetarium  to  which  I  allude,  we 
must  compare  the  proportion  which  the  annua! 
revolutions  of  the  primary  planets  bear  to  that 
of  the  Earth.  This  proportion  is  expressed 
in  the  following  table,  in  which  the  first 
column  is  the  time  of  the  Earth's  period  in 
days ;  the  second,  that  of  the  planets  ;  and  the 
third  and  fourth  are  numbers  very  nearly  in 
the  same  proportion  to  each  other : 

365J  :         88  :  :  83  :     20  for  Mercuryo 

365^  :       224|  :  :  52  :     32  for  Venus. 

365i  .       687  :  :  40  ;     75  for  Mars. 

366i  :     4332^  :  :     7  :     83  for  Jupiter, 

365i  :  10759f  :  :     5  :   148  for  Saturuo 

365^  :  30686  :  :     3  :  253  for  Uranus. 

On  account  of  the  number  of  teeth  required 
for  the  wheel  which  moves  Uranus,  it  is  fre- 
quently omitted  in  planetariums,  or  the  pla« 
net  is  placed  upon  the  arbour  which  supports 
Satuni.  If  we  now  suppose  a  spindle  or 
arbour  with  six  wheels  fixed  upon  li  in  a  ho- 
rizontal position,  having  the  number  of  teeth 
in  each  corresponding  to  the  numbers  in  the 
third  column,  namety,  the  wheel  A  M  (fjg.  93) 
of  83  teeth,  B  L  of  52,  C  K  of  50,  for  the 
earth,  D  /  of  40,  E  H  of  7,  and  F  (?  of  5 ; 
and  another  set  of  wheels  moving  freely  about 
an  arbour  having  the  number  of  teeth  in  the 
fourth  column,  namely,  A  N  oi  %0,  B  0  of 
32,  C  P  of  50,  for  the"  earth,  D  Qof75,EM 
of  83,  and  F  S  of  148     then,  if  these  two 
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presented,  the  teeth  of  the  former  will  take 
hold  of  those  of  the  latter,  and  turn  them 
freely  when  the  machine  is  in  motion.  These 
arbours,  with  their  wheels,  are  to  be  placed  in 
a  box  of  a  proper  size,  in  a  perpendicular  po- 
sition ;  the  arbour  of  fixed  wheels  to  move  in 
pivots  at  the  top  and  bottom  of  the  box,  and 
She   arbour   of   the    movable   wheels   to   go 
through  th(^top  of  the  box,  and  having  on 
the  top  a  wire  fixed,  and  bent  at  a  proper  dis- 
tance into  a  right  angle  upward,  bearing  on 
the  top  a  small  round  ball  representing  its 
proper  planet.     If,  then,  on  the  lower  part  of 
the  ai-bour  of  fixed  wheels  be  placed  a  pinion 
of  screw-teeth,  a  winch  turning  a  spindle  with 
an  endless  screw,  playing  in  the  teeth  of  the 
arbour,  vvrill  turn  it  with  all  its  wheels,  and 
these  wheels  will  turn  the  others  about,  with 
their  planets,  in  their  proper  and  respective 
periods  of  time  ;  for  while  the  fixed  wheel  C 
K  moves  its  equal  C  P  once  round,  the  wheel 
A  If  will  m.ove  ^  iVa  little  more  than  four 
times  round,   and  will  consequently  exhibit 
the  motion  of  Mercury;  the  wheel  E  if  will 
turn  the  wheel  E  R  about  yi^th  round,  repre- 
senting the  proportional  motion  of  Jupiter; 
and  the  wheel  F  G  will  turn  the  wheel  F 


S  about  ^^^-gth  round,  and  represent  the  mo 
tion  of  Saturn,  and  so  of  all  the  rest. 

The  following  figure  (fig.  94)  represents 
the  appearance  of  the  instrument  when  com- 
pleted. Upon  the  upper  part  of  the  circular 
box  is  pasted  a  zodiac  circle  divided  into  12 
signs,  and  each  sign  into  30  degrees,  with  the 
corresponding  days  of  the  month.  The  wheel- 
work  is  understood  to  be  within  the  box, 
which  may  either  be  supported  by  a  tripod,  or 
with  four  feet,  as  here  represented.  The  moon 
and  the  satellites  of  Jupiter,  Saturn,  and  Ura- 
nus, are  movable  only  by  the  hand.  When 
the  winch  Wis  turned,  then  all  the  primary 
planets  are  made  to  move  in  their  respective 
velocities.  The  ball  in  the  centre  represents 
the  Sun,  which  is  either  made  of  brass,  or  of 
XfQ^  gilded  with  gold. 


exhibitions  may  be  made  and  problems  per» 
formed,  which  may  be  conducive  to  the  in- 
struction of  young  students  of  Astronomy.  I 
shall  mention  only  a  few  of  these  as  speci- 
mens. 

1.  When  the  planets  are  placed  in  their 
respective  positions  by  means  of  an  epheme- 
ris  or  the  Nautical  Almanac,  the  relative  po- 
sitions   of  those  bodies  in  respect   to   each 
other,  the  quarters  of  the  heavens  where  they 
may  be  observed,  and  whether  they  are  to  be 
seen^  in  the  morning  before  sunrise  or  in  the 
evening  after  sunset,  may  be  at  once  deter- 
mined.    For  example,  on  the  19th  of  Decem- 
ber, 1844,  the  heliocentric  places  of  the  pla- 
nets are   as  follows;  Uranus,   2°   of  Aries; 
Saturn,  8°  24'  of  Aquarius;  Jupiter,  7°  4'  of 
Aries;  Mars,   12°  45'  of  Libra;  the  Earth, 
27°  46'  of  Gemini ;  Venus,  29°  48'  of  Virgo, 
Mercury,  7°  53'  of  Pisces.     When  the  pla- 
nets are  placed  on  the  planetarium  in  these 
positions,  and  the  eye  placed  in  a  line  with 
the    balls   representing    the   Earth   and   the 
Sun,  all  those  situated  to  the  left  of  the  sun 
are  to  the  east  of  him,  and  are  to  be  seen  in 
the  evening,  and  those  on  the  right  in  the 
morning.  In  the  present  case,  Uranus,  Saturn, 
Jupiter,  and  Mercury  are  evening  stars,  and 
Mars  and  Venus  can  only  be  seen  in  the 
morning.     Jupiter   is    in    an    aspect  nearly 
quartile,   or    three    signs   distant  firom   the 
sun,  and  Uranus  is  nearly  in  the  same  aspect. 
Saturn  is  much  nearer  the  sun,  and  Mer- 
cury is  not  far  from  the  period  of  its  greatest 
eastern  elongation.    Mars  is  not  far  from  being 
in  a  quartile  aspect  west  of  the   sun,   and 
Venus  is  near  the  same  point  of  the  heavens, 
approaching  to  the  period  of  its  greatest  west" 
trn  elongation,  and  consequently  will  be  iseen 

(899) 


Hosted  by  Google 


182 


THE  PRACTICAL  ASTRONOMER. 


before  sunrise  as  a  beautiful  morning  star. 
Jupiter  and  Uranus,  to  the  east  of  the  sun, 
appear  nearly  directly  opposite  to  Venus 
and  Mars,  which  are  to  the  west  of  the  sun. 
The  phase "^  of  Venus  is  nearly  that  of  a  half 
moon,  and  Mercury  is  somewhat  gibbous,  ap- 
proaching to  a  half-moon  phase.  If,  now,  we 
turn  the  machine  by  the  winch  till  the  index 
of  the  earth  point  at  the  8th  of  August,  1845, 
we  shall  find  the  planets  in  the  following  po- 
sitions :  Mars  and  Saturn  are  nearly  in  oppo- 
sition to  the  sun;  Venus  and  Mercury  are 
evening  stars,  at  no  great  distance  from  each 
other,  and  Jupiter  is  a  morning  star.  In  like 
manner,  if  we  turn  the  machine  till  the  index 
point  to  any  future  months,  or  even  succeed- 
ing years,  the  various  aspects  and  positions  of 
the  planets  may  be  plainly  perceived.  When 
the  planets  are  moved  by  the  winch  in  this 
machine,  we  see  them  all  at  once  in  motion 
around  the  sun,  with  the  same  respective  ve- 
locities and  periods  of  revolution  which  they 
have  in  the  heavens.  As  the  planets  are  re- 
presented in  the  preceding  positions.  Mercury, 
Jupiter,  and  Mars  are  evening  stars,  and  Ve- 
nus, Saturn,  and  Uranus  morning  stars,  if  we 
suppose  the  earth  placed  in  a  line  with  our 
eye  and  the  sun. 

2.  By  this  instmment,  the  truth  of  the  Co- 
pernican  or  solar  system  is  clearly  represented. 
VV^hen  the  planets  are  in  motion,  we  perceive 
the  planets  Venus  and  Mercuiy  to  pass  both 
before  and  behind  the  sun,  and  to  have  two 
conjunctions.  We  observe  Mercury  to  be 
never  more  than  a  certain  angular  distance 
from  the  sun  as  viewed  from  the  earth, 
namely,  27°,  and  Venus  47°.  We  perceive 
that  the  superior  planets,  particularly  Mars, 
will  be  sometimes  much  nearer  to  the  earth 
than  at  others,  and  therefore  must  apppear 
larger  at  one  time  than  at  another,  as  they 
actually  appear  in  the  heavens.  We  see  that 
the  planets  cannot  appear  from  the  earth  to 
move  with  uniform  velocity ;  for  when  near- 
est they  appear  to  move  faster,  and  slower 
when  most  remote.  We  likewise  observe 
that  the  planets  appear  from  the  earth  to  move 
sometimes  direct,  or  from  west  to  east ;  then 
become  retrograde,  or  from  east  to  west,  and 
between  both  to  be  stationary  f  all  which 
particulars  exactly  correspond  with  celestial 
observations.  For  illustrating  these  particu- 
lars, there  is  a  simple  apparatus,  represented 
by  fig.  95,  which  consists  of  a  hollow  wire 
with  a  slit  at  top,  which  is  placed  over  the 

*  The  balls  which  represent  the  different  pla- 
nets on  this  machine  have  their  hemispheres 
painted  black,  with  the  white  side  turned  directly 
to  the  sun,  so  that  if  the  eye  be  placed  in  a  line 
with  the  earth  and  the  planet,  particularly  Mer- 
cury and  Venus,  its  phase  in  the  he.wens  at  that 
time,  as  viewed  with  a  telescope,  iMay  be  dis- 
tinctly perceived. 
(900) 


arm  of  Mercury  or  Venus  at  E,    The  ama 
D  G  represents  a  ray  of  light  coming  from 

Fig.  95. 


the  planet  at  D  to  the  earth  at  F.  The  pla- 
nets  being  then  in  motion,  the  planet  D,  as 
seen  in  the  heavens  from  the  earth  at  F,  will 
undergo  the  several  changes  of  position  which 
we  have  described  above,  sometimes  appear-  . 
ing  to  go  backward,  and  at  other  times  for- 
ward. The  wire  prop,  now  supposed  to  be 
placed  over  Mercury  at  jE,  may  likewise  be 
placed  over  any  of  the  other  planets,  particu- 
larly Mars,  and  similar  phenomena  will  be 
exhibited. 

This  machine  may  likewise  be  used  to  ex- 
hibit the  falsity  of  the  Ptolemaic  system,  which 
places  !the  earth  in  the  centre,  and  supposes 
the  sun  and  all  the  planets  to  revolve  around 
it.  For  this  purpose,  the  ball  representing 
the  Sun  is  removed,  and  placed  on  the  wire 
or  pillar  which  supports  the  Earth,  and  the 
ball  representing  the  Earth  is  placed  in  the 
centre.  It  will  then  be  observed  that  the 
planets  Mercury  and  Venus,  being  both  with- 
in the  orbit  of  the  sun,  cannot  at  any  time  be 
seen  to  go  behind  it,  whereas  in  the  heavens 
we  as  often  see  them  go  behind  as  before  the 
sun.  Again,  it  shows  that  as  the  planets 
move  in  circular  orbits  about  the  central  earth, 
they  ought  at  all  times  to  appear  of  the  same 
magnitude,  while,  on  the  contrary,  we  observe 
their  apparent  magnitudes  in  the  heavens  to 
be  very  variable.  Mars,  for  example,  appear- 
ing sometimes  nearly  as  large  as  Jupiter,  and 
at  other  times  only  like  a  small  fixed  star. 
Again,  it  is  here  shown  that  the  planets  may 
be  seen  at  all  distances  from  the  sun ;  for  ex- 
ample, when  the  sun  is  setting.  Mercury  and 
Venus,  according  to  this  arrangement,  might 
be  seen,  not  only  in  the  south,  but  even  in 
the  eastern  quarter  of  the  heavens :  a  pheno- 
menon which  was  never  yet  observed  in  any 
age,  Mercury  never  appearing  beyond  27°  of 
the  sun,  nor  Venus  beyond  48°.  In  short, 
according  to  the  system  thus  represented,  it 
is  seen  that  the  motions  of  the  planets  should 
all  be  regular,  and  uniformly  the  same  in 
every  part  of  their  orbits,  and  that  they  should 
all  move  the  same  way,  namely,  from  west  to 
east ;  whereas  in  the  heavens  they  are  seen 
to  move  with  variable  velocities,  sometimes 
appearing  stationary,  and  sometimes  moving 
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from  east  to  west,  and  from  west  to  east :  all 
which  circumstances  plainly  prove  that  the 
Ptolemaic  cannot  be  the  true  system  of  the 
universe. 

A  planetarium  such  as  that  now  described 
might  be  constructed  with  brass  wheel-work 
for  about  five  guineas.  The  brass  wheel- 
work  of  one  which  I  long  since  constructed 
cost  about  three  guineas,  and  the  other  parts 
of  the  apparatus  about  two  guineas  more. 
The  following  are  the  prices  of  some  instru- 
mejits  of  this  kind  as  made  by  Messrs.  Jones, 
30  Lower  Holborn,  London ;  "  An  orrery, 
showing  the  motions  of  the  Earth,  Moon,  and 
inferior  planets,  Mercury,  and  Venus,  by 
wheel-work,  the  board  on  which  the  instru- 
ment moves  being  13  inches  diameter,  £4. 
14:S.  6d.  A  planetarium,  showing  the  mo- 
tions of  all  the  primary  planets  by  wheel- work 


Fig.  96. 


three  axes  or  arbours,  indicated  by  the  letters 
ABC,  Axis  "  C,"  the  "  yearly  axis," 
Is  assumed  to  make  one  revolution  in  365,- 
242,236  days,  or  in  365  days  5h  48™  49.19% 
and  is  furnished  with  wheels,  17,  44,  54,  36, 
140,  96,  127,  86,  which  wheels  are  all  firmly 
riveted  to  said  axis,  and  consequently  they 
turn  round  with  it  in  the  same  time.  Axle 
"  B"  is  a  fixture ;  it  consists  of  a  steel  rod,  on 
which  a  system  of  pairs  of  wheels  revolve ; 
thus  wheels  40  and  77  are  made  fast  together 
by  being  riveted  on  the  same  collet,  repre- 
sented by  the  thick,  dark  space  between  them, 
as  also  of  the  rest :  the  several  wheels  on  this 
axis  may  be  written  down  thus:  -4.^,  ^4  9  ,  |a, 
If.  30,  f  J,  U,  If,  96,  U'  n-  On  axis  A, 
a  system  of  wheels,  furnished  with  tubes,  re- 
volve, and  these  tubes  carry  horizontal  arms, 
supporting  perpendicular  stems  with  the  pla- 
nets. The  wheels  on  this  axis  are  173,  |^1, 
.11,  119,  iff.  Iff,  83,  239,  96,  128,72. 
From  the  following  short  description,  the  na- 
ture of  their  several  actions  will,  it  is  pre- 
sumed, be  readily  understood,  viz. 
MERCURY'S  On  the  axis  "  C"  at  the  bottom 
^RiOD.  jg  wheel  86,  which  turns  round  in 
365  days  5h  48'"  49. 19^  This 
wheel  impels  a  small  wheel  of  22 


with  1^  inch  or  three  inch  papered  globes, 
according  to  the  wheel-work  and  the  ncatnesa 
of  the  stands,  from  £7  I7s.  6d.  to  £10  10s. 
Ditto,  with  wheel-work  to  show  the  parallel- 
ism of  the  Eatth's  axis,  the  motions  of  the 
Moon,  her  phases,  &c.,  £18  I85.  Ditto, 
with  wheel- work  to  show  the  Earth's  diurnal 
motion,  on  a  brass  stand  in  mahogany  case, 
£22  I5.  A  small  tellurian,  showing  the  mo* 
tionof  the  Earth  and  Moon,  &c.,  £1  8s." 

HENllEIlSO]!f's    PLANETARIUM. 

The  following  is  a  description  of  the  most 
Complete  and  accurate  planetarium  I  have 
yet  seen.  The  calculations  occupied  more  than 
eight  months.  For  this  article  I  am  indebted  to 
my  learned  and  ingenious  friend.  Dr.  Hender- 
son, F.R.A.S.,  who  is  known  to  many  of  my 
readers  by  his  excellent  astronomical  writings. 
Section  of  the  wheel- 
work  of  a  planetarium  for 
showing  with  the  utmost 
degree  of  accuracy  the 
mean  tropical  revolutions 
of  the  planets  round  the 
sun,  calculated  by  E.  Hen- 
derson, L.L.D.,  &c. 

In  the  section  the  dark 
horizontal  lines  represent 
the  wheel- work  of  the  pla- 
netarium, and  the  annexed 
numerals  the  numbers 
of  teeth  in  the  given 
wheel.  The  machine  has 
teeth,  to  which  is  made  fast  wheel 
67,  both  revolving  together  at  the 
foot  of  axis  B ;  wheel  67  drives  a 
wheel  of  72  once  round  in  the 
period  of  87  days  23^  14"'  36.1": 
this  last-mentioned  wheel  has  a 
long  tube,  which  turns  on  the  steel 
axis  A,  and  carries  a  horizontal  arm 
with  the  planet  Mercury  round  the 
sun  in  the  time  above  noted. 
VENUS's  On  axis  "  C"  is  wheel  1 27,  which 

PERIOD.  drives  wheel  47,  to  which  is  riveted 
a  wheel  of  77  teeth,  which  impels 
a  wheel  of  1 28  teeth  on  axis  A,  and 
causes  it  to  make  a  revolution  in 
224  days  16^  4P»  31.1s,  and  is 
furnished  with  a  tube,  which  re- 
volves over  that  of  Mercury,  and 
ascends  through  the  cover  of  the 
machine,  and  bears  an  arm  on 
which  is  placed  a  small  ball  repre- 
senting this  planet  in  the  time  stated. 
THE  The  motion  of  the  Earth  round 

PERIOD?  the  Sun  is  simply  effected  as  follows  s 
the  assumed  value  of  axis  "  C" 
the  "yearly  axis,"  is  365  days  6^ 
48™  49.19^;  hence  a  system  of 
wheels  having  the  same  number  oi 
4  G  (90iy 
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teeth,  or,  at  all  events,  the  first 
mover  and  last  wheel  impelled, 
must  be  equal  in  their  numbers  of 
teeth.  In  this  machine  three  wheels 
are  employed,  thus :  a  wheel  hav- 
ing 96  teeth  is  made  fast  to  the 
yearly  axis  O,  and  of  course  moves 
round  vnth  it  in  a  mean  solar  year, 
as  above  noted ;  this  wheel  impels 
another  wheel  of  96  teeth  on  axis 
B,  and  this,  in  its  turn,  drives  a 
third  wheel  of  96  teeth  on  axis  A, 
and  is  furnished  with  a  long  tube 
which  revolves  over  that  of  Venus, 
and  ascends  above  the  cover-plate 
of  the  machine,  and  bears  a  hori- 
zontal arm  which  supports  a  small 
terrestrial  globe,  which  revolves  by 
virtue  of  said  wheels  once  round 
the  sun  in  365  days  5^  48'^'  49.1 9\ 

The  revolution  of  this  planet  is 
effected  as  follows :  a  wheel  of  140 
teeth  is  made  fast  to  the  yearly  axis 
0,  and  drives  on  axis  B  a  wheel  of 
65  teeth,  to  which  is  fixed  a  wheel 
of  59  teeth,  which  impels  a  large 
wheel  of  239  teeth  on  axis  A  once 
round  the  sun  in  686  days  22^  18"^ 
33.6^ :  this  last  mentioned  wheel  is 
also  furnished  with  a  tube  which 
revolves  over  that  of  the  earth,  and 
carries  a  horizontal  arm  bearing  the 
ball  representing  Mars,  and  causes 
it,  to  complete  a  revolution  rouiid 
the  sun  in  the  period  named. 

The  period  of  of  Vesta  is  accom- 
plished thus,  viz.  :  on  the  yearly 
axis  C  is  made  fast  a  wheel  of  36 
teeth,  which  drives  a  wheel  of  65 
teeth,  on  axis  B,  to  which  is  fixed 
a  wheel  of  41  teeth,  which  impels  a 
wheel  of  83  teeth  on  axis  A  once 
round  in  1336  days  0^21'"  19.8«| 
the  tube  of  which  last  wheel  ascends 
on  that  of  Mars,  and,  like  the  rest, 
bears  an  arm  supporting  a  ball  re- 
presenting this  planet. 

For  the  revolution  of  Juno,  the 
yearly  axis  C  is  furnished  with  a 
wheel  of  54  teeth,  which  impels  a 
wheel  of  50  teeth  on  axis  B,  to 
which  is  made  fast  a  wheel  of  27 
teeth,  which  turns  a  wheel  of  127 
teeth  on  axis  A  once  round  in  1590 
days  17^  35*"  2.7%  and  the  tube  of 
which  ascends  on  that  of  Vesta,  and 
supports  a  horizontal  arm  which 
carries  a  small  ball  representing  this 
planet  in  the  period  named. 

The  revolution  of  Ceres  is  de- 
rived from  the  period  of  Jyno,  be- 
cause wheel-work  taken  from  the 
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unit  of  a  solar  year  was  not  nui 
ficiently  accurate  for  the  purpose, 
therefore  on  Juno's  wheel  of  127 
teeth  is  fixed  a  wheel  of  123  teeth, 
which  drives  a  thick  little  bevel 
sort  of  wheel  of  30  teeth  on  axis  B  i 
the  reason  of  this  small  wheel  being 
bevelled  is  to  allow  its  teeth  to  suit 
both  wheels  |f§;  wheel  30  drives 
wheel  130  on  axis  A  once  round  in 
1681  days  6^  17""  22.4%  and  the 
tube  of  wheel  130  turns  on  the  tu!)e 
of  Juno,  and  ascends  in  a  similar 
manner  with  the  rest,  and  canies  a 
horizontal  arm  supporting  a  small 
ball  representing  this  planet,  and  is 
caused  to  revolve  round  the  Sun  in 
the  above-mentioned  period  (the 
period  of  Ceres  to  that  of  Juno  is  as 
130  is  to  123  J  hence  the  wheels 
used.) 

The  period  of  Pallas  could  not  be 
derived  from  the  solar  year  with 
sufficient  accuracy,  and  recourse 
was  had  to  an  engrafted  fraction  on 
the  period  of  Ceres,  thus :  on  wheel 
130  of  Ceres  is  made  fast  a  wheel 
of  122  teeth,  which  drives  a  wheel 
of  81  teeth  on  axis  B,  to  which  is 
fixed  a  wheel  79,  which  impels  a 
wheel  of  119  teeth  on  axis  A,  and 
is  furnished  with  a  tube  which 
ascends,  and  turns  on  that  of  Ceres, 
and  supports  a  horizontal  arm,  which 
bears  a  small  ball  representing  this 
planet,  which  by  virtue  of  the  above 
train  of  wheels  is  caused  to  com- 
plete a  revolution  round  the  Sun  in 
1681  days  10*^  28'"  25.P. 

The  motion  of  this  planet  is  de- 
rived from  the  period  of  a  solar 
year,  from  the  '*  yearly  axis,"  thus  t 
on  this  axis  is  made  fast  a  wheel 
of  44  teeth,  which  turns  a  wheel  of 
94  teeth  on  axis  5,  to  which  is 
riveted  a  small  wheel  of  20  teeth, 
which  impels  a  wheel  on  axis  A 
having  M 1  teeth,  which  is  furnished 
with  an  ascending  tube  which  re- 
volves over  that  of  Pallas,  and  bears 
a  horizontal  arm  which  supports  a 
ball  representing  this  planet,  which 
by  the  said  train  of  wheels  is  caused 
to  revolve  round  the  Sun  in  4330 
days  14^  39°^  35.7^ 

The  periodic  revolution  of  Saturn 
is  also  taken  from  the  solar  year, 
viz.,  a  small  wheel  of  17  teeth  is 
fixed  to  the  "  yearly  axis"  near  its 
top,  and  drives  a  wheel  of  129  teeth 
on  axis  B,  to  which  is  made  fast  a 
wheel  of  49  teeth,  which  turns  ® 
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wheel  of  1 90  teeth  on  axis  A,  whose 
tube  ascends  and  revolves  on  that 
of  Jupiter's  tube,  and  supports   an 
arm,  having  a  ball  representing  Sa- 
turn and  its  rings,  and  which  by  the    ^.fjj^^"^^^" 
train  of  wheels  is  caused  to  perform    dates. 
a  revolution  round  the  sun  in  the 
period  of  10,746  days  19^  16'"  50.9^ 
The   revolution   of  this    planet 
could  not  be  attained  with  sufficient 
accuracy  from  the  period  of  a  solar 
year:    the  period   is  engrafted  on 
that  of  Saturn's,  thus :  a  wheel  of 
117  teeth  is  made  fast  to  wheel  190 
of    Saturn,   and    consequently  re- 
volves  in    Saturn's   period.      This 
wheel  of  117  teeth  drives  awheel 
on  axis  B  having  77  teeth,  to  which 
is  fixed  a  wheel  of  40  teeth,  which 
turns  on  axis  A  a  large  wheel  of 
173  teeth,  whose  tube  ascends  and 
revolves  over  that  of  Saturn,  and 
carries  a  horizontal  arm  which  sup- 
ports a  bail  representing  this  planet, 
which  is  caused  to  complete  its  re- 
volution by  such  a  train  of  wheels 
in  the  period  of  30,589  days  8^  26"^ 
58.4^     Such  is  a  brief  description 
of  the  motions  of  this  comprehen- 
sive and  very  accurate  machine. 
The  axis  A,  on  which  the   planet  tubular 
wheels  revolve,  performs  a  rotation  in  25  days 
10  hours,  by  virtue  of  the  following  train  of 
wheels,  ^i-hyl  ^^^4  hours,  that  is,  a  pinion 
of  14  is  assumed  to  revolve  in  24  hours,  and 
to  drive  a  wheel  of  61  teeth,  to  which  is  fixed 
a  pinion  of  12,  which  turns  the  wheel  70  in 
the  period  noted ;  to  this  wheel-axis  it  is  made 
fast,    and  by  revolving  with  it  exhibits  the 
Sun's  rotation. 

DiURNAL  The  machine  is  turned  by  a 
HAND.  handle  or  winch,  which  is  assumed 
to  turn  round  in  24  hours,  and  from 
this  rotation  of  24  hours  a  train  of 
wheel-work  is  required  to  cause  the 
"  yearly  axis"  C  to  turn  once  round 
in  365  days  5^'  48'"  49.19%  which  is 
effected  in  the  following  manner, 
viz. :  the  train  found  by  the  process 
of  the  reduction  of  continuous  frac- 
tions is  &i-|-y_4  +  ¥l/'  ^^^^  ^^'  ^^ 
the  train  for  turning  the  Sun,  the 
same  pinion  14  turns  the  same 
wheel  61,  and  turns  a  pinion  of  18 
leaves,  to  which  is  fixed  a  wheel  of  144 
teeth,  having  a  pinion  of  23  leaves, 
which  impels  a  large  wheel  of  241 
teeth  once  round  in  365.242236 
days,  or  365  days  5^48-  49.19^  The 
last-mentioned  wheel  of  241  teeth  is 
made  fast  to  the  under  part  of  the 
«  yearly  axis"  C  at  D,  the  handle 


having  a  pinion  of  14  leaves  therefor, 
and,  transmitting  its  motion  through 
the  above  train,  causes  the  yearly 
axis  to  revolve  in  the  same  period. 
The  planetarium  is  also  furnished 
with  a  system  of  wheels  for  regis- 
trating  dates  for  either  10,000  years 
past  or  to  come.     The  arrangement 
is  not  shown  in  the  engraving,  (to 
prevent  confusion,)  but  it  might  bo 
shortly  described  thus :  near  the  top 
of  the  yearly  axis  is  a  hooked  piece, 
e,  which  causes  the  tooth  of  a  wheel 
of  100  teeth  to  start  forward  yearly  ; 
consequently,    100    starts    of    said 
wheel  will  cause  it  to  revolve  in  100 
solar  years ;  and  it  has  a  hand,  which 
points  on  a  dial  on  the  cover  of  the 
machine  the   years:   thus,  for   the 
present  year,  this  hand  will  be  over 
the  number  45.     This  last-named 
wheel  of  100  teeth  has  a  pin,  which 
causes  a  tooth  of  another  wheel  of 
100  teeth  to  start  once  in  100  years; 
hence  this  last  wheel  will  complete 
one  revolution  in  10,000  years ;  and 
it  is  for  this  purpose  the  former  in- 
dex or  hand  moves  over  a  number 
yearly.    The  second  index  will  pass 
over  a  number  every  100  years;  for 
the  present  year,  the  second-hand  or 
index  will  be  over  the  number  18, 
and  will  continue  over  it  until  the 
first  index  moves  forward   to   99  ; 
then  both  indexes  will  move  at  one 
time,  viz.,  the  first  index  to  O  0  on 
the  first  concentric  circle. of  the  dial, 
and  the  second  index  to  19,  denoting 
the  year  1900,  and  so  of  the  rest. 
By  the  ecliptic  being  divided  in  a 
series  of  four  spirals,  the  machine 
makes  a  distinction  between  com- 
mon and  leap  years,  and  indicates 
the  common  year  as  containing  365 
days,  and  the  leap  year  366  days, 
by  taking  in   a   day  in   February 
every   fourth  year;   thus,  for   any 
given  period  for  10,000  years  past 
or  to  come,  the  various  situations 
and  aspects  of  the  planets  may  be 
ascertained  by  operating  with  this 
machine,  and  this  for  thousands  of 
years  without  producing  a  sensible 
error  either  in  space  or  time.     This 
planetarium  wheel-work  is  inclosed 
in   an   elegant    mahogany   box   of 
twelve  sides;   is  about  five  feet  in 
diameter  by  ten  inches  in  depth.^  At 
each  of  the  twelve  angles,  or  sides, 
small  brass  pillars  rise,  and  support 
a  large  ecliptic  circle,  on  which  are 
engraven  the  signs,  degrees,  and  mi- 
(903) 
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nutes  of  the  ecliptic,  the  days  of  the 

month,  &c.     This  mahogany  box 

with  the  wheel-work  is  supported 

by  a  tripod  stand  three  feet  in  height, 

and  motion  is  communicated  to  the        The  following  is  a  tabular  view  of  the  whe«}. 

several  balls  representing  the  planets    work,  periods,  &c. 


by  turning  the  handle  as  before  de- 
scribed. A  planetarium  of  thia  com- 
plicated sort  costs  sixty  guineas. 


1        PlanetB'  names. 

Wheel-work. 

Ti-opical  periods  produ 
ced  by  the  wheel- work. 

True  mean  tropical  pe- 
riods of  the  planets. 

Mercury 

22          67 

85    *   27     of  a  year 

da.     ho.  m.     s. 

87.  23.  14.  36.  1 

da.       ho.       m.      s. 

87.   23.   14.   36 

Venu3 

47       128 
127  '   77"           " 

224.  16.  41.  31.1 

224.  16.   41.    36 

The  Earth 
Mars 

Prime  mover     96  -J-  95  -|-96  " 
65  .239 
140"^  59 

365.    5.48.  49.1S 
686.  22.  18.  33.6 

365.    5.    48.    49 
686.  22.    18.    34 

Vesta 

65  ,83 
36"*"  41 

1335.    0.21.   19.8 

1335.    0.    21.    20 

Juno 

50  ,127 

1590.  17.  35.      2.7 

1590.  17.  '35.      1 

Geres 

130 
t— -1-30  of  Juno 

1681.    6.  17.    22.4 

1681.    6.    17,    29 

PaUas 

81      1_19    o^ceres 

122^  79 

1681.  10.  28.  25.1 

1681.  10.    28.    42 

Jupiter 

?iV—    of  a  year 

44  ^  20 

4S30.  14.  39.   35.7 

4330.  14.    39.    32 

Saturn 

129  ,190 
17"^  49 

10746.  19.  16.  50.9 

10746.  19.    16.    52 

1 

Uranus 

"^7    1    I'^^ofgaturn 

117  '    40 

30589.    8.  26,   58.4 

30589.     8.    26.    59 

The  Sun's  rotatio 

6i+^»of24ta. 

25.  10.  0.    0. 

25.    10.     0.     1 

The  tropical  perio 
Earth  round  the 

. i 

d  of  the-)          61      144     24I    « 
.un  .   .j-         j^-f-jQ    1-23 

365.    5.  48.  49.19 

365.      5.   48.    49 

In  the  month  of  October  last  year,  Dr.  Hen- 
derson made  a  series  of  calculations  for  a  new 
planetarium  for  the  use  of  schools.  It  shows 
with  considerable  accuracy  for  700  days  the 
mean  tropical  revolutions  of  the  planets  round 
the  sun.  The  machine  consists  of  a  system 
of  brass  wheels  peculiarly  arranged,  and  is  in- 
closed in  a  circular  case  three  feet  in  diameter, 
the  top  of  which  has  the  signs  and  degrees  of 
the  ecliptic  laid  down  on  it,  as  also  the  days 
of  the  months,  &c.  This  planetarium  costs 
only  45s.,  or,  on  a  tripod  stand,  table-high, 
55s. :  the  machine  is  put  in  motion  by  a  han- 
dle on  the  outside.  To  the  teachers  and 
3thers  connected  with  education,  this  plane- 
tarium must  be  of  great  importance,  for  with- 
out a  proper  elucidation  of  the  principles  of 
astronomy,  that  of  Geography  must  be  but, 
confusedly  understood.  This  planetarium  is 
at  present  made  by  Mr.  Dollond,  9  White 
Conduit  Grove,  Islington,  London. 

The  Tellurian  is  a  small  instrument  which 
should  be  used  in  connexion  with  the  plane- 
1;arium  formerly  described.    This  instrument 
(904) 


is  intended  to  show  the  annual  motion  of  the 
earth,  and  the  revolution  of  the  moon  around 
it.  It  also  illustrates  the  moon's  phases  and 
the  motion  of  her  nodes,  the  inclination  of  the 
Earth's  axis,  the  causes  of  ecHpses,  the  va- 
riety of  seams,  and  other  phenomena.  It  con- 
sists of  about  eight  wheels,  pinions,  and  circles. 
A  small  instrument  of  this  description  may  be 
purchased  for  about  £1  8s.,  as  stated  on 
page  183. 

ON    THE    VARIOUS     OPINIONS    WHICH     WERB 
ORIGINALLY    FORMED    OF    SATURn's    RING. 

The  striking  and  singular  phenomenon 
connected  with  the  planet  Saturn,  though  now 
ascertained  beyond  dispute  to  be  a  ring  or 
rings  surrounding  its  body  at  a  certain  dis- 
tance, was  a  subject  of  great  mystery,  and 
gave  rise  to  numerous  conjectures  and  contro- 
versies for  a  considerable  time  after  the  inven- 
tion of  the  telescope  by  which  it  was  dis- 
covered. Though  it  was  first  discovered  in 
the  year  1610,  it  was  nearly  50  years  after- 
ward before  its  true  form  and  nature  were 
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determined.  Galileo  was  the  first  who  dis- 
covered any  thing  uncommon  connected  with 
Saturn :  through  his  telescope  he  thought  he 
saw  that  planet  appear  like  two  smaller  globes 
on  each  side  of  a  larger  one ;  and  after  view- 
ing the  planet  in  this  form  for  two  years,  he 
was  surprised  to  see  it  becoming  quite  round, 
without  its  adjoining  globes,  and  some  time 
afterward  to  appear  in  the  triple  form.  This 
appearance  is  represented  in  fig.  1  of  the  fol- 
lowing engraving.  In  the  year  1614,  Schei- 
ner,  a  German  astronomer,  published  a  repre- 
sentation of  Saturn,  in  which  this  planet  is 
exhibited  as  a  large  central  globe,  with  two 
smaller  bodies,  one  on  each  side,  partly  of  a 
conical  form,  attached  to  the  planet,  and  form- 
ing a  part  of  it,  as  shown  fig.  2.  In  the  years 
1640  and  1643,  Ricciolus,  an  Italian  mathe- 
matician and  astronomer,  imagined  he  saw 
Saturn  as  represented  in  fig.  3,  consisting  of 
a  central  globe,  and  two  conical-shaped  bodies 
completely  detached  firom  it,  and  published 
an  account  of  it  corresponding  to  this  view. 
Hevelius,  the  celebrated  astronomer  of  Dant- 

Fig.  97. 


^g,  tiuthoT  of  the  Seknographia  and  other 
works,  made  many  observations  on  this  planet 
about  the  years  1643,  1649,  and  1650,  in 
which  he  appears  to  have  obtained  different 
views  of  the  planet  and  its  appendages,  gra- 
dually approximating  to  the  truth,  but  still 
incorrect.  These  views  are  represented  in 
figures  4,  5,  6,  and  7.  Fig.  4  nearly  resem- 
bles two  hemispheres,  one  on  each  side  of  the 
globe  of  Saturn.  The  other  figures  very  nearly 
resemble  the  extreme  parts  of  the  ring  as  seen 
through  a  good  telescope,  but  he  still  seems  to 
have  considered  them  as  detached  from  each 
other  as  well  as  from  Saturn.  Figures  8  and 
9  are  views  given  by  Ricciolus  at  a  period 
posterior  to  that  in  which  he  supposed  Saturn 
and  his  appendages  in  the  form  deHneated  in 
Sff.  3.  In  these  last  delineations  the  planet 
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was  supposed  to  be  inclosed  in  an  elliptical 
ring,  but  this  ring  was  supposed  to  hejixed  to 
its  two  opposite  sides. 

Fig.  10  is  a  representation  by  Eustachius 
Divini,  a  celebrated  Italian  optician  at  Bologna. 
The  shades  represented  on  Saturn  and  the 
elliptical  curve  are  incorrect,  as  this  planet 
presents  no  such  shadowy  form.  The  general 
appearance  here  presented  is  not  much  unlike 
that  which  the  ring  of  Saturn  exhibits,  ex- 
cepting that  at  the  upper  side  of  the  ring 
should  appear  covering  a  portion  of  the  orb 
of  Saturn ;  but  Divini  seems  to  have  conceived 
that  the  curve  on  each  side  was  attached  to  the 
body  of  Saturn  ;  for  when  Huygens  pulHshed 
his  discovery  of  the  ring  of  Saturn  in  1659, 
Divini  contested  its  truth,  because  he  could 
not  perceive  the  ring  through  his  own  tele- 
scopes ;  and  he  wrote  a  treatise  on  the  subject 
in  opposition  to  Huygens  in  1660,  entiMed 
"  Brevis  Annotatio  in  Systema  Saturnium." 
Huygens  immediately  replied  to  him,  and 
Divini  wrote  a  rejoinder  in  1661.  Fig.  11  is 
the  representation  given  by  Francis  Fontana, 
a  Neapolitan  astronomer.  This  figure  repre- 
sents Saturn  as  having  two  crescents,  one  on 
each  side,  attached  to  its  body,  with  intervals 
between  the  planet  and  the  crescents.  Fig.  12 
is  a  view  delineated  by  Gassendus,  a  cele- 
brated French  philosopher.  It  represents  the 
planet  as  a  large  ellipsoid,  having  a  large  cir- 
cular opening  near  each  end,  and  if  this  repre- 
sentation were  the  true  one,  each  opening 
would  be  at  least  30,000  miles  in  diameter. 
Fig.  13,  which  is  perhaps  the  most  singular 
of  the  whole,  is  said  to  be  one  of  the  views  of 
this  planet  given  by  Ricciolus.  It  represents 
two  globes,  each  of  which,  in  the  proportion 
they  here  bear  to  Saturn,  must  be  more  than 
30,000  miles  in  diameter.  These  globes  were 
conceived  as  being  aitacned  to  the  body  of 
Saturn  by  curves  or  bands,  each  of  which,  in 
the  proportion  represented,  must  have  been  at 
least  7000  miles  in  breadtn,  and  nearly  40,000 
miles  long.  This  would  have  exhibited  the 
planet  Saturn  as  a  still  more  singular  body 
than  what  we  have  found  it  to  be;  but  no 
such  construction  of  a  planet  has  yet  been 
found  in  the  universe,  nor  is  it  probable  that 
such  a  form  ot  a  olanetary  body  exists. 

It  is  remarkable  inat  only  two  general 
opinions  should  have  been  formed  respecting 
the  construction  of  Saturn,  as  appears  from 
these  representations :  either  that  this  planet 
was  composed  of  three  distinct  parts,  separate 
from  each  other,  or  that  the  appendage  on 
each  side  was  Jixed  to  the  body  of  the  planet 
The  idea  of  a  ring  surrounding  the  body  oi 
the  planet  at  a  certain  distance  from  e7ery 
part  of  it  seems  never  to  have  been  thought  of 
till  the  celebrated  Huygens,  in  1655, 1666,  and 
1657,  by  numerous  observations  made  on  this 
4  G  2  (905) 
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planet,  completely  demonstrated  that  it  is  sur- 
rounded by  a  solid  and  permanent  ring,  which 
never  changes  its  situation,  and,  without  touch- 
ing the  body  of  the  planet,  accompanies  it  in 
its  revolution  around  the  sun.  As  the  cause 
of  all  the  erroneous  opinions  above  stated  was 
owing  to  the  imperfection  of  the  telescopes 
which  were  then  in  use,  and  their  deficiency 
in  magnifying  power,  this  ingenious  astrono- 
mer set  himself  to  work  in  order  to  improve 
telescopes  for  celestial  observations.  He  im- 
proved the  art  of  grinding  and  polishing  ob- 
ject-glasses, which  he  finished  with  his  own 
hands,  and  produced  lenses  of  a  more  correct 
figure,  and  of  a  longer  focal  distance,  than 
what  had  previously  been  accomplished.  He 
first  constructed  a  telescope  12  feet  long,  and 
afterward  one  23  feet  long,  which  magnified 
about  95  times ;  whereas  Galileo's  best  tele- 
scope magnified  only  about  33  times.  He 
afterward  constructed  one  123  feet  long, 
which  magnified  about  220  times.  It  was 
used  without  a  tube,  the  object-glass  being 
placed  upon  the  top  of  a  pole,  and  connected 
by  a  cord  with  the  eyepieee.  With  such 
telescopes  this  ingenious  artist  and  mathema- 
tician discovered  the  fourth  satellite  of  Saturn, 
and  demonstrated  that  the  phenomenon  which 
had  been  so  egregiously  misrepresented  by 
preceding  astronomers  consisted  of  an  im- 
mense ring  surrounding  the  body,  and  com- 
pletely detached  from  it.  His  numerous 
observations  and  reasonings  on  this  subject 
were  published  in  Latin  in  1659,  in  a  quarto 
volume  of  nearly  100  pages,  entitled  ^^  Sy ste- 
rna Satiirnium,  sive  de  causis  mirandorum 
Saturni  Phenomenon^  et  Comite  ejus  Plane- 
fa  Nova,^'  from  which  work  the  figures  and 
some  of  the  facts  stated  above  have  been  ex- 
tracted. 

OlSr  THE  SUPPOSED  DIVrSIO^TS  OF  THE  EXTE- 
IlIOIl  UIJSG  OF  SATURIV. 

From  the  period  in  which  Huygens  lived 
till  the  time  when  Herschel  applied  his  large 
telescopes  to  the  heavens,  few  discoveries  were 
made  in  relation  to  Saturn.  Cassini,  in  1671, 
discovei-ed  the  fifth  satellite  of  this  planet ;  in 
1672,  the  third;  and  the  first  and  second  in 
March,  1684.  In  1675,  Cassini  saw  the  broad 
side  of  its  ring  bisected  quite  round  by  a  dark 
elliptical  line,  of  which  the  inner  part  appeared 
brighter  than  the  outer.  In  1722,  Mr.  Had- 
ley,  with  his  five-feet  Newtonian  reflector,  ob- 
served the  same  phenomenon,  and  perceived 
that  the  dark  line  was  stronger  next  the  body, 
and  fainter'towards  the  upper  edge  of  the  ring. 
Within  the  ring  he  also  discovered  two  belts 
across  the  disk  of  Saturn  ;  but  it  does  not 
appear  that  they  had  any  idea  that  this  dark 
line  was  empty  space  separating  the  ring  into 
two  parts.  This  discovery  was  reserved  for 
(908) 


the  late  Sir  W.  Herschel,  who  made  numerous 
observations  on  this  planet,  and  likewise  ascer- 
tained that  the  ring  performs  ia  revolution 
round  the  planet  in  ten  hours  and  thirty 
minutes. 

Of  late  years,  some  observers  have  supposed 
that  the  exterior  ring  of  Saturn  is  divided  into 
several  parts,  or,  in  other  words,  that  it  con- 
sists of  two  or  more  concentric  rings.  The 
following  are  some  of  the  observations  on 
which  this  opinion  is  founded.  They  are 
chiefly  extracted  from  Captain  Kater's  paper 
on  this  subject,  which  was  read  before  the 
Astronomical  Society  of  London. 

The  observations,  we  are  told,  were  made 
in  the  years  1825  and  1826,  and  remained 
unpublished  from  a  wish  on  the  part  of  the 
observer  to  witness  the  appearances  again. 
The  planet  Saturn  has  been  much  observed 
by  Captain  Kater  for  the  purpose  of  trying 
the  light,  &c.,  for  which  the  ring  and  satel- 
lites are  good  tests.  The  instruments  which 
were  employed  in  the  present  investigations 
were  two  Newtonian  reflectors,  one  by  Wat- 
son, of  40  inches  focus  and  6^th  aperture, 
and  another  by  DoUond,  of  68  inches  focus 
and  BJths  aperture.  The  first,  under  favour- 
able circumstances,  gave  a  most  excellent 
image ;  the  latter  is  a  very  good  instrumento 
The  following  are  extracts  from  the  author's 
journal : 

Nov.  25,  1825.  The  double  ring  beauti- 
fully defined,  perfectly  distinct  all  around,  and 
the  principal  belts  well  seen.  I  tried  many 
concave  glasses,  and  found  that  the  image 
was  much  sharper  than  with  convex  eye- 
glasses, and  the  light  apparently  much  greater. 
Dollond,  259,  the  best  power,  480,  a  single 
lens,  very  distinct.  Nov.  30,  the  night  very 
favourable,  but  not  equal  to  the  25th.  The 
exterior  ring  of  Saturn  is  not  so  bright  as  the 
interior,  and  the  interior  is  less  bright  close  to 
the  edge  next  the  planet.  The  inner  edge 
appears  more  yellow  than  the  rest  of  the  ring, 
and  nearer  in  colour  to  the  body  of  the  planet. 
Dec.  1 7.  The  evening  extremely  fine.  With 
Dollond  I  perceived  the  outer  ring  of  Saturn 
to  be  darker  than  the  inner,  and  the  division 
of  the  ring  all  around  with  perfect  distinct- 
ness ;  but  with  Watson  I  fancied  that  I  saw 
the  outer  ring  separated  by  numei'ous  dark 
divisions  extremely  close^  one  stronger  than 
the  rest,  dividing  the  ring  about  equally. 
This  was  seen  with  my  most  perfect  single 
eyeglass  power.  A  careful  examination  of 
some  hours  confirmed  this  opinion.  Jan.  16 
and  17,  1826.  Captain  Kater  believed  that 
he  saw  the  divisions  with  the  Dollond,  but 
was  not  positive.  Concave  eyeglasses  found 
to  be  superior  to  convex.  Feb.  26,  1826. 
The  division  of  the  outer  ring  not  ^een  with 
Dollond.     On  the  17th  Dec,  when  the  divi 
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eions  v/ere  most  distinctly  seen,  Captain 
Kater  made  a  drawing  of  the  appearance  of 
Saturn  and  his  rings.  The  phenomena  were 
witnessed  by  two  other  persons  on  the  same 
evening,  one  of  whom  saw  several  divisions 
in  the  outer  ring,  while  the  other  saw  one 
middle  division  only;  but  the  latter  person 
was  short-sighted,  and  unaccustomed  to  tele- 
scopic observations.  It  may  be  remarked,  how- 
ever, that  these  divisions  were  not  seen  on 
other  evenings,  which  yet  were  considered 
very  favourable  for  distinct  vision. 

It  is  said  that  the  same  appearances  were 
seen  by  Mr.  Short,  but  the  original  record  of 
his  observations  cannot  be  found.  In  La- 
lande's  Astronomy  (3d  edition,  article  3351) 
it  is  said,  "  Cassini  remarked  that  the  breadth 
of  the  ring  was  divided  into  two  equal  parts 
by  a  dark  line  having  the  same  curvatture  as 
the  ring,  and  the  exterior  portion  was  the  less 
light.  Short  told  me  that  he  observed  still 
more  singular  phenomena  with  his  large  tele- 
scope of  12  feet.  The  breadth  of  the  ansse, 
or  extremities  of  the  ring,  was,  according  to 
him,  divided  into  two  parts,  an  inner  portion 
without  any  break  in  the  illumination,  an6l  an 
outer  divided  by  several  lines  concentric  with 
the  circumference,  which  would  lead  to  a  be- 
lief that  there  are  several  rings  in  the  same 
plane."  De  Lambre  and  Birt  severally  state 
that  Short  saw  the  outer  ring  divided,  proba- 
bly on  the  authority  of  Lalande.  In  Brew- 
ster's Ferguson^s  Astronomy,  vol.  ii.  p.  125, 
2d  edition,  there  is  the  following  note  on  this 
subject :  "  Mr.  Short  assures  us  that  with  an 
excellent  telescope  he  observed  the  surface  of 
the  ring  divided  by  several  dark  concentric 
lines,  which  seem  to  indicate  a  number  of 
rings  proportional  to  the  number  of  dark  lines 
which  he  perceived." 

In  December,  1813,  at  Paris,  Professor 
Quetelet  saw  the  outer  ring  divided  with  the 
achromatic  telescope  of  ten  inches  aperture, 
i^hich  was  exhibited  at  the  exposition.    Ke 


mentioned  this  the  following  day  to  M.  de  la 
Place,  who  observed  that  "those,  or  even 
more  divisions,  were  conformable  to  the  sys- 
tem of  the  world."  On  the  other  hand,  the 
division  of  the  outer  ring  was  not  seen  by  Sir 
W.  Herschel  in  1792,  nor  by  Sir  J.  Herschcl 
in  1826,  nor  by  Struve  in  the  same  year;  and 
on  several  occasions  when  the  atmospheric 
conditions  were  most  favourable,  it  has  not 
been  seen  by  Captain  Kater.  It  has  been 
remarked  by  Sir  W.  Herschel,  Struve,  and 
others,  that  the  exterior  ring  is  much  less 
brilliant  than  the  interior;  and  it  is  asked. 
May  not  this  want  of  light  in  the  outer  ring 
arise  from  its  having  a  veiy  dense  atmosphere  1 
and  may  not  this  atmosphere  in  certain  states 
admit  of  the  divisions  of  the  exterior  ring 
being  seen,  though,  under  other  circumstances, 
they  remain  invisible  1  The  above  observa- 
tions are  said  to  have  been  confirmed  by  some 
recent  observations  by  Decuppis  at  Rome,  who 
announced,  some  years  ago,  that  Saturn's 
outer  ring  is  divided  into  two  or  three  con- 
centric rings. 

Some  of  the  observations  stated  above,  were 
they  perfectly  correct,  would  lead  to  the  con- 
clusion that  Saturn  is  encompassed  with  a 
number  of  rings  concentric  with  and  parallel 
to  each  other.  But  while  such  phenomena 
as  described  above  are  so  seldom  seen,  even 
by  the  most  powerful  telescopes  and  the  most 
accurate  observers,  a  certain  degree  of  doubt 
must  still  hang  over  the  subject;  and  we  must 
suspend  our  opinion  on  this  point  till  future 
observations  shall  either  confirm  or  render 
doubtful  those  to  which  we  have  referred. 
Should  the  Earl  of  Rosse's  great  telescope, 
when  finished  for  observation,  be  found  to 
perform  according  to  the  expectations  now 
entertained,  and  in- proportion  to  its  size  and 
quantity  of  light,  we  shall  expect  that  our 
doubts  will  be  resolved  in  regard  to  the  sup* 
posed  divisions  oi  the  ring  of  Saturn. 

(^7j 
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BRIEF  DESCRIPTION  OF  THE  EARL  OF  ROSSE'S  TELESCOPE. 


This  telescope,  the  largest  and  most  mag- 
nificent that  ever  was  attempted,  reflects  the 
greatest  honour  on  the  genius,  the  inventive 
powers,  and  the  scientific  acquirements  of  its 
noble  contriver,  as  well  as  on  the  elevated 
station  in  which  he  is  placed.  With  rank 
and  fortune,  and  every  circumstance  that 
usually  unfit  men  for  scientific  pursuit,  he 
nas  set  a  bright  example  to  his  compeers  of 
the  dignity  and  utility  of  philosophical  studies 
and  investigations,  and  of  the  aids  they  might 
render  to  the  progress  of  science,  were  their 
wealth  and  pursuits  directed  in  a  proper 
channel. 

Previously  to  his  lordship's  attempting  the 
construction  of  his  largest,  or  "  Monster  Tele- 
scope," he  had  constructed  one  with  a  specu- 
mm  of  three  feet  in  diameter,  which  was  con- 
sidered one  of  the  most  accurate  and  powerful 
instruments  that  had  ever  been  made,  not  ex- 
cepting even  Sir  W.  Herschel's  forty  feet 
reflector.  In  the  account  of  this  telescope 
published  in  the  Philosophical  Transactions 
for  1840,  his  lordship  speaks  of  the  possibility 
of  a  speculum  of  six  feet  in  diameter  being 
cast.  At  that  time  it  was  considered  by  some 
as  little  short  of  a  chimera  to  attempt  the 
constn^ction  of  such  a  monstrous  instrument ; 
but  the  idea  no  sooner  occurred  to  this  in- 
genious and  persevering  nobleman  than  he 
determined  to  put  it  to  the  test,  and  the  result 
has  been  attended  with  complete  success. 
The  materials  of  which  this  speculum  is  com- 
posed are  copper  and  tin,  united  very  nearly 
in  their  atomic  proportions,  namely,  copper 
126.4  parts,  to  tin  58.9  parts.  This  com- 
pound has  a  specific  gravity  of  8.8,  and  is 
found  to  preserve  its  lustre  with  more  splen- 
dour, and  to  be  more  free  fi-om  pores  than 
any  other.  A  foundry  was  constructed  ex- 
pressly for  the  purpose  of  casting  the  specu- 
lum. Its  chimney,  built  fi'om  the  ground, 
was  18  feet  high,  and  16^  square  at  the  base, 
tapering  to  four  at  the  top.  At  each  of  its 
sides,  communicating  with  it  by  a  flue,  was 
sunk  a  furnace  eijrht  feet  deep  and  5^  square, 
with  a  circular  oriening  four  feet  in  diameter. 
About  seven  feet  from  the  chimney  was 
elected  a  large  erane,  with  the  necessary 
tackle  for  elevat^j^  ar  and  carrying  the  crucibles 
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from  the  furnace  to  the  mould,  whicti  was 
placed  in  a  line  with  the  chimney  and  crane, 
and  had  three  iron  baskets  supported  on  pivots 
hung  round  it ;  and  four  feet  further  on  was 
the  annealing  oven.     The    crucibles  which 
contained   the  metal  were  each   two  feet  in 
diameter,  2|  deep,  and  together  weighed  one 
ton  and  a  half.     They  were  of  cast  iron,  and 
made  to  fit  the  baskets  at  the  side  of  the 
mould.     These  baskets  were  hung  on  wooden 
uprights,  or  pivots ;  to  one  of  these,  on  each 
side,  was   attached   a  lever,  by   depressing 
which  it  might  be  turned  over,  and  the  con- 
tents of  the  crucible  poured  into  the  mould. 
The  bottom  of  the  mould  was  made  by  bind- 
ing together  tightly  layers  of  hoop  iron,  and 
turning  the  required  shape  on  them  edgewise. 
This  mould  conducted  the  heat  away  through 
the  bottom,  and  cooled  the  metal  towards  the 
top  in  infinitely  small  layers,  while  the  inter- 
stices,  though  close   enough   to  prevent  the 
metal  from  escaping,  were  sufficiently  open  to 
allow  the  air  to  penetrate.     This  bottom  was 
six  feet  in  diameter  and  5|  inches  thick,  and 
was  made  perfectly  horizontal  by  means  of 
spirit  levels,  and  was  surrounded  by  a  wooden 
frame.     A  wooden  pattern,  the  exact  size  of 
the  speculum,  being  placed  on  the  iron,  sand 
was  well  packed  between  it  and  the  frame, 
and  the  pattern  was  removed.     Each  of  the 
crucibles  containing    the  melted   metal  was 
then  placed  in  its  basket,  and  every  thing  be- 
ing ready  for  discharging  their  contents,  they 
were  at  the  same  instant  turned  over,  and  the 
mould  being  filled,  the  metal  in  a  short  time 
safely  set  into  the  required  figure.     While  it 
was  red  hot,  and  scarcely  solid,  the  framework 
was  removed,   and  an   iron  ring  connected 
with  a  bar  which  passed  through  the   oven 
being  placed   round  it,  it  was  drawn  in  by 
means  of  a  capstan  at  the  other  side,  on  a 
railroad,  when  charcoal  being  lighted  in  the 
oven,  and   turf  fires  underneath   it,   all  the 
openings  were  built  up,  and  it  was  left  for 
sixteen  weeks  to  anneal.     It  was  cast  on  the 
13th  of  April,  1842,  at  9  o'clock  in  the  even- 
ing.    The  crucibles  were  ten  hours  heating 
in  the  furnaces  before  the  metal  was  intro- 
duced, which  in  about  ten  hours  more  waa 
sufficiently  fluid  to  be  poured.     When  the 
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oven  was  cponed  the  speculum  was  found  as 
perfect  as  when  it  entered  it.  It  was  then 
removed  to  the  grinding  machine,  where  it 
underwent  that  process,  and  afterward  was 
polished,  without  any  accident  having  oc- 
curred. 

I'his  speculum  weighed  three  tons,  and 
lost  about  one-eighth  of  an  inch  in  grinding. 
Lord  Rosse  has  since  cast  another  speculum 
of  the  same  diameter  four  tons  in  weight. 
He  can  now,  with  perfect  confidence,  under- 
take any  casting,  so  great  an  improvement 
has  the  form  of  mould  which  he  has  invented 
proved.  The  speculum  was  placed  on  an 
equilibrium  bed,  composed  of  nine  pieces, 
resting  on  points  at  their  centres  of  gravity. 
The  ieces  were  lined  with  pitch  and  felt  be- 
fore the  speculum  was  placed  on  them.  The 
speculum  box  is  also  lined  with  felt,  and 
pitched ;  this  prevents  any  sudden  change  of 
temperature  affecting  the  speculum  by  means 
of  the  bad  conducting  power  of  the  substances 
employed.  A  vessel  of  lime  is  kept  in  con- 
nexion with  the  speculum  box  to  absorb  the 
moisture,  which  otherwise  might  injure  the 
mirror.  The  process  of  grinding  was  con- 
ducted under  water,  and  the  moving  power 
employed  was  a  steam-engine  of  three  horse 
power.  The  polisher  is  connected  with  the 
machinery  by  means  of  a  large  ring  of  iron, 
which  loosely  encircles  it;  and  instead  of 
either  the  speculum  or  the  polisher  being 
stationary,  both  move  with  a  regulated  speed. 
The  ring  of  the  polisher,  and  therefore  the 
polisher  itself,  has  a  transverse  and  a  longi- 
tudinal motion;  it  makes  80  strokes  in  the 
minute,  and  24^  strokes  backward  and  for- 
ward for  every  revolution  of  the  mirror,  and 
at  the  same  time  ly^jj^^th  strokes  in  the  trans- 
verse direction.  The  extent  of  the  latter  is 
^y^ths  of  the  diameter  of  the  speculum.  The 
substance  made  use  of  to  wear  down  the  sur- 
face was  emery  and  water :  a  constant  supply 
of  these  was  kept  between  the  grinder  and 
the  speculum.  The  grinder  is  made  of  cast 
iron,  with  grooves  cut  lengthwise,  across,  and 
circularly  on  its  face.  The  polisher  and 
speculum  have  a  mutual  action  upon  each 
other:  in  a  few  hours,  by  the  help  of  the 
emery  and  water,  they  are  both  ground  truly 
circular,  whatever  may  have  been  their  pre- 
vious defects.  The  grinding  is  continued  till 
the  required  form  of  surface  is  produced,  and 
this  is  ascertained  in  the  following  manner : 
there  is  a  high  tower  over  the  house  in  which 
the  speculum  is  ground,  on  the  top  of  which 
is  fixed  a  pole,  to  which  is  attached  the  dial 
of  a  watch ;  there  are  trap-doors  which  open, 
and  by  means  of  a  temporary  eyepiece,  allow 
the  figure  of  the  dial  to  be  seen  in  the  specu- 
lum brought  to  a  slight  polish.  If  the  dots 
on  the  dial  are  not  sufl&ciently  well  defined, 


the  grinding  is  continued ;  but  if  they  appear 
satisfactorily,  the  polishing  is  commenced.  It 
required  six  weeks  to  grind  it  to  a  fair  sur- 
face. The  polisher  was  cut  into  grooves,  to 
prevent  the  abraded  matter  from  accumulating 
in  some  places  more  than  in  others ;  a  thin 
layer  of  pitch  was  spread  over  it;  it  was 
smeared  over  with  rouge  and  water,  and  a 
supply  of  it  kept  up  till  the  machinery  brought 
it  10  a  fine  black  polish.  The  length  of  time 
employed  for  polishing  the  three  feet  specu' 
lum  was  six  hours.* 

This  large  telescope  is  now  completed,  or 
nearly  so.  The  tube  is  56  feet  long,  includ- 
ing the  speculum  box,  and  is  made  of  deal 
one  inch  thick,  hooped  with  iron.  On  the 
inside,  at  intervals  of  eight  feet,  there  are 
rings  of  iron  three  inches  in  depth  and  one 
inch  broad,  for  the  purpose  of  strengthening 
the  sides.  The  diameter  of  the  tube  is  seven 
feet.  It  is  fixed  to  mason-work  in  the  ground 
by  a  large  universal  hinge,  which  allows  it  to 
turn  in  all  directions.  At  12  feet  distance 
on  each  side  a  wall  is  built,  73  feet  long,  48 
high  on  the  outer  side,  and  56  on  the  inner, 
the  walls  being  24  feet  distant  from  each 
other,  and  lying  exactly  in  the  meridianal 
line.  When  directed  to  the  south,  the  tube 
may  be  lowered  till  it  becomes  almost  hori- 
zontal; but  when  pointed  to  the  north,  it  only 
falls  till  it  is  parallel  with  the  earth's  axis, 
pointing  then  to  the  pole  of  the  heavens.  Its 
lateral  movements  take  place  only  from  wall 
to  wall,  and  this  commands  a  view  for  half 
an  hour  on  each  side  of  the  meridian ;  that  is, 
the  whole  of  its  motion  from  east  to  west  is 
limited  to  15  degrees.  At  present  it  is  fitted 
up  in  a  temporary  way  to  be  used  as  a  transit 
instrument ;  but  it  is  ultimately  intended  to 
connect  with  the  tube-end  galleries  machinery 
which  shall  give  an  automaton  movement,  so 
that  the  telescope  shall  be  used  as  an  equa- 
torial instrument.  All  the  works  connected 
with  this  instrument  are  of  the  strongest  and 
safest  kind ;  all  the  iron  work  was  cast  in  his 
lordship's  laboratory  by  men  instructed  by 
himself,  and  every  part  of  the  machinery  was; 
made  under  his  own  eye  by  the  artisans  in 
his  own  neighbourhood,  and  not  a  single 
accident  worth  mentioning  happened  during 
the  whole  proceeding. 

The  expense  incurred  by  his  lordship  in  the 
erection  of  this  noble  instrument  was  not  less 
than  twelve  thousand  pounds  I  besides  the 
money  expended  in  the  construction  of  the 
telescope  of  three  feet  diameter.     Sufficient 

*  The  above  description  has  been  selected  and 
abridged  from  a  small  volume  entitled  "The 
Monster  Telescope,  erected  by  the  Earl  of  Rosse, 
Parsontown,"  and  also  from  the  "Illustrated 
London  News"  of  September  9th,  1843.  In  the 
volume  alluded  to  a  more  particular  description 
will  be  found,  accompanied  with  engravings. 
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time  has  not  yet  been  afforded  for  making 
particular  observations  with  this  telescope  ; 
but  from  slight  trials  which  have  been  made, 
even  under  unfavourable  circumstances,  it  pro- 
mises important  results.  Its  great  superiority- 
over  every  telescope  previously  constructed 
consists  in  the  great  quantity  of  light  it  reflects, 
and  the  brilliancy  with  which  it  exhibits  ob- 
jects, even  when  high  powers  are  applied.  It 
has  a  reflecting  surface  of  4071  square  inches, 
while  that  of  Herschel's  40  feet  telescope  had 
only  1811  square  inches  on  its  polished  sur- 
face, so  that  the  quantity  of  light  reflected 
from  the  speculum  is  considerably  more  than 
double  that  of  Herschers  largest  reflector. 
This  instrument  has  already  exceeded  his 
lordship's  expectations.  Many  appearances 
before  invisible  in  the  Moon  have  been  per- 
ceived, and  there  is  every  reason  to  expect 
that  new  discoveries  will  be  made  by  it  in  the 
Nebulae,  double  and  triple  stars,  and  other 
celestial  objects.  The  following  is  an  extract 
of  a  communication  from  Sir  James  South  on 
this  subject,  addressed  to  the  editor  of  the 
"  Times  /"  "  The  leviathan  telescope  on  which 
the  Earl  of  Rosse  has  been  toiling  upward  of 
two  years,  although  not  absolutely  finished, 
was  on  Wednesday  last  directed  to  the  sidereal 
heavens.  The  letter  which  I  have  this  morn- 
ing received  from  its  noble  maker,  in  his  usual 
unassuming  style,  merely  states  that  the  metal, 
only  just  polished,  was  of  a  pretty  good  figure, 
and  that  with  a  power  of  500  the  nebula 
known  as  No.  2  of  Messier's  catalogue  was 
even  more  magnificent  than  the  nebula  No. 
13  of  Messier,  when  seen  with  his  lordship's 
telescope  of  three  feet  diameter  and  27  feet 
focus.  Cloudy  weather  prevented  him  from 
turning  the  leviathan  on  any  other  nebulus 
object.  Thus,  then,  we  have  all  danger  of  the 
metal  breaking  before  it  could  be  polished 
overcome.  Little  more,  however,  will  be  done 
with  it  for  some  time,  as  the  earl  is  on  the  eve 
of  quitting  Ireland  for  England  to  resign  his 
post  at  York  as  president  of  the  British  Asso- 
ciation. I  look  forward  with  intense  anxiety 
to  witness  its  first  severe  trial,  when  all  its 
various  appointments  shall  be  completed,  in 
the  confidence  that  those  who  may  then  be 
present  will  see  with  it  what  man  has  never 
seen  before.  The  diameter  of  the  large  metal 
is  six  feet,  and  its  focus  54  feet ;  yet  the  im- 
mense mass  is  manageable  by  one  man.  Com- 
pared with  it,  the  working  telescopes  of  Sir 
William  Herschel,  which  in  his  hands  con- 
ferred on  astronomy  such  inestimable  service, 
and  on  himself  astronomical  immortality,  were 
but  playthings." 

The  following  is  a  more  recent  account  of 

observations  made  by  this  telescope,  chiefly 

txti-acted  from  Sir  James  South's  description, 

bserted  in  the  Times  of  April  16th,  1845, 

(910) 


and  the  "  Illustrated  London  News'^  of  April 
1'9: 

"The  night  of  the  6th  of  March,  1846, 
was  the  finest  I  ever  saw  in  Ireland.  Many 
nebulae  were  observed  by  Lord  Rosse,  Dr. 
Robinson,  and  myself.  Most  of  them  were, 
for  the  first  time  since  their  creation,  seen  by 
us  as  groups  or  clusters  of  stars ;  while  some, 
at  least  to  my  eyes ;  showed  no  such  resolu- 
tion. Never,  however,  in  my  life  did  I  see 
such  glorious  sidereal  pictures  as  this  instru- 
ment afforded  us.  Most  of  the  nebulae  we  saw 
I  certainly  have  observed  with  my  own  achro- 
matic ;  but  although  that  instrument,  as  far 
as  relates  to  magnifying  power,  is  probably 
inferior  to  no  one  in  existence,  yet  to  compare 
these  nebulae,  as  seen  with  it  and  the  six-feet 
telescope,  is  like  comparing,  as  seen  with  the 
naked  eye,  the  dinginess  of  the  planet  Saturn 
to  the  brilliancy  of  Venus.  The  most  popu- 
larly-known nebulae  observed  this  night  were 
the  ring  nebulae  in  the  Canes  Venatici,  or  the 
51st  of  Messier's  catalogue,  which  was  re- 
solved into  stars  with  a  magnifying  power  of 
648,  and  the  94th  of  Messier,  which  is  in  the 
same  constellation,  and  which  was  resolved 
into  a  large  globular  cluster  of  stars,  not  much 
unlike  the  well-known  cluster  in  Hercules, 
called  also  the  13th  of  Messier."  Perfection 
of  figure,  however,  of  a  telescope  must  be 
tested,  not  by  nebulae,  but  by  its  performance  on 
a  star  of  the  first  magnitude.  If  it  will,  under 
high  power,  show  the  star  round  and  free  from 
optical  appendages,  we  may  safely  take  it  for 
granted  it  will  not  only  show  nebulae  well, 
but  any  other  celestial  object  as  it  ought.  To 
determine  this  point,  the  telescope  was  directed 
to  Regulus  with  the  entire  aperture,  and  a 
power  of  800,  and  "  I  saw,"  says  Sir  James, 
"  with  inexpressible  delight,  the  star  free  from 
wings,  tails,  or  optical  appendages ;  not  indeed, 
like  a  planetary  disk,  as  in  my  large  achroma- 
tic, but  a  round  image  resembling  voltaic  light, 
between  charcoal  points ;  and  so  little  aberra- 
tion had  this  brilliant  image,  that  I  could  have 
measured  its  distance  from,  and  position  with 
any  of  the  stars  in  the  field  with  a  spider's- 
line  micrometer,  and  a  power  of  1000,  without 
the  slightest  difficulty ;  for  not  only  was  the 
large  star  round,  but  the  telescope,  although 
in  the  open  air,  and  the  wind  blowing  rather 
fresh,  was  as  steady  as  a  rock." 

"  On  subsequent  nights,  observations  of 
other  nebulae,  amounting  to  some  thirty  or 
more,  removed  niost  of  them  from  the  list  of 
nebuljB,  where  they  had  long  figured,  to  that 
of  clusters;  while  some  of  these  latter,  more 
especially  the  5  th  of  Messier,  exhibited  a  si* 
dereal  picture  in  the  telescope  such  as  man 
before  had  never  seen,  and  which  for  its  mag 
nificence  baffles  all  description.  Several  dou 
ble  stars  were  seen  with  various  apertures  o/ 
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Che  telescope,  and  with  powers  between  360 
and  800  ;  and  as  the  earl  had  before  told  us 
we  should — before  the  speculum  was  inserted 
in  the  tube,  in  consequence  of  his  having 
been  obliged  to  quit  the  superintendence  of 
the  polishing  at  the  most  critical  part  of  the 
process — we  found  that  a  ring  about  six 
inches  broad,  reckoning  from  the  circumfer- 
ence of  the  speculum,  was  not  perfectly  po- 
lished, and  to  that  the  little  irradiation  seen 
about  Regulus  was  unquestionably  referrible. 
The  only  double  stars  of  the  first  class  which 
the  weather  permitted  us  to  examine  with  it 
were  Xi  Ursse  Majoris,  and  Gamma  Virginis, 
which  I  could  have  measured  with  the  greatest 
confidence.  D' Arrest's  comet  we  observed  on 
the  12th  of  March,  with  a  power  of  400,  but 
nothing  worthy  of  notice  was  detected.  Of 
the  Moon,  a  few  words  must  suffice.  Its  ap- 
pearance in  my  large  achromatic  of  12  inches 
aperture  is  known  to  hundreds  of  readers ; 
let  them  then  imagine  that  with  it  they  look 
at  the  moon,  while  with  Lord  Rosse's  six-feet 
they  look  into  it,  and  they  will  not  form  a 
very  erroneous  opinion  of  the  performance  of 
the  leviathan.  On  the  15th  of  March,  when 
the  moon  was  seven  days  old,  I  never  saw 
her  uniliuminated  disk  so  beautifully,  nor  her 
mountains  so  temptingly  measurable.  On 
my  first  looking  into  the  telescope,  a  star  of 
about  the  seventh  magnitude  was  some  mi- 
nutes of  a  degree  from  the  moon's  dark  limb, 
and  its  occultation  by  the  moon  appeared  in- 
evitable. The  star,  however,  instead  of  dis- 
appearing the  moment  the  moon's  edge  came 
in  contact  with  it,  apparently  glided  on  the 
moon's  dark  face,  as  if  it  had  been  seen 
through  a  transparent  moon,  or  as  if  the  star 
were  between  me  and  the  moon.  It  remained 
on  the  moon's  disk  nearly 
two  seconds  of  time,  and 
then  disappeared.  I  have 
seen  this  apparent  projec- 
tion of  a  star  on  the  moon's 
face  several  times,  but  from 
the  great  brilliancy  of  the 
star,  this  was  the  most 
beautiful  I  ever  saw.  The 
cause  of  this  phenomenon 
is  involved  in  impenetrable 
EQystery. 

The  following  is  a  re- 
presentation of  the  great 
Rossc  telescope,  along  with 
part  of  the  buildings  with 
which  it  is  connected.  In 
the  interior  face  of  the  east- 
ern wall  a  very  strong 
iron  arc  of  about  43  feet 
radius  is  firmly  fixed,  pro- 
vided with  adjustments, 
whereby  its  surface   facing 


the  telescope  may  be  set  very  accurately 
in  the  plane  of  the  meridian.  On  this 
bar  lines  are  drawn,  the  interval  between 
any  adjoining  two  of  which  correspc?ids  to 
one  minute  of  time  on  the  equator.  The 
tube  and  speculum,  including  the  bed  on  which 
the  speculum  rests,  weigh  about  15  tons.  The 
telescope  rests  on  a  universal  joint,  placed  on 
masonry  about  six  feet  below  the  ground,  and 
is  elevated  or  depressed  by  a  chain  and  wind- 
lass; and  although  it  weighs  about  15  tons, 
the  instrument  is  raised  by  two  men  with 
great  facility  :  of  course,  it  is  counterpoised 
in  every  direction.  The  observer,  when  at 
work,  stands  in  one  of  four  galleries,  the  three 
highest  of  which  are  drawn  out  from  the 
western  wall,  while  the  fourth  or  lowest  has 
for  its  base  an  elevating  platform,  along  the 
horizontal  surface  of  which  a  gallery  slides 
from  wall  to  wall  by  a  machinery  within  the 
observer's  reach,  but  which  a  child  may  work. 
When  the  telescope  is  about  half  an  hour 
east  of  the  meridian,  the  galleries,  hanging 
over  the  gap  between  the  walls,  present  to  a 
spectator  below  an  appearance  somewhat  dan- 
gerous; yet  the  observer,  with  common  pru- 
dence, is  as  safe  as  on  the  ground,  and  each 
of  the  galleries  can  be  drawn  from  the  wall 
to  the  telescope's  side  so  readily,  that  the  ob- 
server needs  no  one  else  to  move  it  for  him. 

The  following  figure  (98)  represents  only 
the  upper  part  of  the  tube  of  the  telescope,  at 
which  the  observer  stands  when  making  his 
observations.  The  telescope  is  at  present  of 
the  Newtonian  construction,  and,  conse- 
quently, the  observer  looks  into  the  side  of 
the  tube  at  the  upper  end  of  the  telescope ; 
but  it  is  proposed  to  throw  aside  the  plane 
speculum,  and  to  adapt  it  to  the  front  view, 

Fig.  98. 
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on  the  plan  already  described,  (see  pp.  Ill,    commence.     These  side-galleries  are  three  in 
113,  (Sec.,)  so  that  thp  observer  will  sit  or  stand    number,  and  each  can  be  moved  from  wall  to 


with  his  back  towards  the  object,  and  his  face 
looking  down  upon  the  speculum;  and  in 
this  position  he  will  sometimes  be  elevated 
between  50  and  60  feet  above  the  ground. 
As  yet,  the  telescope  has  no  equatorial  mo- 


tion, but  it  very  shortly  will ;  and  at  no  very    South  : 


wall  by  the  observer  after  the  tube,  the  mo^« 
tion  of  which  he  also  accomplishes  by  means 
of  the  handle  0. 

I  shall  conclude  the  description  of  this  won- 
derful instrument  in  the  words  of  Sir  James 


distant  day,  clockwork  will  be  connected  with 
it,  when  the  observer  will,  while  observing, 
be  almost  as  comfortable  as  if  he  were  read- 
ing at  a  desk  by  his  fireside. 

The  following  figure  (99)  shows  a  section 
of  the  machinery  connected  with  this  tele- 
scope. It  exhibits  a  view  of  the  inside  of  the 
eastern  wall,  with  all  the  machinery  as  seen 
in  section.     A   is  the  mason  work   on  the 


"  What  will  be  the  power  of  this  telescope 
when  it  has  its  Le  Mairean  form"  [that  is, 
when  it  is  fitted  up  with  the  front  view,]  "  it 
is  not  easy  to  divine.  What  nebulae  will  it 
resolve  into  stars  1  in  what  nebulse  will  it  not 
find  stars  1  how  many  satellites  of  Saturn 
will  it  show  us  1  how  many  will  it  indicate  as 
appertaining  to  Uranus  ]  how  many  nebulae 
never  yet  seen  by  mortal  eye  will  it  present 


ground;  B,  the  universal  joint,  which  allows  to  us]  what  spots  will  it  show  us  on  the  va- 
the  tube  to  turn  in  all  directions ;  C,  the  spe-  rious  planets  1  will  it  tell  us  what  causes  the 
culum  in  its  tube;  D,  the  box;  E,  the  eye-  variable  brightness  of  many  of  the  fixed  stars? 
piece ;  F,  the  movable  pulley ;  G,  the  fixed  will  it  give  us  any  information  as  to  the  con- 
one  ;  H,  the  chain  from  the  side  of  the  tube ;  stitution  of  the  planetary  nebulae  1  will  it  ex- 
/,  the  chain  from  the  beam ;  iT,  the  counter-  hibit  to  us  any  satellites  encirchng  them? 
poise ;  L,  the  lever ;  M,  the  chain  connecting  will  it  tell  us  why  the  satellites  of  Jupiter, 
it  with  the  tube ;  Z,  the  chain  which  passes  which  generally  pass  over  Jupiter's  face  as 
from  the  tube  to  the  windlass  over  a  pulley  disks  nearly  of  white  light,  sometimes  tra« 
on  a  trussbeam,  which  runs  from  Wto  the  .verse  it  as  black  patches !  will  it  add  to  our 
same  situation  on  the  opposite  wall :  the  pul-  knowledge  of  the  physical  construction  of  ne- 
ley  is  not  seen;  Xis  a  railroad,  on  which  the  bulous  stars'!  of  that  mysterious  class  of  bo- 
speculum  is  drawn  either  to  or  from  its  box:  dies  which  surround  some   stars,  called,  for 


part  is  cut  away,  to  show  the  counterpoise. 
The  dotted  line  a  represents  the  course  of 
the  weight  R  as  the  tube  rises  or  falls :  it 
is  a  segment  of  a  circle,  of  which  the  chain 
/  is  the   radius.     The   tube  is  moved   from 


want  of  a  better  name,  <  photospheres  V  will 
it  show  the  annular  nebulae  of  Lyra  merely  as 
a  brilliant  luminous  ring,  or  will  it  exhibit  it 
as  thousands  of  stars  arranged  in  all  the  sym- 
metry of  an  ellipse  ]  will  it  enable  us  to  com- 


wall  to  wall  by  the  ratchet  and  wheel  at  R ;  prehend  the  hitherto  incomprehensible  nature 
the  wheel  is  turned  by  the  handle  0,  and  the  and  origin  of  the  light  of  the  great  nebulae  of 
ratchet  is  fixed  to  the  circle  on  the  wall.  Orion  1  will  it  give  us,  in  easily  appreciable 
The  ladders  in  front,  as  shown  in  the  preceding  quantity,  the  parallax  of  some  of  the  fitted 
sketch,  enable  the  observer  to  follow  the  tube  in  stars,  or  will  it  make  sensible  to  us  the  paral- 
its  ascent  to  where  the  galleries  on  the  side-wall    lax  of  the  nebulae  themselves  ?  finally,  having 

presented  to  us  original  por- 
Fig.  99.  traits  of  the  moon  and  of  the 

sidereal  heavens,  such  as., 
man  has  never  dared  even  to 
anticipate,  will  it,  by  Da- 
guerreotype aid,  administer 
to  us  copies  founded  upon 
truth,  and  enable  astrono- 
mers of  future  ages  to  compare 
the  moon  and  heavens  as 
they  then  may  be  with  the 
moon  and  heavens  as  they 
were  ?  Some  of  these  ques» 
tions  will  be  answered  af- 
firmatively, others  negative- 
ly, and  that,  too,  very  short- 
ly ;  for  the  noble  maker  of  the 
noblest  instrument  ever  form- 
ed by  man '  has  cast  his  bread 
upon  the  waters,  and  will, 
with  God's  blessing,  find  it 
before  many  days,' " 
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APPENDIX. 


HINTS  TO  AMATEURS  IN  ASTRONOMY  RESPECTING  THE   CONSTRUC- 
TION  OF  TELESCOPES. 


As  there  are  many  among  the  lower  ranks 
of  the  community  who  have  a  desire  to  be 
possessed  of  a  telescope  which  will  show  them 
some  of  the  prominent  featuies  of  ceiestial 
scenery,  but  who  are  unable  to  purchase  a 
finished  instrument  at  the  prices  usually 
charged  by  opticians,  the  following  hints  may 
perhaps  be  acceptable  to  those  who  are  pos- 
sessed of  a  mechanical  genius. 

The  lenses  of  an  achromatic  telescope  may 
be  purchased  separately  from  glass-grinders 
or  opticians,  and  tubes  of  a  cheap  material 
may  be  prepared  by  the  individual  himself  foi' 
receiving  the  glasses.  The  following  are  the 
prices  at  which  achromatic  object-glasses  for 
astronomical  telescopes  are  generally  sold: 
Focal  length  30  inches,  diameter  2^th  inches, 
from  2  to  3^  guineas.  Focal  length  4-2  inches, 
diameter  2Jth  inches,  from  5  to  8  guineas. 
Focal  length  42  inches,  diameter  3^th  inches, 
from  12  to  20  guineas.  Focal  length  42 
inches,  diameter  3  jth  inches,  from  25  to  30 
guineas.  Eyepieces,  from  10s.  6d,  to  18 
shillings.  The  smallest  of  these  lenses, 
namely,  that  of  2^th  inches  diameter,  if  truly 
achromatic,  may  be  made  to  bear  a  power  of 
from  80  to  100  times  in  clear  weather  for 
celestial  objects,  which  will  show  Jupiter's 
moons  and  belts,  Saturn's  ring,  and  other  ce- 
lestial phenomena.  The  tubes  may  be  made 
either  of  tin  plates,  papier  mache,  or  wood. 
Wood,  however,  i=5  rather  a  clumsy  article, 
and  it  is  sometimes  liable  to  warp,  yet  excel- 
lent tubes  have  sometimes  been  made  of  it. 
Perhaps  the  cheapest  and  most  convenient 
of  all  tubes,  when  properly  made,  are  those 
formed  of  paper.  In  forming  these,  a  wooden 
roller  of  the  proper  diameter  should  be  pro- 
cured, and  paper  of  a  proper  size,  along  with 
bookbinder's  paste.  About  three  or  four  lay- 
ers only  of  the  paper  should  be  pasted  at  one 
time,  and,  when  sufficiently  dry,  it  should  be 
smoothed  by  rubbing  it  with  a  smooth  stick 
or  ruler ;  after  which  another  series  of  layers 
should  be  pasted  on,  and  allowed  to  dry  as 
before,  and  so  on  till  the  tube  has  acquired  a 
sufficient  degree  of  strength  and  firmness.  In 
this  way  I  have,  by  means  of  a  few  old  news- 
papers and  similar  materials,  formed  tubes  as 
strong  as  if  they  had  been  made  of  wood.  If 
several  tubes  be  intended  to  slide  into  each 
other,  the  smallest  tube  should  be  made  first, 
and  it  will  serve  as  a  roller  for  forming  the 
tube  into  which  it  is  to  slide. 

An  achromatic  object-glass  of  a  shorter 
focal  distance  and  a  smaller  diameter  than 
miy  of  those  stated  above,  may  be  fitted  up  as 
16 


a  useful  astronomical  telescope  when  a  better 
instrument  cannot  be  procured.  In  the  pawn- 
brokers' shops  in  London  and  other  places,  an 
old  achromatic  telescope,  with  an  object-glass 
20  inches  focal  distance  and  about  l^  inch 
diameter,  may  be  purchased  at  a  price  varying 
from  15  to  20  shillings.  By  applying  an  as- 
tronomical eyepiece  to  such  a  lens,  if  a  good 
one.  it  may  bear  a  power  for  celestial  objects 
of  50  or  60  times.  If  two  plano-convex  glasses 
three-fourths  of  an  inch  focal  distance  be 
placed  with  their  convex  sides  near  to  each 
other,  they  will  form  an  eyepiece  which  will 
produce  a  power  on  such  an  object-glass  of 
above  50  times,  which  will  show  Jupiter's 
belts  and  satellites,  Saturn's  ring,  the  solar 
spots,  and  the  mountains  and  cavities  of  the 
moon.  I  have  an  object-glass  of  this  descrip- 
tion which  belonged  to  an  old  telescope,  which 
cosi  me  only  12  shillings,  and  with  which  I 
formally  made  some  useful  astronomical  ob- 
servations. It  was  afterwards  used  as  the 
telescope  of  a  small  equatorial  instrument, 
and  with  it  I  was  enabled  to  perceive  stars  of 
the  first  and  second  magnitude,  and  the  planets 
Venus,  Jupiter,  and  Mars  in  the  daytime. 

But,  should  such  a  glass  be  still  beyond  the 
reach  of  the  astronomical  amateur,  let  him 
not  altogether  despair.  He  may  purchase  a 
single  lens  of  three  feet  focal  distance  for 
about  a  couple  of  shillings,  and  by  applying 
an  eyeglass  of  one  inch  focus,  which  may  be 
procured  for  a  shilling,  he  will  obtain  a  power 
of  36  times,  which  is  a  higher  power  than 
Galileo  was  able  to  apply  to  his  best  telescope ; 
and  consequently,  with  such  an  instrument, 
he  will  be  enabled  to  perceive  all  the  celestial 
objects  which  that  celebrated  astronomer  first 
.described,  and  which  excited  so  much  wonder 
at  that  period  in  the  learned  world ;  but, 
whatever  kind  of  telescope  may  be  used,  it  is 
essentially  requisite  that  it  be  placed  on  a  firm 
stand  in  all  celestial  observations ;  and  any 
common  mechanic  can  easily  form  such  a 
stand  at  a  trifling  expense. 

There  is  a  certain  optical  illusion  to  which 
most  persons  are  subject  in  the  first  use  of 
telescopes,  especially  when  applied  to  the  ce- 
lestial bodies,  on  which  it  may  not  be  impro- 
per to  make  a  remark.  The  illusion  to  which  I 
allude  is  this,  that  they  are  apt  to  imagine  the 
telescope  does  not  magnify  nearly  so  much  as 
it  really  does ;  they  are  apt  to  complain  of  the 
small  appearance  which  Jupiter  and  Saturn, 
for  example,  present  when  magnified  160  or 
200  times.  >?Vith  such  powers  they  are  apt 
to  imagine  that  these  bodies  do  not  appear  so 
4H  (913) 
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large  as  the  moon  to  the  naked  eye ;  yet  it 
can  be  proved  that  Jupiter,  when  nearest  the 
earth,  viewed  with  such  a  power,  appears 
about  five  times  the  diameter  of  the  full  moon, 
and  25  times  larger  in  surface.  This  appears 
from  the  following  calculation  :  Jupiter,  when 
in  opposition,  or  nearest  the  Earth,  presents 
a  diameter  of  47'^ ;  the  mean  apparent  di- 
ameter of  the  moon  is  about  31';  multiply  the 
diameter  of  Jupiter  by  the  magnifying  power, 
200,  the  product  is  9400'',  or  156',  or  2°  36', 
which,  divided  by  31',  the  moon's  diameter, 
produces  a  quotient  of  5,  showing  that  this 
planet  with  such  a  power  appears  five  times 
larger  in  diameter  than  the  full  moon  to  the 
naked  eye,  and  consequently  25  times  larger 
in  surface.  Were  a  power  of  only  50  times 
applied  to  Jupiter  when  nearest  the  earth, 
that  planet  would  appear  somewhat  larger 
*^^n  the  full  moon ;  for  47"  multiplied  by  50 
^Ves  2350",  or  39',  which  is  8'  more  than 
the  diameter  of  the  moon :  yet  with  such  a 
nower  most  persons  would  imagine  that  the 
nlanet  does  not  appear  one-third  of  the  size 
of  the  full  moon. 

The  principal  mode  by  which  a  person  may 
be  experimentally  convinced  of  the  fallacy  to 
which  I  allude  is  the  following :  At  a  time 
when  Jupiter  happens  to  be  within  a  few  de- 
grees of  the  moon,  let  the  planet  be  viewed 


through  the  telescope  with  the  one  eye,  and 
the  magnified  image  of  the  planet  be  brought 
into  contact  with  the  moon  as  seen  with  the 
other  eye,  the  one  eye  looking  at  the  moon, 
and  the  other  viewing  the  magnified  image  of 
Jupiter  through  the  telescope  when  brought 
into  apparent  contact  with  the  moon  ;  then  it 
will  be  perceived  that  with  a  magnifying 
power  of  50  the  image  of  Jupiter  will  com- 
pletely cover  the  moon  as  seen  by  the  naked 
eye;  and  with  a  power  of  200 — ^v^'hen  the 
moon  is  made  to  appear  in  the  centre  of  the 
magnified  image  of  the  planet — -it  will  be  seen 
that  Jupiter  forms  a  large  and  broad  circle 
around  the  moon,  appearing  at  least  five 
times  greater  than  the  diameter  of  the  moon. 
This  experiment  may  be  varied  as  follows: 
Suppose  a  person  to  view  the  moon  through 
a  small  telescope  or  opera-glass  magnifying 
three  times,  he  will  be  apt  to  imagin*^.  at  first 
sight,  that  she  is  not  in  thi;  ''east  magnified, 
but  rather  somewhat  diminished ;  but  let  him 
bring  the  image  as  seen  in  the  telescope  in 
contact  with  the  moon  as  seen  with  the 
naked  eye,  and  he  will  plainly  perceive  the 
magnifying  power  by  the  size  of  the  image 
It  may  be  difficult,  in  the  first  instance,  to 
look  at  the  same  time  at  the  magnified  ima^e 
and  the  real  object,  but  a  few  trials  will  rendef 
it  easy. 
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MORAL  AND    RELIGIOUS    REFLECTIONS 


IN  REFERENCE  TO 


THE  WONDERS   THEREIN  DISPLAYED. 


Thou  Sun,  of  this  ^reat  world  botli  eye  and  soul. 

Acknowledge  Him  thy  greater,  sound  his  praise 

In  thy  eternal  course,  both  when  thou  climb'st. 

And  when  high  noon  hast  irain'd.  and  when  thou  fall'at. 

Moon,  that  now  meet'gt  the  orient  sun,  now  fliest 

With  the  fix'd  stars^  fixed  in  their  orb  that  flies; 

And  ye  five  other  wandering  fires,  that  move 

In  mystic  dance,  not  without  song,  resound 

His  praise,  who  out  of  darkness  call'd  up  light. 
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PREFACE. 


The  following  work  is  chiefly  designed  for  juvenile  readers,  and  for  those  who 
have  hitherto  acquired  but  a  slender  acquaintance  with  the  general  facts  of  astro- 
nomical science.  With  this  view,  the  attention  of  the  reader  is,  in  the  first  place, 
directed  to  the  general  aspect  and  the  apparent  motions  of  the  heavens,  in  order 
that  he  may  be  induced  to  contemplate  with  his  own  eyes  the  apparent  movements 
of  the  celestial  vault,  in  all  its  variety  of  aspects,  as  beheld  in  different  countries 
and  aJ;  different  seasons  of  the  year.  Without  such  observations,  the  student  of 
astronomy  can  never  acquire  a  clear  and  accurate  view  of  the  economy  of  the  solar 
system  and  the  phenomena  it  presents ;  and  therefore  such  personal  observations 
are  particularly  recommended  to  all  the  lovers  of  astronomical  science. 

This  work  is  a  different  one  from  "Celestial  Scenery,"  though  in  some  points 
there  must  necessariTy  be  a  certain  coincidence.  The  statements  of  the  distances, 
magnitudes,  and  general  appearances  of  the  planets  must  necessarily  be  the  same 
in  both;  but  the  particular  descriptions, remarks,  and  moral  and  religious  refiectioDS 
are  different.  A  great  variety  of  subjects  likewise  is  introduced  which  are  net 
noticed  in  "  Celestial  Scenery,"  such  as  the  following  :— the  figure  of  the  Earth-™ 
view  of  its  surface,  atmosphere,  and  the  method  of  finding  its  dimensions— celestial 
phenomena  arising  from  the  annual  motion  of  the  earth — -the  destination  of  the  earth 
and  the  final  cause  of  its  creation— motions  and  aspects  of  the  superior  planets- 
general  remarks  on  the  solar  system — method  of  acquiring  an  approximate  idea  of  a 
million  o£  units— the  doctrine  of  Eclipses^  with  tables  and  descriptions  of  the  most 
remarkable  eclipses  of  the  sun  and  moon — descriptions  of  the  seasons  of  the  year, 
and  their  characteristics  in  different  countries— Reflections,  moral  and  religious- 
history  of  astronomy—explanation  of  astronomical  terms,  &;c.  On  these  and  varioua 
other  topics  a  considerable  variety  of  interesting  facts  and  sketches  will  be  found 
more  or  less  illustrated. 

One  great  object  which  the  author  has  uniformly  kept  in  view,  has  been  to  lead 
the  minds  of  the  young  from  the  creature  to  the  Creator,  and  to  direct  them  to  cour, 
template  his  attributes  as  displayed  in  the  motions,  magnitudes,  and  mechanism 
of  the  heavens,  and  to  render  their  views  of  creation  subservient  to  their  moral  and 
spiritual  improvement,  and  to  their  preparation  for  a  higher  sphere  of  existence— 
on  object  which  should  always  be  kept  in  view  in  our  contemplation  of  the  works 
^f  God. 

(f)  4  H  3  (917) 
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THE 


SOLAR   SYSTEM. 


INTRODUCTION^ 


Of  all  the  sciences  which  are  the  subject  in  solemn  silence,  varying  their  aspects  at 
of  human  study  and  investigation,  Astronomy  differentseasons,  moving  with  different  degrees 
must  be  admitted  to  be  the  most  interesting  of  velocity,  shining  with  different  degrees  of 
and  sublime.  It  teaches  us  the  motions,  the  splendour,  and  all  calculated  to  inspire  admi- 
magnitudes  and  distances  of  the  heavenly  ration  and  awe.  Wherever  he  travels  abroad, 
bodies — their  diversified  phenomena,  the  laws  either  on  the  surface. of  the  land  or  of  the 
by  which  they  are  directed  in  their  varied  ocean,  this  celestial  vault  still  appears  encom- 
movements,  and  the  grand  designs  they  are  passing  this  lower  world;  and,  after  travelling 
intended  to  fulfil  in  the  vast  system  of  the  thousands  of  miles,  it  appears  still  the  same, 
universe.  and  seems  to  make  no  nearer  an  approach 

The  objects  with  which  this  science  is  con-  than  when  the  journey  commenced.  While 
versant  are  so  grand  and  marvellous — surpass-  contemplating  this  wonderful  expanse  with 
ing  every  thing  that  could  have  been  imagined  the  eye  of  reason  and  imagination,  the  mind 
in  the  infancy  of  science— that  they  tend  is  naturally  led  into  a  boundless  train  of  specu- 
to  enlarge  the  field  of  human  contemplation,  lations  and  inquiries  1  Where  do  these  mighty 
to  expand  to  an  indefinite  extent  the  concep-  heavens  begin,  and  where  do  they  end]  Can 
tions  of  the  human  intellect,  and  to  arouse  imagination  fathom  their  depth,  or  human 
the  attention  and  excite  the  admiration  even  calculations,  or  figures,  express  their  extent  1 
of  the  most  incurious  and  uncultivated  minds.  Have  the  highest  created  beings  ever  winged 
The  vast  magnitude  of  the  heavenly  bodies,  their  flight  across  the  boundaries  of  the  firma- 
60  far  surpassing  what  could  be  conceived  by  ment  ]  Can  angels  measure  the  dimensions 
their  appearance  to  the  unassisted  eye ;  their  of  those  heavens,  or  explore  them  throughout 
incalculable  numbers;  the  immense  velocity  all  their  departments?  Is  there  a  boundary 
of  their  motions,  and  the  astonishing  forces  to  creation  beyond  which  the  energies  of  Om- 
with  which  they  are  impelled  in  their  career  nipotence  are  unknown,  or  does  it  extend 
through  the  heavens;  the  attractive  influence  throughout  the  infinity  of  space?  Is  the 
they  exert  upon  each  other,  at  the  distance  immense  fabric  of  the  universe  yet  completed, 
of  hundreds  of  millions  of  miles;  and  the  or  is  Almighty  Power  still  operating  through- 
important  ends  they  are  destined  to  accom-  out  the  boundless  dimensions  of  space,  and 
plish  in  the  universal  empire  of  Jehovah ;  new  creations  still  starting  into  existence  ] 
present  to  the  human  imagination  a  scene.  Such  views  and  inquiries  have  a  tendency 
and  a  subject  of  contemplation,  oa  which  the  to  lead  the  mind  to  subHme  and  interesting 
soul  of  man  might  expatiate  with  increasing  trains  of  thought  and  reflection,  and  to  afford 
wonder  and  delight,  during  an  indefinite  series  scope  for  the  noblest  energies  and  investiga- 
of  ages,  .    tions  of  the  human  intellect.     A  serious  con- 

Even  to  a  common  observer,  the  heavens  templation  of  the  heavens  opens  to  the  mental 
present  a  sublime  and  elevating  spectacle.  He  eye  a  glimpse  of  orbs  of  inconceivable  magni- 
beholds  an  immense  concave  hemisphere  of  tude  and  grandeur,  and  arranged  in  multitudes 
unknown  dimensions,  surrounding  the  earth  which  no  man  can  number,  which  have  diffusGd 
in  every  region,  and  resting  as  it  were  upon  their  radiance  on  our  world  during  hundreds, 
the  circle  of  the  horizon.  From  every  quar-  of  generations.  It  opens  a  vista  which  car- 
ter of  this  vast  expanse— when  the  shades  of  ries  our  views  into  the  regions  of  infinity,  and 
night  have  spread  over  the  earth — he  beholds  exhibits  a  sensible  display  of  the  immensity 
numerous  lights  displayed,  proceeding  onward  of  space,  and  of  the  boundless  operations  o,C 
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Omnipotence :  it  demonstrates  the  existence  the  glory  of  God  ;"  that  is,  they  manifest  hh 

of  an  eternal  and  incomprehensible  Divinity,  wisdom  and  power,  and  beneficence  to  the  in- 

who  presides  in  all  the  grandeur  of  his  attri-  habitants    of    the    world  ; — -"  the   firmament 

butes  over  an  unlimited  empire.     Amidst  the  showeth  forth,"    or  publicly  declareth,  "  his 

silence  and  solitude  of  the  midnight  scene,  it  handiwork."    *'  Day  unto  day  uttereth  speech, 

inspires  the  soul  with  a  solemn  awe,  and  with  and  night  unto   night   showeth   knowledge, 

reverential  emotions ;  it  excites  astonishment,  There  is  no  speech  nor  language  where  their 

admiration,  and  wonder,  and  has  a  tendency  voice  is  not  heard."     In  reference  to  that  de^ 

to  enkindle  the  fire  ef  devotion,  and  to  raise  partment  of  creation    which   astronomy   ex- 

the  affections  to  that  ineffable  Being  who  pre-  plores,  it  may  be  said  with  peculiar  propriety, 

,8ides  in  high  authority  over  all  the  movements  in  the  language  of  Scripture,  "  The  works  of 

of  the  universe.     It  teaches  us  the  littleness  the   Lord  are   great,  sought  out  of  all   them 

of  man,  the  folly  of  pride  and  ambition,  and  that  have  pleasure  therein,"    Throughout  the 

of  all  that  earthly  pomp  and  splendour  with  volume  of   inspiration,   our   attention   is  fre- 

which  mortals  are  so  enamoured — and  that  quently  directed  to  the  contemplation  of  the 

our  thoughts  and  affections  ought  to  soar  above  heavens ;  "  Lift  up  thine  eyes  on  high,  and 

ail  the  sinful  pursuits,  and  transitory  enjoy-  behold  who  hath  created  these  things. — The 

ments,  of  this  sublunary  scene.  everlasting  God,  the  Lord,  the  Creator  of  the 

Such  being  the  views  and  tendencies  of  ends  of  the  earth,  who  fainteth  not,  neither  is 
this  science,  it  ought  to  he  considered  as  bear-  weary;  there  is  no  searching  of  his  under- 
mg  an  intirtiate  relation  to  religion,  and  wor-  standing. — He  bringeth  out  their  host  by  num- 
thy  the  study  of  every  enlightened  Christian,  ber,  and  calleth  them  all  by  names  :  by  the 
It  has  been  said,  and  justly,  by  a  celebrated  greatness  of  his  might,  for  that  he  is  strong 
poet,  that  "An  undevout  astronomer  is  mad."  in  power;  not  one  faileth. — It  is  he  that  sit- 
The  evidence  of  a  self-existent  and  eternal  teth  upon  the  circle  of  the  earth,  and  the  in- 
Being,  whose  wisdom  is  inscrutable,  and  habitants  thereof  are  as  grasshoppers. — All 
whose  power  is  uncontrollable,  is  so  palpably  nations  before  him  are  as  nothing;  and  they 
manifested  in  the  arrangement  and  the  mo-  are  counted  to  him  less  than  nothing,  and 
lions  of  the  celestial  orbs,  that  it  cannot  but  vanity." — "Hearken  unto  this,  O  Job ;  stand 
make  an  indeUble  impression  on  every  rational  still,  and  consider  the  wondrous  works  of 
and  reflecting  mind.     Though  the   heavenly  God." 

bodies  have  "  no  speech  nor  language,"  though  Hence  it  appears,  that  it  is  not  (o  be  con- 

ihey  move  round  the  earth  in  silent  grandeur,  sidered  merely  as  a  matter  of  taste,  or  as  a 

and  "  their  voice  is  not  heard  "  in  articulate  rational   amusement,  but    as    an   imperative 

sounds,  yet  "their  line  is  gone   throughout  duty,  to  contemplate  the  works  of  the  Most 

all  the  earth,  and  their  words  to  the  end  of  the  High,  and  especially  the  manifestations  of  his 

world  "—proclaiming  to  every  attentive  spec-  power   and  Godhead  which  the  heavens  dis» 

iator,    that  "  The    hand  that  made   them  is  play — that    we    may   derive    more    enlarged 

Divine.     So  that  there  is  scarcely  a  tribe  or  conceptions  of  his  glorious  attributes,  and  be 

nation  on  the  face  of  the  earth,  so  inattentive  enabled  to  render  to  him  that  tribute  of  ado- 

and   barbarous  as  not  to  have  deduced  this  ration  and  praise  which  is  due  to  his  name„ 

conclusion  from  a  survey  of  the  movements  For  it  is  represented  as  one  of  the  character- 

of  the   celestial   orbs.     "Men,"    says  Plato,  istics  of  the  ungodly  that,  while  "the  harp,  and 

**  began  to  acknowledge  a  Deity,  when  they  the  viol^  and  the  tabret,  and  pipe,  and  wine,  are 

saw  the  stars  maintain  so  great  a  harmony,  in  their  feasts,— they  regard  not  the  work  of 

and   the  days  and  nights  throughout  all  the  the  Lord,  neither  consider  the  operation  of  his 

year,  both  in  summer  and  winter,  to  observe  hands;"  and  consequently  "he  will  destroy 

their  stated  risings  and  settings."     Another  them,  and  not  build  them  up."     It  is  thero" 

heathen  philosopher,   Cicero,  thus   expresses  fore   the  incumbent  duty  of  the  young;  of 

his  sentiments  on  this  point:  f' What  can  be  every   professing    Christian,    and    of    every 

so  plain  and  clear  as,  when  we   behold    the  rational  inquirer,  not  only  to  study  the  facts^ 

heavens,  and  view  the  celestial  bodies,  that  we  doctrines,  and  duties  exhibited  in  the  S3'stem 

should  conclude  there  is  some  Deity  of  a  most  of  Divine  revelation,  but  also  to  contemplate 

excellent   mind  by  whom   these   things   are  the  manifestations  of  the  Creator  as  exhibited 

governed—a    present    and    Almighty    God?  in  the   system  of  creation.     They  are    both 

Which,  he  that  doubts  of,  I  do  not  understand  revelations  of  the  same  Ahwghty   and  bene" 

why  he   should  not  as  well   doubt   whether  ficent    Being — ^emanations    from    the    same 

there  be  a  sun  that  shines,  and  enlightens  the  adorable  Divinity;  and  the  views  and  instruc- 

world/?"  tions  they  respectively  unfold,  when   studied 

The   sacred   Scriptures,   in    numerous   in-  with  reverence  and  intelligence,  are  in  perfect 

stances,  direct  our   attention  to  this  subject,  harmony  with  each  other.    The  study  of  both 

*«  The  heavens,"  says  the  psalmist,  "declare  combined,  is  calculated  to  make  the  man  of 
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God  perfect,  and  "  throughly  furnished  unto  terials  for  another  volume  similar  to  the  pre- 
ali  good  works."  sent. 

In  the  following  small  volume,  it  shall  be  In  the  mean  time  we  may  just  remark,  that 
our  endeavour  to  direct  the  general  reader  in  all  the  wonders  we  behold,  both  in  the  hea- 
the  study  of  some  of  those  objects  which  the  vens  above,  and  in  the  earth  below,  demand 
heavens  unfold  ;  and  we  shall  chiefly  select  our  serious  attention  and  devout  contempla- 
those  parts  of  astronomical  science  which  are  tion.  They  are  all  the  workmanship  of  that 
mo6t  level  to  the  comprehension  of  those  who  great  and  adorable  Being  in  whom  '*  we  live 
have  had  little  opportunity  of  engaging  in  and  move  ;"  who  at  first  "  spake,  and  it  was 
scientific  pursuits.  In  the  present  volume,  it  done;"  who  gave  the  command,  and  the 
is  proposed  to  confine  ourselves  chiefly  to  a  whole  of  this  stately  fabric  of  heaven  and 
description  of  the  Solar  System  and  the  phe-  earth  started  into  being.  It  is  the  same  God 
nomena  it  exhibits,  together  with  a  few  who  created  the  planets  and  the  host  «>f  stars, 
instructions  as  to  the  best  mode  of  contempla-  and  that  conducts  them  in  all  their  rapid  mo- 
ting  the  apparent  motions  and  the  diversified  tions ;  who  is  also  "the  God  and  Father  of 
aspects  of  the  firmament.  The  discoveries  our  Lord  Jesus  Christ,"  and  "  the  Author  of 
which  relate  to  the  sidereal  heavens — the  eternal  salvation"  to  all  who  obey  him.  All 
general  arrangement  of  the  fixed  stars,  their  these  works  display  his  infinite  power,  hia 
distances  and  magnitudes — ^the  facts  which  unerring  wisdom,  and  tlie  riches  of  his  bene- 
have  been  discovered  respecting  new  stars —  ficence ;  and  demand  from  every  beholder 
variable  stars — double  and  triple  stars—-  that  tribute  of  praise,  reverence,  and  adoration 
the  milky  way— the  different  orders  of  the  which  is  due  to  Him  "  who  created  all  things, 
nebulas — and  a  variety  of  other  topics  con-  and  for  whose  pleasure  they  are  and  were 
nected    with    such   objects,   will    form    ma-  created. 


CHAPTER  I. 

On  the  General  Aspect^  and  the  Apparent  Motions  of  the  Heavens, 

Previous  to  entering  on  the  study  of  as-  Section  I. 
tronomical  science,  and  the  phenomena  of  the 

solar  system,  it  is  requisite  that  the  young  in-  On  the  Apparent  Motions  of  the  Heavens 
quirer  sfiould  be  directed  to  contemplate  the  During  the  Day. 
general  aspect  of  the  heavens,  and  the  appa- 
rent motions  of  the  different  bodies  which  pre-  In  the  first  place,  let  us  consider  the  ap- 
sent  themselves  to  view  in  the  regions  of  the  pearance  of  the  heavens  as  seen  in  the  day- 
firmament.  No  one  can  enter  with  intelli-  time.  Sometimes  it  happens  for  days,  and 
gence  on  the  study  of  astronomy,  or  acquire  even  for  weeks  together,  that  the  sky  is  over- 
an  accurate  idea  of  its  elementary  principles,  cast  with  an  assemblage  of  sable  clouds  cover- 
and  of  the  arrangement  and  motions  of  the  ing  the  whole  face  of  the  firmament.  In 
planetary  bodies,  unless  he  has  been  led  to  which  case  no  celestial  orb  makes  its  appear- 
observe,  with  his  own  eyes,  the  apparent  and  ance;  but  the  light  transmitted  through  the 
more  obvious  phenomena  and  aspects  of  the  clouds  and  reflected  from  their  under  surfaces, 
celestial  orbs,  as  they  present  themselves  to  indicates  that  some  luminous  orb,  the  fountain 
the  view  of  any  common  and  attentive  specta-  of  light,  is  above  our  horizon,  and  far  beyond 
tor.  For  although  the  real  motions  oi  the  the  upper  region  of  the  clouds,  though  its 
heavenly  bodies  are,  in  many  instances,  sgy^  form  and  splendour  cannot  be  perceived.  At 
different  from  their  apparent  movements,  and  other  times  the  concave  of  the  sky  appears 
although  many  of  them  appear  to  move  while  of  an  azure  colour,  where  scarcely  a  speck  of 
they  are  absolutely  at  rest,  yet  it  is  necessary  cloud  is  to  be  seen — like  a  boundless  deser^ 
that  their  apparent  motions  and  appearances  where  no  celestial  orb  makes  its  appearance 
should  be  accurately  inspected,  in  order  that,  — as  at  the  dawning  of  the  morning,  when 
in  the  progress  of  investigation,  we  may  be  the  aurora  makes  its  appearance  in  the  east. 
enabled  to  determine  what  bodies  are  really  in  This  faint  light  gradually  increases,  rising 
motion,  and  what  only  appear  to  be  in  mo-  higher  and  higher  in  its  brightness,  a  prelude 
tion,  in  consequence  of  the  motions  of  other  of  something  still  more  grand  and  refulgent 
bodies.  In  order  to  direct  the  untutored  ob-  The  clouds  near  the  horizon  are  tinged  with 
server  on  this  point,  the  following  observations  purple  and  vermilion,  and  the  mountain  tops 
are  stated.  are  clothed  with  brightness.     At  length,  the 
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tlisk  of  the  sun  disengages  itself  from  the  hori-  At  this  time,  the  day  and  the  night  are  of  ai? 

zon  by  degrees,  till  the  whole   of  his  orb  ap-  equal  length,  namely,  twelve  hours  each, 
pears  to  view,  and   ascends  the  heavens  with        If,  again,  we  view  the   rising  sun   on  the 

majestic   grandeur.      The    sun    is    the   only  21st  of  June,  we  shall  find  that  he  rise^^  near 

object  which,  during  the  day,  appears  conspi-  the  north-east,  forty-five  degrees  farther  to  the 

cuous  to   the  naked   eye;    for  although   the  northward  than  on  the  21st  of  March.     At 

:moon  is  frequently  visible  in  the  daytime,  yet  this  period,  the   sun  describes  a  large  circuit 

she  then   appears  with  no  greater  brilliancy  around   the  heavens ;    rising  fifteen   minutes 

than  a  small   cloud  of  the  same  size,  and  is  before  four  in  the  morning,  and  advancing  to 

scarcely  noticed  by  a  common  observer.  an  elevation   of  more  than  sixty  degrees  at 

The  apparent  movements  of  the  sun  ap-  noonday;  after  which  he  declines  towards  the 

pear  very  different  at  diflerent  seasons  of  the  west,  and  sets  near  the  north-west  quarter  of 

year,  and  in  different  regions  of  the  globe.  In  the  heavens,  about  a  quarter  past  eight  in  the 

describing  these  apparent  motions,  we  shall  evening.     The  length   of  the    day,   at   this 

suppose  ourselves,  in  the  first  instance,  in  the  time,  is  about  sixteen  and  a  half  hours ;  and 

latitude  of  fifty-two  degrees  north,  which  is  as  his  course  during  the  night  is  not  far  below 

nearly   the   latitude  of   London   and    several  the  horizon,   there  is   no   absolute    darkness 

other  large   towns  in  England.     'J^'he    sun's  daring  the  absence  of  the  sun  ;  and  his  course 

apparent  motions  in  this  latitude  will  be  near-  may  be  traced  by  observing  the  motion  of  the 

ly  the  same  as  when   he  is  viewed  from  Hoi-  twilight,  or  the  aurora,  gradually  proceeding 

land,  Denmark,  Scotland,  Nova  Scotia,  Cana-  to    the   northern   point   of  the  heavens,  and 

da,   and  the    northern    states    of    America,  from  that  point  to  the  north-east,  where  the 

Suppose  we  begin  our  observations  in  winter,  solar  orb  again   emerges  from   the    horizon, 

about  the  21st   December,  when  the  days  in  After  this  period,  the  sun  begins,  every  suc- 

our  northern  hemisphere  are  shortest.     In  this  ceeding  day,  to  rise  in  })oints  nearer  the  south, 

case,  turning  our  eyes  to  the  south-east  quar-  and  to  take  less  extensive  circuits   round  the 

ter  of  the  sky,  a  little  after  eight  o'clock  in  the  heavens,  till  the  23d  of  September,  when  he 

morning,  we  shall  see  the  sun   rising  nearly  again   rises  on  the  eastern   point  of  the  hori- 

on  the  south-eastern  point  of  the  compass,  and  zon,  and  sets  in  the  west,  which   is   the  time 

gradually  ascending  the  celestial   vault.     In  of  the  autumnal  equinox,  when  day  and  night 

about  four  hours,  he  comes  to  the  meridian,  are  equal.     From  this  period  the  sun  gradu- 

or  due  south,  the  highest  point  of  his  eleva-  ally  verges  to  points  of  the  horizon  south  of 

tion  at  that  season ;  after  which  he  gradually  the  east,   at   the  time  of  his  rising,  and  the 

descends  towards  the   west,  and  sets  in  the  days  rapidly   shorten,   till   he    again    arrives 

Bouth-western  part  of  the  heavens,  about  four  near  the  south-eastern  quarter  of  the  heavens, 

in  the  afternoon,  having  described  a  compara-  where  he  is  seen   to   rise   on  the  21st  of  De- 

tively  small  arc  of  a  circle  above  the  horizon,  cember.      Such   are    some   of  the    apparent 

At  this  time,  when  he  arrives  at  the  meridian,  motions   of  the   sun,  in    our  quarter  of  the 

or  the  highest  poin    of  his  diurnal  course,  he  globe,  throughout  the  different  seasons  of  the 

is  only  about  fourteen  degrees  above  the  hori-  year;  and  every  one  who  resides  in  the  coun- 

55on.*     If,  after  this  period,  the  point  at  which  try  has  an  opportunity,  every  clear  day,  of 

t'he  sun  rises  be  ol>served,  it  will  be  found  a  observing  these  diversified  movements, 
little   to  the  northward,  every  day,  from  the        Besides  the  motions  to  which  we  have  now 

point  at  which  he  rose  before.     On  the  21st  adverted,  there  is  another  apparent  motion  of 

of  March,  the  sun  rises  due  east,  about  forty-  the  sun,  in  a  contrary  direction,  which  is  sel- 

five  degrees  to  the  north  of  the  point  at  which  dom  noticed  by  a  common  observer.     Every 

he  rose  on  the  21st  of  December.     1'he  time  day  the  sun   has  an   apparent   motion    from 

of  his  rising  is  exactly  six  in  the  morning;  west   to  east,  at  the  rate  of  nearly  a  degree 

six  hours  afterwards,  he  passes  the  meridian,  each  day;  and  in  the  course  of  a  year,  or  365 

at  an  elevation  of  thirty-eight  degrees;  and  days  5*^,  48'",  and  5P,  he  makes  a  complete 

sets  due  west,  at  six  o'clock  in  the  evening,  circuit  around    the    heavens.      This    motion 

manifests  itself  chiefly  by  the  appearance  of 

*  The  circumference  of  the  heavens,  as  well  as  the   heavens  during   the  night.       U,    in    the 

•that  of  the  earth,  is  divided  by  astronomers  into  morning,  some   time   before  sunrise,  we  view 

ithree  hundred  and  sixty  parts  called  degrees,  con-  ,u,,,^  .,*^v.^  „  k;  .u    „^^ ^^«   *u        ^i    *     r  *i 

sequently,  the  distance  from  the  horizon  to  the  J^«^^  ^^^^''^  ^^'^^   «^^   V^^'  ,^^'^   V^n^l  of  the 

aenith,  or  the  point  directly  above  our  heads,  is  honzon  where  the  sun  rises,  m  a  week  or  two, 

ninety  degrees,  or  the  one-fourth  of  the  circum-  we  shall   find   that   the  same  stars  are   more 

ference  of  a  circle.     When,  therefore,  the  sun  is  pipvatPfl  n^ar  thp   timp  of  ^nn  ri«mo-  than   Hp 

said  to  be  elevated  above  the  horizon  fourteen  elevaleU  near  the   time  ot  sun-nsmg  ti  an   be- 

degrees,  it  means,  that  he  has  risen  to  an  altitude  fore,  and  farther  distant  from   hmi,  mdicatmg 

tittle  more  than  the  one-sixth  part  of  the  distance  that   he   is  moving   through   the    heavens  to- 

from  the  horizon  to  the   zofiith.     The  apparent  w„,.,i.  fUg  p.^^f  ^nd    leavincr    these    c^ars  as  it 

breadth  of  the  sun  or  moon  is  a  very  little  more  ^aius  tne  eabl,  anu   l^avmg   it^ese   g.ais  as  U 

ifean  half  a  degree.  were  behind  hmi,     11^  agam,  ni  the  evening 
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we  mark  those  stars  which  are  a  little  above  from  the  left  hand  to  the  right,  as  in  our  court- 
the  point  of  the  setting  sun,  we  shall  find  that  try,  we  should  see  him  directing  his  course 
every  evening  they  make  a  nearer  approach  along  the  northern  part  of  the  sky,  from  the 
to  the  place  where  the  sun  goes  down  ;  till,  right  hand  to  the  left.  In  other  respects,  his 
after  a  short  period,  they  approach  so  near  apparent  motions  would  nearly  resemble  those 
this  luminary  as  to  be  overpowered  with  his  already  described,  excepting  that  when  the  sun 
rays,  and  can  no  longer  be  seen,  still  indicat-  is  highest  at  mid-day  to  us,  he  appears  lowest 
ing  that  the  sun  is  approaching  towards  the  east,  to   the  inhabitants  of  these  countries;    their 

Perhaps  the  best  way  of  tracing  this  is  to  winter  happening  at  the  time  of  our  summer, 
mark  the  different  positions  of  the  Pleiades,  Were  we  placed  in  Lapland,  Greenland,  or 
or  seven  stars,  with  respect  to  the  sun.  About  other  countries  within  the  polar  circle,  the  sun 
the  middle  of  January,  at  eight  o'clock  in  the  in  winter,  would  be  absent  for  weeks  and 
evening,  the  seven  stars  are  seen  nearly  on  even  for  months  together;  and  in  summer  he 
the  meridian,  which  observation  should  be  would  shine  without  intermission  for  a  cor- 
noted  down  for  the  purpose  of  being  compared  responding  portion  of  time  ;  appearing  every 
with  future  observations.  On  the  1st  of  day  to  make  a  complete  circle  round  the  hea° 
March,  at  the  same  hour,  these  stars  will  be  vens,  but  never  descending  below  the  horizon 
seen  nearly  halfway  between  the  meridian  during  the  lapse  of  six  weeks,  or  even  three 
and  the  western  horizon,  while  all  the  other  or  four  months.  Could  we  suppose  ourselves 
stars,  at  the  same  elevation,  will  be  found  to  placed  at  the  north  pole,  the  motion  of  the 
have  made  a  similar  progress.  About  the  15th  sun  would  present  a  different  aspect  from  any 
of  April,  they  will  be  seen,  at  the  same  hour,  of  those  now  described.  On  the  21st  of 
very  near  the  north-western  horizon ;  and  March,  we  should  see  a  portion  of  the  sun's 
every  day  after  this,  they  will  appear  to  make  disk  appear  in  the  horizon,  after  a  long  night 
a  nearer  approach  to  that  part  of  the  heavens  of  six  months.  This  portion  of  the  sun  would 
in  which  the  sun  appears,  till,  being  over-  appear  to  move  quite  round  the  horizon  every 
powered  by  the  splendour  of  his  rays,  they  twenty-four  hours;  it  would  gradually  rise 
cease  to  be  visible.  From  these  and  similar  higher  and  higher  till  the  whole  orb  of  the 
observations,  it  will  be  easily  perceived  that  sun  made  its  appearance.  As  the  season  ad- 
the  sun  has  an  apparent  motion  through  the  vanced,  the  sun  would  appear  to  rise  higher 
circle  of  the  heavens,  and  that  the  revolution  and  higher,  till,  on  the  21st  of  June,  he  at- 
is  completed  in  the  course  of  a  year.  The  tained  the  altitude  of  twenty-three  and  a  half 
circle  which  the  sun  thus  describes  is  called  degrees  above  the  horizon ,;  after  which,  his 
the  Ecliptic,  and  is  divided  into  twelve  altitude  would  gradually  decline  till  the  23d 
signs,  and  three  hundred  and  sixty  degrees.       of  September,  when   he  would   again  appear 

The  apparent  motions  of  the  sun  appear  in  the  horizon.  During  the  whole  of  this 
somewhat  different,  when  viewed  from  differ-  period  of  six  months,  there  is  perpetual  day  ; 
ent  regions  of  the  earth.  Were  we  placed  in  the  stars  are  never  seen,  and  the  sun  appears 
countries  under  the  equator,  such  as  at  Bor-  to  go  quite  round  the  heavens  every  twenty- 
neo,  Sumatra,  the  Galhpago  isles,  Quito,  and  four  hours  without  setting,  in  circles  nearly 
other  parts  of  South  America,  the  sun  at  parallel  with  the  horizon, 
noon  would  shine  directly  from  the  zenith,  at  Such  are  some  of  the  motions  and  aspects 
the  time  of  the  equinoxes,  at  which  time  ob-  of  the  sun,  as  viewed  at  different  seasons  of 
jects  would  have  no  shadows.  At  all  other  the  year,  and  from  different  parts  of  the  earth, 
times,  the  sun  will  appear  either  in  the  north-  Let  it  be  carefully  remembered  that  these  mo- 
ern  or  the  southern  quarter  of  the  heavens,  tions  are  not  real,  but  only  apparent.  While 
During  the  one-half  of  the  year,  he  shines  presenting  all  these  diversified  aspects  and 
from  the  north,  and  the  shadows  of  objects  movements  to  spectators  placed  in  different 
fall  to  the  south:  during  the  other  half,  he  positions,  it  can  be  proved  that  the  sun  is, not- 
shines  from  the  south,  and  the  shadows  of  ob-  withstanding,  a  quiescent  body  in  the  centre 
jects  are  projected  to  the  north  ;  a  circum-  of  the  planetary  system.  By  the  rotation  of 
stance  which  can  never  occur  in  our  country,  the  earth  round  its  axis  from  west  to  east  every 
or  in  any  part  of  the  temperate  zones.  At  twenty-four  hours,  and  by  its  revolution  round 
the  equator,  too,  there  is  a  perpetual  equality  the  sun  every  year,  all  the  apparent  motions 
of  days  and  nights  throughout  the  year ;  the  we  have  hitherto  described  are  produced,  and 
twilight  is  shortest,  and  the  darkness  of  night  completely  accounted  for,  as  we  shall  after- 
rapidly  succeeds  the  setting  of  the  sun.  wards  show,  when  we  come  to  illustrate  the 

Were  we  placed  in  southern  latitudes — for  evidences   which   proved    that   the  earth  on 
example,  at   the  Cape  of  Good  Hope,  New   which  we  dwell  is  a  moving  body. 
South   Wales,  or    Buenos   Ayres,  in    South       When  we  view  the  sun  pursuing  his  course 
America — instead  of  beholding  the  sun  mov-   through  the  heavens  in  a  clear  and  serene  sky, 
log  alorg  the  southern  part  of  the  heavens,  we  are  apt  to  imagine  that  there  are  no  other 

(927) 
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celestial  bodies  difTusing  their  rays  above  our 
horizon.  This,  however,  is  far  from  being  the 
case.  In  the  full  blaze  of  day,  there  are  as 
many  stars,  at  an  average,  around  us  in  the 
firmament,  as  are  beheld  in  a  clear  sky  at  the 
hour  of  midnight ;  but  their  light  is  overpov^- 
ered  by  the  more  brilliant  splendour  of  the 
sun.  By  means  of  equatorial  telescopes, 
which  can  be  made  to  point  to  any  particular 
part  of  the  heavens,  all  the  larger  stars  of  the 
firmament  may  be  seen  even  at  noonday, 
while  the  sun  is  shining  in  all  his  splendour; 
nay,  there  is  scarcely  a  star  visible  to  the 
naked  eye,  during  night,  but  may  be  seen  in 
this  way  during  the  blaze  of  day,  and  its  ex- 
act position  in  the  heavens  pointed  out.  Dur- 
ing a  total  eclipse  of  the  sun,  when  the  moon 
interposes  her  dark  body  between  us  and  the 
sun,  some  of  the  planets  and  the  larger  stars 
have  appeared  as  distinctly  as  at  midnight; 
but  the  moment  the  moon  has  passed  a  little 
over  the  disk  of  the  sun,- and  a  glimpse  of  his 
beams  has  shone  out,  their  feeble  light  becomes 
undistinguishable,  and  they  are  no  longer  per- 
ceived. Sometimes,  too,  it  happens  that  stars 
have  been  seen  from  the  bottom  of  deep  wells 
and  mines,  when  large  ones  happen  to  pass 
near  the  zenith  during  the  day,  and  the  planet 
Yenus,  when  brightest,  has  frequently  been 
seen  with  the  naked  eye,  in  the  daytime, 
when  at  no  great  distance  from  the  sun.  Thus 
it  appears  that  the  sun  passes  through  the 
heavens  every  day  with  stars  all  around  him, 
although  invisible  to  the  unassisted  eye — just 
as  the  moon,  during  night,  is  seen  surrounded 
with  stars,  which  the  faintness  of  her  light  is 
not  sufficient  to  overpower.*  Hence  it  hap- 
pens that  astronomers  can  trace  the  exact  path 
of  the  sun  among  the  stars,  every  day,  during 
his  apparent  annual  circuit  round  the  heavens. 
They  can  tell  what  stars  are  near  and  around 
the  sun ;  what  clusters  he  is  leaving  behind 
him,  to  what  other  clusters  he  is  approaching  ; 
what  stars  or  planets  are  near  his  margin,  and 
what  stars  are  behind  his  luminous  globe, 
with  as  much  accuracy  as  if  they  were  all 
visible  to  the  naked  eye,  as  at  midnight. 


Sectioi^  II. 

On   the  Apparent   Motions  of  the  Heavens 
Daring  Night. 

When  a  careless  observer,  on  a  clear  even- 
ing, gazes  upon  the   firmament,  he  beholds  a 

*  The  author  has  frequently  seen,  by  the  equa- 
torial telescope,  in  the  daytime,  not  only  numerous 
stars  of  the  first,  second,  and  third  magnitudes,  in 
regions  of  the  firmament  at  a  distance  from  the 
sun,  but  has  perceived  the  planet  Venus,  when 
immersed  in  the  sun's  effulgence,  and  when  it  was 
within  a  degree  of  the  margin  of  that  luminary. 
(938) 


number  of  shining  points,  some  of  them  fair 
more  brilliant  than  others,  dispersed  through- 
out every  region  of  the  sky ;  but  he  cannofe 
tell  whether  they  appear  to  move  or  to  remaiu 
in  a  fixed  position ;  whether  they  shift  their 
positions  with  respect  to  each  other ;  whether 
they  rise  and  set ;  whether  all  the  stars  visi- 
ble at  six  o'clock  in  the  evening  are  also  seen 
at  midnight,  or  whether  the  same  clusters  are 
to  be  seen  in  summer  as  in  winter.  There 
are  thousands  and  millions  of  mankind  who 
have  occasionally  gazed  on  the  starry  vaull 
who  could  give  no  reply  to  such  interroga- 
tions. Such  is  the  apathy  with  which  the 
most  wonderfulw'orks  of  God  are  viewed  by 
the  great  bulk  of  mankind ;  although  only  a 
few  days  or  hours  of  serious  observation  would 
be  sufiicient  to  solve  some  of  the  questions  to 
which  we  allude. 

In  order  to  illustrate  the  apparent  motions 
of  the  heavens,  let  us  suppose  ourselves  placed 
in  a  situation  which  commands  an  extensive 
view  of  the  sky,  about  the  beginning  of  Jan- 
uary, at  eight  o'clock  in  the  evening.  At  this 
period,  on  a  serene  evening,  when  the  sky  is 
destitute  of  clouds,  a  sublime  and  beautiful 
spectacle  presents  itself  to  view,  as  some  of 
the  most  brilliant  constellations  are  then  above 
the  horizon.  We  behold  a  vast  hemisphere 
expanding  over  our  heads,  whose  centre  we 
seem  to  occupy,  and  which  appears  to  rest 
upon  our  horizon.  Above  and  around  us,  on 
every  hand,  a  multitude  of  brilliant  orbs,  of 
various  degrees  of  splendour,  display  their  ra- 
diance. But  whether  they  are  in  motion  or 
at  rest,  does  not  appear  at  the  first  glance. 
We  must  make  different  observations,  and 
wait  for  some  time  till  their  motion,  or  rest,  be 
discovered.  To  ascertain  this  point,  let  us  fix 
on  a  particular  star,  or  a  cluster  of  stars,  and 
bring  it  in  contact  with  a  church  spire,  a  chim- 
ney top,  the  twig  of  a  tree,  or  any  elevated 
object,  and  our  line  of  vision,  and  in  a  short 
time  w»  shall  find  it  has  moved  onwards  to 
the  west,  while  we  have  remained  stationary 
in  our  position.  Or,  if  we  direct  a  common 
telescope  to  any  star,  and  fix  the  instrument 
in  one  position,  in  a  few  minutes  the  star  will 
have  passed  from  the  field  of  view  to  the 
westward.  If  we  look  at  a  star  near  the 
horizon  in  the  west,  in  a  few  mjnutes  it  will 
sink  beyond  the  limits  of  our  view,  and  dis- 
appear. If  we  mark  any  particular  star  just 
risen  above  the  eastern  horizon,  in  an  hour  or 
two  it  will  be  seen  considerably  elevated  above 
its  former  position,  and  every  niinute  rising 
higher  and  higher.  If  we  look  at  any  bright 
star  rising  due  east,  about  six  o'clock  in  the 
evening,  at  twelve,  midnight,  it  will  be  on  the 
meridian,  or  due  south,  at  an  elevation  of 
thirty-eight  degrees,  and  at  six  o'clock  nexJ 
morning,  it  will  be  seen  setting  at  the  west 
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ern  point  of  the  horizon.  In  like  manner,  any 
other  star  rising  towards  the  east,  north-east, 
or  south-east,  if  carefully  observed,  will  be 
found  to  rise  gradually  till  it  come  to  the  me- 
ridian, and  then  dechne  in  a  western  direction, 
till  it  set  either  in  the  west,  north-west,  or 
south-west.  If  it  rise  in  the  north-east,  it 
will  set  in  the  north-west,  and  if  it  rise  in  the 
south-east,  it  will  set  in  the  south-west ;  in 
the  former  case  describing  a  larger,  and  in  the 
latter  a  lesser  portion  of  a  circle,  in  the  sphere 
of  the  heavens. 

The  following  are  some  varieties  which  may 
be  observed  in  the  apparent  motions  of  the 
stars.  If  you  look  towards  the  south,  you 
will  observe  some  stars  just  appearing  above 
the  horizon,  grazing  this  circle,  as  it  were,  but 
not  rising  above  it,  and  then  vanishing.  If 
you  observe  a  group  a  little  to  the  east  of  the 
south,  you  will  find  them  rising  above  the 
horizon,  making  a  small  arch,  and  then  going 
down  a  little  to  the  west  of  the  meridian.  If 
you  mark  another  group  rising  much  farther 
to  the  east,  you  will  find  these  describing  a 
much  larger  arch,  and  taking  a  much  longer 
time  before  they  go  down  to  the  westward  of 
the  meridian.  If  now  you  turn  your  face  to 
the  northern  part  of  the  sky,  you  will  find 
some  stars  that  just  skim  the  horizon,  at  cer- 
tain times,  near  the  north  point,  and  then 
gradually  mount  up  to  the  top  of  heaven,  till 
they  come  nearly  over  head,  and  then  descend, 
and  again  nearly  touch  the  northern  horizon, 
and  ascend  again  without  ever  disappearing, 
describing  a  complete  circle  above  the  horizon. 
Such  are  the  bright  stars  Vega,  Capella,  and. 
several  others.  Other  stars  that  are  higher 
than  these,  when  seen  near  the  northern  hori- 
zon, likewise  describe  complete  circles  in  the 
sky,  without  approaching  the  horizon;  and 
these  circles  gradually  diminish,  till  at  last 
you  arrive  at  a  star  which  seems  scarcely  to 
move  from  the  point  where  it  is  stationed — 
all  the  rest  seeming  to  circulate  around  it  as 
a  centre.  This  is  called  the  Pole  Star,  which, 
to  a  common  observer,  never  seems  to  vary  its 
position ;  and,  in  the  latitude  we  have  sup- 
posed, is  elevated  more  than  fifty  degrees 
above  the  northern  horizon.  The  time  occu- 
pied by  the  stars  now  alluded  to,  in  completing 
their  circles,  is  about  twenty-four  hours,  or, 
more  accurately,  is  twenty-three  hours,  fifty- 
six  minutes,  and  four  seconds,  and  they  all 
finish  their  revolutions  in  exactly  the  same 
period  of  time. 

For  the  illustration  of  what  has  been  now 
stated,  let  us  suppose  ourselves  to  be  viewing 
the  northern  quarter  of  the  heavens,  about 
the  beginning  of  November,  at  eight  o'clock 
in  the  evening.  At  this  time,  the  Great  Bear, 
or  Ursa  Major,  will  appear  near  the  lowest 
part  of  its  course,  not  far  from  the  northern 
117 


part  of  the  horizon.  I  refer  to  this  constella- 
tion, because  it  is  generally  known,  even  to 
common  observers,  and  is  sometimes  distin 
guished  by  the  names  of  "  the  Plough,*'  and 
'<  Charles's  Wain."  That  part  of  the  con- 
stellation which  is  generally  recognized,  con- 
sists of  seven  bright  stars,  of  which  the  four 
towards  the  right  form  a  kind  of  irregular 
square,  and  the  three  stars  stretching  out  from 
it  to  the  left  form  a  kind  of  irregular  curve. 
In  the  following  figure,  (fig.  1,)  this  constel- 
lation is  represented  in  four  positions. 

Fig.  1. 


Immediately  above  the  letter  S,  in  the 
lower  part  of  the  figure,  are  two  stars,  form- 
ing the  right  side  of  the  square,  the  upper- 
most of  which  is  called  Dubbe,  and  the  lower 
one  Merak.  They  are  about  five  degrees 
distant  from  each  other,  and  are  most  frequent- 
ly known  by  the  name  of  "the  Pointers,''V 
because  they  always  point  to  the  pole  star. 
The  pole  star  is  represented  in  the  central 
part  of  the  figure  ;  it  is  about  twenty-nino 
degrees — or  nearly  six  times  the  distance  of 
the  two  pointers — from  Dubbe,  and  in  what- 
evier  position  this  constellation  may  happen  to 
be,  these  two  stars  always  point  to  the  pole 
star,  which  is  the  first  bright  star  in  a  lino 
with  the  pointers,  at  the  proportional  distance 
exhibited  in  the  engraving ;  and  by  attending 
to  this  circumstance,  the  pole  star  may  at  all 
times  be  distinguished.  Sudsh  is  the  position 
of  this  constellation  at  eight  o'clock  in  the 
evening  of  the  first  of  Novembe.r.  If  now  we 
view  this  constellation,  about  eleven  o'clock 
the  same  evening,  or  a  few  evenings  after- 
wards, we  shall  find  that  it  has  moved  con- 
siderably towards  the  east,  and  to  a  higher 
elevation  ;  and  at  two  o'clock  the  next  morn- 
ing, it  will  be  seen  in  the  position  representcil 
a^  E,  with  the  pointers  still  directed  to  tho 
412  (029i). 
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pole  star.     At  eight  o^cIock  in  the  morning,  a  circle  of  about  three  degrees  in  d'mmeieT' 

it  will  be  seen  at  N,  when  it  will  appear  in  the  This  motion  may  be  perceived   by  placing  a 

zenith,  with  the  pointers  pointing  downward  telescope  in  a  fixed  position,  and  directing  it 

towards  the  pole.    x4t  two  o'clock  in  the  after-  to  this  star,  when  we  shall  find  that,  after  an 

noon,  if  it  could  then  be  seen,  it  will  appear  hour  or  two,  it  will  have  moved  out  of  the 

as  represented  at  W,  to  the  west  of  the  pole,  field  of  view.     There  is  no  star  exactly  at  the 

and    the  pointers   pointing   eastward   to  the  polar  point,  and  this  is  called  the  polar  star, 

polar   star;    and   again,   about   eight  in   the  because  it  is  the  nearest  bright  star  to  the 

evening,  it  will  return  nearly  to  its  former  po-  north  pole  of  the  heavens.     It  forms  the  tip 

sition  at  S.  of  the  tail,  or  the  extremity  of  Ursa.  Minor f 

Again,  this  constellation  appears  in   differ-  or  the  Lesser  Bear,  which  likewise  consists  of 

ent  positions,  at   the  same  hour,  at  different  seven  stars,  arranged  very  nearly  in  the  shape 

seasons  of  the  year.     We  have  seen  that,  in  of  the  Greater  Bear,  but  in  a  reverse  order. 

the  beginning  of  November,  at  eight  o'clock  This  constellation,  which  is  much  nearer  the 

in   the  evening,  it  appears  as  represented  at  pole  than  Ursa  Major,  may  he  seen  revoUing 

S;  ill  the  beginning  of  February,  at  the  same  around  it,  in  the  same  manner  as  we  have 

hour,  it  will   appear  as  represented  at  E  ;  in  described  above,  but  the  stars  of  which  it   m 

the  beginning  of  May,  as  exhibited  at  N ;  and  composed  are  much  smaller,  and  not  so  easily 

in  the  beginning  of  August,  at  the  same  hour,  distinguished  as  those  of  Ursa  Major,    When 

as  represented  at  W.  the  Great  Bear  is  at  its  lowest  position,  as  at 

In  order  that  none  of  my  readers  may  fall  S,  (fig.  L)  the  square  of  the  Lesser  Bear  is 
into  any  mistakes  from  what  has  been  now  considerably  to  the  westward,  and  the  four 
slated,  I  may  be  permitted  to  mention  the  stars,  of  which  it  is  composed,  are  directly 
following  anecdote ;— A  few  years  ago,  I  point-  above  the  tail  of  the  Great  Bear,  at  the 
ed  out  in  the  heavens,  to  a  lady  of  my  distance  of  about  twenty  degrees,  as  at  A. 
acquaintance,  the  constellation  of  the  Great  Let  us  now  suppose  ourselves  contemplating 
Bear,  and  showed  her  how  she  might  mark  the  southern,  eastern,  and  western  part  of  the 
its  positions  at  different  times,  and  its  appar-  heavens,  about  the  beginning  of  January,  at 
ent  revolution  round  the  pole  star.  About  a  nine  o'clock  in  the  evening.  At  this  time  we 
year  afterwards,  she  told  me  she  had  carefully  shall  see  the  seven  stars,  a  very  little  to  the 
made  the  observations  to  which  I  had  directed  west  of  the  meridian,  and  at  a  very  high 
her,  and  found  them  to  correspond  to  what  I  elevation.  Next  to  this  cluster,  on  the  east, 
had  stated.  She  appeared,  however,  to  have  but  a  little  lower,  is  Aldeharan,  or  the  Bull's 
paid  no  attention  to  any  other  stars,  but  those  Eye,  a  ruddy  star  of  the  first  magnitude,  in 
of  the  Great  Bear ;  and  on  putting  several  the  constellation  of  Taurus,  South  by  east 
questions  to  her  on  the  subject,  I  found  that  of  Aldebaran,  and  considerably  below  it,  is 
she  conceived  of  the  motion  of  the  Great  the  splendid  constellation  of  Orion,  distinguish- 
Bear  as  if  it  had  been  a  huge  monster  pursu-  ed  by  four  bright  stars  forming  an  irregular 
ing  its  way  through  the  midst  of  the  surround-  square,  or  parallelogram,  in  the  D:iiddle  of 
ing  stars,  as  if  they  had  all  been  at  rest,  which  are  three  bright  stars  in  a  straight  line, 
without  apparently  shifting  their  position —  at  equal  distances  from  each  other.  This  ia 
somewhat  like  a  huge  animal  pursuing  its  one  of  the  most  splendid  constellations  in  the 
way  through  a  crowd,  whilst  every  individual  heavens,  and  is  distinguished  by  almost  every 
of  the  crowd  remained  nearly  in  the  same  common  observer  by  the  three  stars  now  men- 
position.  Now,  that  my  readers  may  not  fall  tioned,  which  form  the  belt  of  Orion,  or  what 
into  the  same  mistake,  let  it  be  carefully  re-  Job  calls  "the  bands  of  Orion,"  and  are 
membered  that  all  the  stars  in  the  neighbour-  sometimes  known  by  the  names  of  "the  three 
hood  of  the  pole  have  the  same  apparent  Kings,"  "  the  Yard,"  and  "  the  Lady's  El- 
motions  and  revolutions  as  the  Great  Bear,  all  wand."  South-east  from  Orion,  at  a  low 
moving  in  concert,  but  some  of  them. describing  elevation,  is  the  star  Sirius,  belonging  to 
larger,  and  others  smaller  circles,  around  Cafiis  Major,  or  the  Great  Dog,  which  is 
the  polar  point,  and  all  completing  their  revo-  considered  the  most  brilliant  fixed  star  in  the 
lution  in  the  same  time,  namely,  in  twenty-  heavens.  North-east  from  Sirius,  at  a  highe? 
four  hours.  elevation,  is  Procyon,  a  bright  star  in  Canis 

Having  represented  the  pole  star  in  the  Minor  or  the  Little  Dog.  North  from  Pro- 
centre  of  the  engraving,  to  prevent  mistakes,  cyon,  at  a  much  higher  altitude,  are  the  bright 
it  may  be  proper  to  mention,  that  this  star,  stars  Castor  and  Pollux,  belonging  to  the 
although,  to  a  common  observer,  it  appears  in  constellation  Gemini.  If,  then,  three  hours 
a  fixed  position,  is  not  exactly  in  the  polar  after  having  made  these  observations,  or 
point :  it  is,  at  present,  one  degree  and  thirty-  about  midnight,  we  view  the  face  of  the  hea- 
*wo  minutes  from  the  north  pole  of  the  vens,  we  shall  find  a  considerable  alteration  in 
heavens,  and  revolves  around  it  e'^'ery  day  in  the  positions  of  the  stars  and  constellations 
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to  which  we  have  referred.  The  seven  stars 
will  then  be  found  to  have  moved  halfway  be- 
tween the  meridian  and  the  western  horizon, 
followed  by  Aldebaran,  which  is  then  a  con- 
siderable distance  past  the  meridian  to  the 
westward.  The  constellation  of  Orion  is  like- 
wise westward  of  the  meridian,  and  the 
bright  star  Sirius,  which  was  formerly  in  the 
south-east,  is  now  nearly  due  south.  Procyon, 
and  Castor  and  Pollux,  which,  at  nine  o'clock, 
were  a  great  way  towards  the  east,  are,  at 
midnight,  not  far  from  the  meridian,  and  at  a 
much  higher  elevation.  All  which  circum- 
stances show  that  the  various  clusters  of  stars, 
in  the  eastern,  southern,  and  western  portions 
of  the  heavens,  have  a  regular  and  uniform 
apparent  motion  from  east  to  west. 

Such  are  some  of  the  general  appearances 
of  the  heavens,  as  viewed  in  our  northern 
latitude ;  but,  in  several  other  quarters  of  the 
globe,  their  aspects  will  appear  somewhat  dif- 
ferent. Were  we  placed  under  the  equator, 
in  the  island  of  Sumatra,  or  about  Quito,  in 
South  America,  we  should  behold  all  the  stars 
in  the  firmament  proceeding  in  their  courses 
from  east  to  west.  All  the  stars  would  ap- 
pear to  rise  and  set,  and  none  of  them  would 
describe  circles  above  the  horizon,  as  some  of 
them  appear  to  do  in  our  northern  region. 
1'he  north  pole,  which  in  our  latitude,  is  at  a 
high  elevation,  would  appear  in  the  northern 
point  of  the  horizon,  and  the  south  pole  would, 
at  the  same  time,  be  visible  in  the  opposite 
quarter  of  the  heavens.  In  our  latitude,  we 
cannot  perceive  above  two-thirds  of  the  stars 
which  may  be  seen  in  the  firmament,  but,  at 
the  equator,  all  the  visible  stars  of  heaven  may 
be  perceived.  During  the  space  of  twenty- 
four  hours  they  all  pass  along  above  the  hori- 
zon. The  one-half  of  them,  indeed,  cannot 
be  seen  on  account  of  the  fight  of  day,  but, 
in  the  course  of  a  year,  they  are  all  visible. 
Were  we  placed  in  Van  Diemen's  Land,  or  at 
the  Cape  of  Good  Hope,  we  should  behold 
multitudes  of  stars  which  are  never  visible  in 
our  latitude,  and  the  constellations  of  the  Great 
and  Little  Bears,  Cassiopeia,  and  other  clus- 
ters, would  be  no  longer  visible.  Could  we 
take  our  station  at  the  north  pole  of  the  earth, 
the  stars  would  appear  neither  to  rise  or  set, 
nor  yet  to  standstill.  All  the  stars  visible 
from  this  point  would  appear  to  move  round 
the  heavens  above  the  horizon,  in  parallel  cir- 
cles, every  twenty-four  hours ;  and  all  that 
could  ever  be  seen  in  such  a  situation  might 
be  perceived  every  hour  and  minute,  in  a  clear 
sky,  when  the  sun  is  absent.  But,  from  this 
point,  only  one-half  of  the  firmament  is  visi- 
ble, and  none  of  the  stars  belonging  to  the 
other  half  ever  rise  above  the  horizon. 


Segtiojst  in. 

Conclusions  Deduced  from  the  Preceding 
Facts  and  Observations, 

An  mtelHgent  spectator,  after  having    ob-- 
served  the  various  aspects  of  the  heavens  above 
described,    will   naturally    inquire — Whence  ' 
come  those    stars  which  are  seen    gradually 
emerging  from  the  eastern  horizon  1    Whither 
have   those  stars  gone  which   have  sunk  be- 
neath the  western  horizon  1     And  what  be- 
comes of  those  stars  during  the  fight  of  day, 
which  shine  with  so  much  splendour  during 
the  shades  of  night  1     A  little  reflection  on 
the  subject  will  soon  suggest,  that  the  stars 
which  are  seen  rising  above  the  eastern  hori- 
zon, come   from   another  hemisphere  of  the 
heavens,  which  is  invisble  from  the  point  on 
which  we   stand,  and   which   we   are   apt  to 
imagine  is  below  the  hemisphere  which  we 
behold  above  us ;  and  when   they  set  in   the 
west,  return  to  that   hemisphere   again  ;  and 
that  the  reason  why  the  stars  are   not  visible 
during  the  day,  is  because  their  fight  is  over- 
powered by  the   more  vivid  splendour  of  the 
sun.     We  are  also  naturally  led  to  conclude, 
from   such   appearances,    that   the   world    in 
which  we  dwell  is  suspended  in  empty  space, 
and  is  surrounded  on  all  sides,  above   and  be- 
low, by  the  expanse    of  the   firmament,   in 
which   the  sun,  moon,  planets,  and  stars  ap- 
pear to  perform  their  diversified  motions  and 
revolutions.     Another  conclusion  which  may 
be  deduced  from  the  preceding  observations, 
is,  that  the  whole  sphere  of  the  heavens  per- 
forms an  apparent  revolution  round  our  world  ; 
carrying,  as  it  were,  all  the  stars  along  with  it 
in  the  space  of  twenty-four  hours.     Whether 
this  motion  be  real,  or  only  apparent,  requires 
to  be  determined  by  certain  rational  considera- 
tions, and  from  the  harmony  and  order  which 
appear  to  be  characteristic  of  the  works  of  the 
Creator  ;  to  which  subject  we  shall  particular- 
ly direct  our  attention  in  the  following  chapter. 
In  the  mean  time,  we  may  remark,  that  such 
general  views  of  the  motions  of  the   starry 
firmament  as  we  have  already  taken,  have  a 
tendency  to  expand  the  intellectual  faculties, 
and  to  elevate  the  mind  to  the  contemplation 
of  some  Great  Invisible  Power,  by  which  such 
mighty  movements  are  conducted.    When  we 
behold  the  vast  concave  of  the  sky,  with   all 
its  radiant  orbs,  moving  in  majestic  grandeur 
around   our  globe,  an  idea  of  sublimity  and 
almighty  energy  irresistibly  forces  itself  upon 
the   mind,  which  throws  completely  into  the 
shade  the  mightiest  efforts  of  the  human  pow- 
er,— so  that  the  most  stupendous   machines 
ever  constructed  by  human  art  can  afibrd  no 
assistance  in  forming  a  conception  of  that  in- 
comprehensible   Power,  which   sustains   and 
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carries  forward  in  their  course  thousands  of  self,  wonderful,  magnificentj  and  incompre- 
spacious  worlds.  The  shining  orbs  which  the  hensible.  The  motions  to  which  we  have 
firmament  displays  are  evidently  placed  at  an  chiefly  alluded,  are  either  in  the  earth  or  in 
immense  distance  from  the  earth,  and  conse-  the  heavens.  If  these  motions  really  exist  in 
quently  are  bodies  of  an  immense  size  ;  and  if  the  heavens,  the  mind  is  overpowered  with 
the  apparent  motions  to  which  we  have  advert-  astonishment  at  the  idea  of  thousands  and 
ed  were  real,  the  swiftness  with  which  they  tens  of  thousands  of  vast  globes  of  light,  at 
would  fly  through  the  regions  of  space  would  immense  distances,  every  day  revolving  around 
exceed  all  human  calculation  and  conception,  us  with  amazing  velocity.  If  the  motion  chief- 
But  whether  these  motions  be  real  or  apparent,  ly  exist  in  the  earth,  then  we  are  still  over- 
we  find  motions  actually  existing  among  the  whelmed  with  wonder  at  the  idea  of  a  globe 
orbs  of  heaven  which  astonish  and  overpower  containing  two  hundred  millions  of  square 
every  rational  and  contemplative  mind.  The  miles,  with  its  mighty  continents  and  oceans, 
very  circumstance,  that  motions  so  sublime  and  its  numerous  population,  whirling  around 
appear  in  the  expanse  of  the  firmament,  is  ade--  its  axis  every  day,  at  the  rate  of  a  thousand 
monstrative  proof  that  motions  of  a  wonder-  miles  an  hour,  and,  in  its  course  round  the 
ful  and  incomprehensible  nature  exists  some-  sun,  flying  with  a  velocity  of  eleven  hundred 
where;  and  the  ideas  of  majesty,  of  grandeur,  and  thirty  miles  every  minute!  There  is  no 
and  of  omnipotent  energy,  which  this  single  alternative  but  that  of  admitting  either  the 
circumstance  is  calculated  to  inspire,  are  such  one  or  the  other  of  these  motions;  and  what- 
a.s  irresistibly  to  lead  the  mind  to  the  contem-  ever  view  we  take  of  this  subject,  or  in  what- 
plation  of  a  Being  whose  perfections  are  in-  ever  light  we  contemplate  the  phenomena  of 
comprehensible,  and  whose  "  ways  are  past  the  heavens,  we  are  almost  irresistibly  led  to 
finding  out."  exclaim,  "Great  and  marvellous  are  thy  works, 

It  does  not  require  a  scientific  knowledge  of  Lord  God  Almighty  !"  <' Who  can  utter  the 
astronomy  in  order  that  the  mind  may  be  im-  mighty  operations  of  Jehovah!"  "  The  Lord 
pressed  with  sentiments  of  admiration  at  the  God  omnipotent  reigneth  !"  The  idea  of  a  Be- 
movements  which  appear  throughout  the  uni-  ing,who  thus  incessantly  displays  such  amazing 
verse.  For  the  works  of  God,  when  contem-  energies  demands  from  all  his  intelligent  off- 
plated  in  any  point  of  view,  or  on  any  theory,  spring  a  tribute  of  reverence  and  adoration, 
or  hypothesis  we  may  form,  appear,  like  him-   of  gratitude  and  praise. 


CHAPTER  IL 

On  the  Figure  and  Motion  of  the  Earth. 

Section-  I.  man,   and   particularly  of  every  Christian,  to 

contemplate,  with  an  eye  of  intelligence  and 

On  the  Figure  of  the  Earth,  and  the  Argu-  devotion,  the  operations  of  the  Most  High,  in 

ments  which  prove  that  it  is  nearly  in  the  order  that  he  may  be  enabled  to  "■  praise  Him 

shape  of  a  Globe,  for  his  mighty  acts,"  and  "  according  to  his 

excellent  greatness."  And  the  man  who  will 
In  the  preceding  chapter,  we  have  given  a  not  give  himself  the  trouble  of  occasionally 
description  of  the  principal  motions  which  ap-  devoting  an  hour  or  two  to  such  studies  and 
pear  in  the  heavens,  both  by  day  and  by  night,  observations,  virtually  declares  that  the  works 
Every  one,  however  illiterate,  who  has  a  de-  of  his  Creator  are  unworthy  of  his  contem- 
aire  to  study  "  the  wonderful  works  of  God,"  plation  ;  and  consequently,  that  he  deserves  to 
has  an  opportunity,  if  he  please,  to  observe  remain  in  ignorance  of  the  most  sublime  ob- 
most  of  the  motions  and  phenomena  to  which  jects  of  creation,  and  of  the  most  glorious 
we  have  adverted,  provided  he  live  in  the  coun-  manifestations  of  the  Divinity, 
try,  or  in  a  spacious  street  or  square.  Those  Before  proceeding  to  a  particular  descrip- 
who  live  in  the  narrow  and  dirty  lanes  and  tion  of  the  planetary  system,  it  is  requisite 
courts  of  London,  Liverpool,  Manchester,  and  that  we  should  acquire  clear  and  definite 
other  populous  cities  and  towns,  have  no  views  of  the  figure  and  motions  of  this  earth, 
scope  for  making  such  observations,  unless  on  which  we  reside ;  without  which  the  gene- 
they  occasionally  retire  to  the  open  fields ;  ral  frame  of  the  universe,  and  the  order  and 
and  hence  it  is  that  the  inhabitants  of  such  arrangement  of  the  solar  system,  cannot  be 
places  seldom  know  any  thing  of  the  general  appreciated  or  understood, 
aspects  either  of  the  earth  or  of  the  heavens.  For  a  long  period,  during  the  dark  ages, 
It  is,  however,  the  incumbent  duty  of  every  and  the  infancy  of  science,  the  world  in  which 
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we  dwell  was  considered  as  the  largest  body 
in  the  universe.  It  was  supposed  to  be  an 
immense  plain,  diversified  with  a  few  ine- 
quahties,  caused  by  the  mountains  and  vales ; 
and  that  it  stretched  out  in  every  direction  to 
an  unlimited  extent,  and  was  bounded  on  all 
sides  by  the  sky.  What  was  below  this  im- 
mense mass  of  land  and  water,  and  how  it 
was  supported,  none  could  tell ;  though  some 
of  the  Christian  fathers  strenuously  asserted 
that  the  earth  was  extended  infinitely  down- 
wards, and  estabhshed  upon  several  founda- 
tions. Such  were  the  absurd  and  foolish 
opinions  of  those  who  viewed  the  system  of 
nature  through  a  false  medium,  and  who  were 
ignorant  of  the  facts  and  principles  of  modern 
science.  It  is  only  within  the  period  of  the 
last  three  hundred  years  that  the  true  figure 
and  dimensions  of  the  earth  have  been  accu- 
rately ascertained.  This  figure  is  now  found 
to  be  that  of  an  oblate  spheroid,  very  nearly 
approaching  to  the  shape  of  a  globe,  or  sphere. 
That  this  is  in  reality  the  form  of  our  world 
will  appear  from  the  following  considerations. 

1.  When,  on  a  calm  day,  we  take  our  sta- 
tion on  the  seashore,  we  shall  perceive  that 
the  surface  of  the  water  is  not  quite  plane, 
but  a  little  convex,  or  rounded  ;  and  if  we 
happen  to  be  on  one  side  of  an  arm  of  the  sea, 
two  OT  three  miles  broad,  if  we  place  our  eyes 
near  the  water,  and  look  towards  the  opposite 
coast,  we  shall  plainly  see  the  water  elevated 
between  our  eyes  and  the  opposite  coast,  so  as 
to  prevent  our  seeing  the  objects  which  are 
near  the  edge  of  the  water,  if  we  make  the 
same  experiment  on  a  lake  of  two  or  three 
miles  in  extent,  a  small  boat  near  the  end  of 
the  lake  may  be  seen  by  a  man  who  is  a 
some  height  above  the  water ;  but  if  we  lay 
our  eye  near  the  surface,  the  view  of  the  boat 
will  be  intercepted  by  the  convexity  of  the 
water,  which  shows  that  the  lake  is  a  small 
segment  of  a  globe. 

2.  When  we  view  a  ship  taking  its  de- 
parture from  the  coast  in  any  direction,  as  it 
retires  from  our  view  we  may  perceive  the 
masts  and  rigging  of  the  vessel  when  the  hull 
has  disappeared,  and  has  sunk,  as  it  were, 
beyond  the  boundary  of  our  sight.  First  we 
lose  sight  of  the  hull,  then  of  the  sails,  and, 
last  of  all,  of  the  topmast.  On  the  other 
hand,  when  a  ship  is  approaching  the  shore, 
the  first  part  of  it  which  is  visible,  when  at  a 
considerable  distance,  is  the  topmast ;  as  it 
approaches  nearer,  the  sails  begin  to  be  seen ; 
and  last  of  all  the  hull  gradually  comes  within 
the  limits  of  our-  sight — but  the  vessel  will 
pass  over  several  miles  of  the  sea,  from  the 
time  of  our  first  perceiving  the  topmast  till  the 
hull  appears.  In  order  to  make  such  observa- 
tions with  accuracy,  it  is  requisite  that  a  tele- 
scope should  be  used.     What  is  it,  then,  that 


prevents  the  hull  of  a  ship  from  being  per- 
ceived when  its  topmasts  are  visible  1  It  is 
evidently  the  round,  or  convex  surface  of  the 
water  rising  up,  as  it  were,  or  interposing  be- 
tween our  eye  and  the  lower  part  of  the  ship, 
when  it  has  receded  a  certain  distance.  Now, 
as  such  appearances  are  observed  on  every  sea 
and  ocean  on  the  face  of  the  earth,  it  follows 
that  the  ocean  at  large  is  a  convex  surface,  or 
a  portion  of  a  globe  ;  and  if  the  ocean  be 
globular,  so  also  is  the  land — notwithstanding 
that  the  hills  and  mountains  form  a  few  ine- 
qualities on  its  surface — for  the  portions  of 
the  land  are  all  nearly  on  a  level  with  the 
ocean,  with  the  exception  of  the  ranges  of 
elevated  mountains. 

What  has  been  now  stated   may  be  illus- 
trated  by   the    following   figure,  (fig.  2,)  in 

Fig.  2. 


which  the  convex  surface  of  the  globe  is  re- 
presented. At  D  a  person  is  represented  as 
standing  on  the  top  of  a  tower  ;  and  from  that 
elevation  he  is  ent^bled  to  see  both  the  top- 
mast and  the  hull  of  the  ship  E  ;  which  is 
evident,  because  right  lines  can  be  drawn 
without  interruption  from  the  eye,  both  to 
the  topmast  and  to  the  hull.  Whereas  a  line 
drawn  from  the  eye  to  the  hull  of  the  ship  F, 
which  is  at  a  greater  distance,  is  intercepted 
by  the  convex  surface  of  the  water  interpos- 
ing, and  consequently  the  hull  is  invisible ; 
but  a  line  drawn  from  the  eye  to  the  higher 
parts  of  the  vessel  shows  that  the  topmasts 
are  visible,  because  light,  when  passing  through 
the  same  medium,  flows  in  straight  lines  from 
every  object.  In  conformity  with  what  has 
been  now  stated,  we  find  that  the  higher  the 
eye  is  placed,  the  farther  will  the  view  be  ex- 
tended. From  a  lofty  mountain  we  obtain  a 
much  more  distant  and  extensive  prospect 
than  from  the  plain  below ;  and  hence  it  is 
common  for  sailors  to  ascend  to  the  top  of  the 
(933) 
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ship's  mast,  when  they  wish  to  descry  objects 
at  the  greatest  distance  ;  as  from  such  an  ele- 
vation they  can  discover  land,  or  other  ships, 
at  a  greater  distance  than  when  they  stand  on 
deck.  On  the  other  hand,  were  the  surface 
of  the  sea  a  level   plain,  as   represented   in 

Fig.  3. 


fig.  3,  the  appearances  would  be  very  differ- 
ent. A  line  might  be  drawn  from  any  object 
situate  upon  it,  as  the  ship  D,  to  the  eye, 
whether  it  were  placed  high  or  low,  at  A  or 
at  B.  In  this  case,  any  object  upon  the  earth 
or  sea  would  be  visible  at  any  distance  which 
was  not  so  great  as  to  make  the  appearance 
of  it  too  faint  or  small  to  be  perceived.  An  ob- 
ject would  be  visible  at  the  same  distance  whe- 
ther the  eye  were  high  or  low.  The  largest, 
and  not  the  highest,  objects  would  be  visible  at 
the  greatest  distance.  The  topmast  of  a  ship 
would  first  disappear,  and  the  hull,  as  being 
the  largest  body,  would  be  longest  visible ; 
but  this  is  contrary  to  all  experience.  The 
considerations  now  adduced  are,  therefore, 
clear  and  decisive  proofs  that  the  earth  is  not 
an  extended  plain,  but  a  globular  body  ;  and 
it  is  astonishing  that  such  a  conclusion  was 
not  generally  drawn  till  a  few  centuries  before 
the  present  age. 

3,  That  the  earth  is  round  from  east  to 
west,  appears  from  actual  experiment;  for 
many  navigators,  by  sailing  in  a  westerly  di- 
rection, have  gone  quite  round  it  from  east  to 
west.  They  have  set  sail  from  England, 
crossed  the  Atlantic,  rounded  Cape  Horn, 
sailed  along  the  Great  Pacific  ocean  to  the 
northern  coasts  of  New  Holland,  crossed  the 
Indian  sea,  and  passing  the  Cape  of  Good 
Hope,  have  again  arrived,  by  traversing  the 
Atlantic,  to  the  port  whence  they  set  out. 
This  experiment  therefore  shows  that  the 
earth  is  round  from  east  to  west ;  but  it  does 
not  also  prove  that  it  is  also  round  from  north 
to  south ;  for  it  has  never  been  actually  cir- 
cumnavigated in  that  direction,  on  account  of 
the  obstruction  caused  to  navigation  by  the 
immense  masses  of  ice  within  the  polar  re- 
gions. Had  we  therefore  no  other  proof  of 
the  earth's  rotundity  than  this^  we  might  be 
apt  to  suppose  it  somewhat  resembling  the 
shape  of  a  cylinder.  But  that  the  earth  is  in 
reality  round  from  north  to  south,  appears 
from  the  following  circumstances.     When  we 


travel  a  considerable  distance  from  north  to 
south,  or  from  south  to  north,  a  number  of 
new  stars  successively  appear  in  the  heavens 
in  the  quarter  to  which  we  are  advancing,  and 
many  of  those  in  the  opposite  quarter  gradu- 
ally disappear.  For  example,  in  sailing 
toward  the  south,  when  we  approach  the  equa- 
tor the  brilliant  constellation  called  the  Cross 
makes  its  appearance,  which  is  always  invisi- 
ble in  this  country ;  and  if  we  go  still  farther 
south,  the  constellations  of  the  Great  Bear, 
Cassiopeia,  and  other  stars  visible  in  our 
northern  sky,  will  entirely  disappear ;  which 
could  not  happen  if  the  earth  were  a  plane  in 
that  direction ;  for,  in  this  case,  all  the  stars 
of  heaven  would  be  visible  in  every  point 
from  the  north  pole  to  the  south. 

4.  Another  corroborative  proof  of  the 
earth's  globular  figure  is  this ;  in  cutting  for 
a  canal,  in  order  to  have  the  water  on  a  levels 
certain  allowances  require  to  be  made  for  the 
earth's  rotundity.  The  slope  requisite  to  be 
made  on  this  account  is  about  eight  inches  in 
the  mile,  thirty-two  inches  in  two  miles,  and 
so  on,  increasing  as  the  square  of  the  dis- 
tance. If  the  earth  were  a  plane,  no  allow- 
ances of  this  kind  would  be  requisite,  in  order 
that  the  water  in  a  long  canal  might  stand  on 
a  level. 

5.  The  phenomena  exhibited  in  eclipses  of 
the  moon  present  to  the  eye  a  clear  demon- 
stration that  the  earth  is  of  a  spherical  form. 
It  is  well  known  that  an  eclipse  of  the  moon 
is  produced  by  the  intervention  of  the  body  of 
the  earth  between  the  sun  and  the  moon, 
which  can  only  happen  at  the  time  of  full 
moon,  in  which  case,  the  shadow  of  the  earth 
falls  upon  the  moon.  This  shadow  is  found 
in  all  cases,  and  in  every  position  of  the  earth 
and  moon,  to  be  of  a  circular  figure,  or  the 
segment  of  a  circle,  as  the  whole  shadow  can» 

Fig.  4. 
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not  be  seen  at  one  time.  Thus,  let  A  B  (fig. 
4)  represent  the  moon  while  an  eclipse  is 
going  on,  and  C  D  the  shadow  of  the  earth, 
which  is  much  larger  than  the  diameter  of  the 
moon.     In  every  stage  of  the  progress  of  an 
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eclipse,  the  curve  A  B  of  the  earth's  shadow  Almighty,  in  which  we  are  not  irresistibly 
is  distinctly  perceived  passing  along  the  disk  excited  to  wonder  and  admire, 
of  the  n^oon.  But  the  entire  shadow  of  the  We  may  here  also  remark,  that  the  globu- 
earth  is  not  seen,  because  there  is  np  bright  lar  figure  of  the  earth  is  evidently  the  best 
obiect  on  which  the  whole  of  it  can  fall;  only  adapted  to  a  habitable  world.  It  is  the  most 
that  part  of  it  which  covers  ihe  moon  being  capacious  of  all  forms,  and  contains  the 
visible.  But  since  this  shadow  always  appears  greatest  quantity  of  area  in  the  least  possible 
a  portion  of  a  circle,  it  proves,  incontestibly,  space.  It  is  the  best  adapted  to  motion,  both 
that  the  whole  mass  of  land  and  water,  of  annual  and  diurnal,  every  part  of  the  surface 
which  the  earth  is  composed,  is  nearly  of  a  being  nearly  at  the  same  distance  from  the 
globular  form.  centre  of  gravity  and  motion.     Without  this 

If,  therefore,  we  admit  that  the  earth  is  of  a  figure,  there  could  have  been  no  comfortable 
globular  form,  it  necessarily  follows  that  it  and  regular  alternation  of  day  and  night  in 
may  be  inhabited  on  all  sides,  and  conse-  our  world,  as  we  now  enjoy ;  and  the  light 
quently,  that  those  who  hve  on  the  opposite  of  the  sun  and  the  mass  of  waters  could  not 
side  of  the  globe  must  have  their  feet  pointing  not  have  been  equally  distributed.  Had  the 
towards  our  feet,  and  their  heads  pointing  in  earth  been  of  the  figure  of  a  cube,  or  penta- 
an  opposite  direction.  Thus,  in  fig.  2,  the  gon,  or  of  any  other  angular  form,  some  parts 
person  standing  at  A  has  his  feet  pointing  to  would  have  been  comparatively  near  the  cen- 
the  feet  of  the  one  standing  at  B,  and  their  tre  of  gravity,  and  others  hundreds  or  thou- 
heads  pointing  to  regions  of  space  directly  sands  of  miles  further  from  it.  Certain  coun- 
opposite;  and  therefore  if,  by  any  motive  tries  would  have  been  exposed  to  furious 
power,  they  were  to  be  carried  forward  in  the  tempests,  which  would  have  overturned  and 
direction  to  which  their  heads  point,  and  the  destroyed  every  object ;  while  others  would 
power  to  be  continued,  they  would  never  have  been  stifled  for  want  of  currents  and  agi- 
meet  through  all  eternity.  The  same  may  be  tation  of  the  air.  One  part  would  have  been 
said  in  reference  to  the  persons  supposed  to  overwhelmed  with  water,  and  another  entirely 
be  placed  at  G  and  D.  It  also  follows,  that,  destitute  of  the  liquid  element ;  one  part 
could  we  suppose  a  hole  bored  through  the  might  have  enjoyed  the  benign  influence  of 
centre  of  the  earth,  commencing  at  the  point  the  sun,  while  another  might  have  been  within 
where  we  now  stand,  and  extending  to  the  the  shadow  of  elevations  a  hundred  miles  high, 
opposite  side,  it  would  terminate  at  our  anii-  and  in  regions  of  insufferable  cold.  In  short, 
podes,  and  would  measure  nearly  eight  thou-  while  one  country  might  have  resembled  a 
sand  miles.  It  likewise  follows  that  this  paradise,  others  would  have  been  transformed 
globe  of  land  and  water  \s,  either  suspended  into  a  chaos,  where  nothing  was  to  be  seen 
in  empty  space,  or  is  moving  round  its  axis  but  barrenness  and  desolation.  But  the 
every  day,  or  flying  with  immense  velocity  globular  figure  which  the  Creator  has  given 
round  the  sun  every  year.  Whichever  of  to  our  world  prevents  all  such  inconveniences 
these  suppositions  we  hold  to  be  true,  a  won-  and  evils,  and  secures  to  us  all  the  advantages 
derful  and  sublime  idea  is  conveyed  to  the  we  enjoy  from  the  equable  distribution  of  light 
mind.  If  we  suppose  the  earth  at  rest  in  and  gravity — of  the  waters  of  our  seas  and 
empty  space,  we  have  presented  to  view  a  rivers,  and  of  the  winds  and  motions  of  the 
giobe— containing  264  millions  of  cubical  atmosphere.  Hence  it  is  that  all  the  bodies 
miles,  and  weighing,  at  least  2,200,000,000,-  of  the  planetary  system  are  either  spherical, 
000,000,000,000,  or  more  than  two  thousand  or  spheroidal  bodies;  nay,  all  the  great  bodies 
trillions  of  tons — resting  upon  nothing — sus-  in  the  universe,  so  far  as  our  knowledge  ex- 
pended in  the  midst  of  infinite  space,  and  tends,  are  found  to  be  of  a  globular  figure ; 
surrounded  by  the  immense  bodies  of^the  uni-  and  in  this  arrangement  the  wisdom  and  iia- 
verse,  with  no  material  support  but  the  iiivisi-  telligence  of  the  Almighty  Creator  are  clearly 
ble  arm  of  Omnipotence,  poising  its  immense   to  be  perceived. 

mass  of  continents  and  oceans,  and  prevent-  In  short,  the  discovery  of  the  globular  figure 
ing  it  from  sinking  into  the  depths  of  iniinity.  of  the  earth  constitutes  an  important  fact  in 
If  we  suppose  it  to  "be  turning  round  its  axis,  the  history  of  Divine  Providence,  without 
and  revolving  at  the  same  time,  round  the  which  some  of  the  grand  designs  of  the  Cre- 
sun,  then  we  have  presented  to  view  a  still  ator,  in  reference  to  our  world,  would  not 
more  astonishing  idea — a  globe,  of  the  huge  have  been  accomplished.  It  was  in  conse» 
dimensions  now  stated,  with  its  numerous  quence  of  a  knowledge  of  this  fact  that  the 
population,  flying  through  the  spaces  of  im-  continent  of  America  was  discovered,  and  the 
mensity,  without  intermitting  its  speed  a  sin-  blessings  of  civilization,  science,  and  Chris- 
gle  moment,  at  the  rate  of  sixty-eight  thou-  tianity  conveyed  to  that  region  of  the  earth, 
sand  miles  every  hour,  so  that  there  is  no  On  a  knowledge  of  the  true  figure  of  the 
view   we   can     take    of    the    works    of    the  earth  the  art  of  navigation  depends :  and  in 
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cronsequence  of  this,  the  greater  part  of  the 
world  has  been  explored,  and  the  way  prepared 
for  carryiDg  the  tidings  of  salvation  to  men  of 
all  nations,  through  faith  in  the  crucified 
Redeemer.     On    the   knowledge   of  the   true 


SECTio]>r  II. 
0)1  the  Motions  of  the  Earth. 
It  is  presumed   that,  in   the  times  in  which 


figure  of  the  earth  depends  our  knowledge  we  live,  there  are  few  persons  who  have  any 
of  its  magnitude  and  dimensions ;  and  on  doubts  that  the  world  in  which  we  dwell  is 
our  knowledge  of  its  magnitude  depends  our  nearly  of  the  figure  of  a  globe,  especially  when 
knowledge  of  the  distances  of  the  sun  and  this  position  can  be  proved  by , so  many  sen- 
moon;  and  on  our  knowledge  of  the  distance  sible  demonstrations.  But  there  are  still 
of  the^  sun  depends  our  knowledge  of  the  many  who  can  scarcely  be  convinced  that  it  is 
respective  distances  of  the  planets,  and  the  ex-  moving  along  with  immense  velocity  through 
tentofthesolar  system;  and  on  our  knowledge  the  regions  of  space,  in  company  with  the 
of  the  extent  of  this  system,  depend  our  concep-  other  planets.  On  this  subject,  therefore,  we 
tions  of  the  distances  of  the  fixed  stars,  and  of  shall  now  ofier  a  few  considerations,  tending 

the  vast  magnitude  and  extent  of  the  material   to  prove    that   the  world  we    inhabit how*^ 

creation;  and  on  our  views  of  the  immensity  ever  steadfast  it  may  appear  to  the  eye  of 
of  the  universe,  depend  the  enlarged  concep-  sense— is,  in  reality,  a  moving  body,  and  that 
tions  we  are  now  enabled  to  form  of  the  attri-  all  its  inhabitants  are  carried  forward  with  a 
butes  of  that  Almighty  Being  from  whom  we  velocity  far  greater  than  any  motions  we  see 
derived  our  existence,  and  whose  "kingdom  around  us.  There  are  two  "different  motions 
ruleth  over  all."  Had  the  first  link  of  this  considered  as  connected  with  the  earth  :— one, 
chain— our  knowledge  of  the  figure  of  the  by  which  it  is  viewed  as  turning  round  its 
earth— been  wanting,  we  should  have  remain-  axis  every  twenty-four  hours  :  and  another, 
ed  in  ignorance  of  all  the  important  conse-  by  which  it  wings  its  flight  round  the  sun 
quences,  now  stated,  which  have  resulted  from  once  every  year.  In  the  mean  time,  I  shall 
this  discovery— so  intimately  connected  are  chiefly  illustrate  those  arguments  by  which 
all  the  branches  of  useful  knowledge,  both  its  diurnal  motion  may  be  demonstrated. 
human  and  Divine.  1.   In   the  first  place,  there  is  one  thing  of 

Had  mankind  always  remained  ignorant  of  which  we  are  all  certain,  that  motion  does 
this  important  fact,  the  circumnavigation  of  actually  exist,  either  in  the  earth,  or  in  the 
the  globe  would  never  have  been  attempted  ;  heavens.  We  every  day  behold  the  sun  ap- 
vast  portions  of  the  habitable  world  would  parently  moving  from  the -eastern  towards  the 
have  remained  unknown  and  unexplbred  ;  the  western  horizon.  We  find,  likewise,  all  the 
intercourses  which  now  subsist  among  the  stars  in  the  firmament  apparently  moving  in  a 
various  tribes  and  nations  of  mankind  could  body  round  the  earth,  in  the  course  of  twenty- 
not  have  been  carried  on  ;  the  tribes  of  the  four  hours,  and  in  the  manner  described  in 
greater  portion  of  the  heathen  world,  and  the  the  preceding  pages.  Such  observations,  which 
countries  in  which  they  reside,  would  have  every  one  has  it  in  his  power  to  make,  clear- 
been  unknown  ;  no  extensive-  missionary  ly  show,  that  there  is  motion  somewhere,  and 
enterprises  could  have  been  carried  forward  ;  the  question  is— Does  this  apparent  motion 
the  knowledge  of  "  the  salvation  of  God"  really  exist  in  the  heavens,  or  is  it  the  motion 
could  not  have  been  communicated  to  all  the  of  the  earth  that  produces  this  appearance? 
nations  that  dwell  upon  the  face  of  the  earth.  Let  us  suppose,  for  a  moment,  that  it  is  the 
according  to  the  predictions  of  ancient  pro-  earth  which  moves.  What  then,  will  be  the 
phecy;  and  our  ideas  of  the  majesty  and  rate  of  its  mdtion,  in  turning  round  its  axis,  to 
grandeur  of  the  great  Creator  and  Redeemer  produce  the  apparent  revolution  of  the  hea- 
of  men  would  have  remained  as  low  and  yens?  For  if  the  earth  really  move  round  its 
contracted  as  in  the  dark  ages,  when  it  was  axis  from  west  to  east,  the  heavens  will,  of 
considered,  even  by  ecclesiastics,  as  a  heresy  -course,  appear  to  revolve  around  us  from  east 
a:nd  a  crime  to  maintain  that  the  earth  is  round  to  west.  The  rate  of  this  motion  will  depend 
like  a  globe,  or  ball,  and  that  it  may  be  in-  upon  the  magnitude  of  the  earth.  Now,  we 
habited  on  all  sides.  But  now,  in  consequence  know  that  the  earth  is  a  globe,  somewhat 
of  the  knowledge  we  have  acquired  on  this  more  than  24,000  miles  in  circumference; 
subject,  the  way  is  prepared  for  the  accomplish-  and,  consequently,  in  turning  round  every 
ment  of  the  Divine  purposes  and  predictions  twenty -four  hours,  some  portions  of  its  surflice 
in  relation  to  our  race  ;  our  knowledge  of  must  move  at  least  a  thousand  miles  every 
creation,  and  the  perfections  of  its  Author,  is  hour.  This  is  a  motion  far  more  rai)id.  than' 
extended  ;^  the  path  to  future  improvement  and  has  ever  been  produced  in  the  smallest  bodies 
discovery  is  laid  open;  and  every  thing  now  by  human  art;  and,  therefore,  it  may  appear 
appears,  notwithstanding  many  obstacles,  to  be  incredible  to  some  that  such  a  motion  can 
hastening  onward  to  a  glorious  consummation,  exist  in  such  a  globe  of  such  vast  dimensions 
(936) 
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as  the  earth.  But,  if  such  persons  deny  that 
the  earth  thus  moves,  then  they  must  admit 
that  the  heavens  move.  There  is  no  alterna- 
tive ;  for  motion  actually  exists,  either  in  the 
one  or  in  the  other.  Now  if  the  motion  is  to  be 
considered  as  existing  in  the  heavens,  let  us 
consider  what  the  rate  of  this  motion  must 
necessarily  be.  If  a  small  globe,  of  eighteen 
inches  diameter,  were  supposed  to  perform 
a  revolution  round  its  axis  in  two  seconds, 
and  a  globe  of  2000  yards,  "or  72,000  inches 
in  diameter,  to  finish  a  rotation  in  the  same 
time,  this  larger  globe  would  move  with  a 
velocity  four  thousand  times  greater  than  the 
other.  In  fig.  5,  if  A  B,  in  the  centre,  re- 
present the  earth,  then,  if  the  circle  C  E  re- 
volve round  it  in  a  certain  time,  and  the  other 
two  circles  revolve  around  it  in  the  same  time, 
it  is  evident  that  the  circle  F  H  must  revolve 
with  a  quicker  motion  than  the  circle  C  E,  and 
(he  circle  I  L  with  a  still  greater  velocity  in 
proportion  to  its  greater  distance  from  the 
centre  of  motion,  A  B. 

Let,  us  consider,  then,  what  would  be  the 
rate  of  motion  of  some  of  the  bodies  in  the' 
heavens,  whose  distance  from  the  earth  is 
known.  The  sun  is  ascertained  to  be  ninety- 
five  millions  of  miles  distant  from  the  earth, 
and,  consequently,  were  he  to  move  round  the 
earth  every  day,  as  he  appears  to  do,  he  would 

Fig.  5. 


move  along  a  circumference  of  597  millions* 
of  miles    every  day  ;  that  is,  at  the  rate  of 

*  If  the  circle  C  D  E  represent  the  circle  which 
the  sun  apparently  describes  in  rfvoiving  round 
the  earth,  P  C,  its  distance  fforn  the  centre  of  the 
earlh,  represent  95,000,000  of  miles,  and  the  diam- 
eter of  the  circle  C  E  190,000,000  ;  and,  as  the  pro- 
portion of  the  diameter  of  a  circle  to  its  circum- 
ference is  nearly  as  7  to  22,  the  circumference  of 
the  sun's  circle,  C  D  E,  will  b,e  about  597,000,000 
of  miles.,  through  which  he  behoved  to  travel  every 
day,  if  the  earth  were  at  rest. 
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above  twenty-four  millions  of  miles  in  an  hour, 
414,000  miles  in  a  minute,  and  6900  miles 
every  second.  Again,  the  planet  Uranus,  at 
its  nearest  distance  from  the  earth,  is  more 
than  1700  millions  of  miles  distant ;  and  con- 
sequently the  circumference  of  its  orbit  is 
more  than  ten  thousand  six  hundred  millions 
of  miles.  If,  therefore,  this  planet  were  sup- 
posed to  move  round  the  earth  every  day,  its 
motions  would  be  at  the  rate  of  445  millions 
of  miles  in  an  hour, — seven  millions  four  hun- 
dred and  twenty  thousand  miles  in  a  mmute, 
— and  one  hundred  and  twenty-three  thousand 
six  hundred  and  seventy-seven  miles  every  sec- 
ond. Again,  the  nearest  fixed  stars  are  known 
not  to  be  within  20,000,000,000,000,  or  twenty 
billions  of  miles  from  the  earth ;  and  consequent- 
ly their  daily  circuit  round  our  globe  would 
measure  more  than  125,000,000,000,000,  or 
one  hundred  and  twenty-five  billions  of  miles; 
that  is,  at  the  rate  of  fourteen  hundred  mil- 
lions of  miles  in  the  space  of  a  single  second, 
or  the  interval  of  time  which  the  pendulum  of 
a  common  clock  takes  in  moving  from  one  side 
to  the  other  !  Stars,  at  distances  a  hundred 
times  greater — of  which  there  are  many  such 
in  our  firmament — would  move  with  a  rapidi- 
ty a  hundred  times  swifter;  and  those  still 
farther  removed  from  us  in  the  depths  of  im- 
mensity, with  a  velocity  far  exceeding  either 
human  or  angelic  comprehension.  Yet  all 
the  stars  of  heaven  appear  to  move  round  our 
globe  every  twenty-four  hours.  If  the  circle 
C  D  E  (fig.  5)  represent  the  supposed  diurnal 
orbit  of  the  sun  ;  F  G  H  that  of  Uranus  ; 
and  I  K  L  M  that  of  some  of  the  fixed  stars  ; 
then  it  is  evident,  that  in  proportion  to  the  dis- 
tance of  the  body  from  the  earth  will  be  the 
velocity  of  its  motion,  if  it  be  supposed  to 
move  round  the  earth  every  day. 

If,  therefore,  there  be  any  reader  disposed  to 
reject  the  motion  of  the  earth,  because  it  ap-^ 
pears  incomprehensible,  he  must  necessarily 
admit  of  motions  ten  hundred  thousand  times 
greater,  and  fur  more  incomprehensible, — 
more  especially  when  we  consider  that  the 
bodies  in  the  heavens  to  which  we  have  allud- 
ed are  incomparably  greater  than  this  globe  of 
earth  on  which  we  stand, — the  planet  Uranus 
being  more,  than  eighty  times,  and  the  sun 
more  than  thirteen  hundred  thousand  times 
larger  than  the  earth,  and  the  fixed  stars,  at 
an  average,  as  large  as  the  sun.  Such  a  rate 
of  motion,  in  such  a  number  of  magnificent 
luminaries,  appears  altogether  overwhelming, 
and,  I  may  add,  altogether  incredible. 

The  question  then  which  we  have  to  de- 
cide is,  which  of  the  motions  to  which  we 
have  referred  is  most  probable—  the  motions 
of  the  earth,  or  of  the  heavens  ?  Is  it  really 
necessary  that  the  whole  universe,  composed 
of  sun,  moon,  planets,  comets,  stars,  and 
4  K  (937) 
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nebulas,  should  move  round  our  globe  with 
such  astonishing  velocities,  in  order  to  pro- 
duce the  alternate  succession  of  day  and  night  ] 
Reason  tells  us  that  it  is  not.  We  know 
that  the  Almighty  does  nothing  in  vain,  but 
employs  the  most  simple  means,  in  order  to 
accomplish  the  most  astonishing  and  import- 
ant ends.  The  succession  of  day  and  night 
can  be  accomplished  by  a  simple  rotation  of 
the  earth  on  its  axis,  which  will  completely 
account  for  all  the  apparent  diurnal  revolu- 
tions of  the  celestial  bodies.  This  we  find  to 
be  actually  the  case  with  the  other  planets  of 
the  solar  system.  The  planet  Jupiter  is  four- 
teen hundred  times  larger  than  the  earth,  and 
moves  round  its  axis  in  less  than  ten  hours,  at 
the  rate  of  28,000  miles  an  hour,  which  is  a 
velocity  twenty-eight  times  greater  than  that 
of  the  earth,  supposing  it  to  move  round  its 
axis.  The  planet  Saturn  is  nearly  a  thousand 
times  larger  than  our  globe,  and  it  revolves 
round  its  axis  in  ten  hours  and  a  half,  at  the 
rate  of  24,000  miles  an  hour,  in  those  places 
situate  near  its  equator.  To  a  spectator  placed 
on  these  planets,  the  heavens  would  appear 
to  revolve  around  him  every  ten  hoars,  as  they 
appear  to  us  to  revolve  every  twenty-four 
hours,  but  with  an  apparently  more  rapid 
motion ;  while  he  himself  might  suppose,  as 
we  are  apt  to  do,  that  he  is  actually  at  rest. 
The  earth  therefore,  must  be  considered  as  re- 
volving round  its  axis,  in  accordance  with  the 
arrangements  of  the  other  planets  of  the  sys- 
tem to  which  it  belongs;  and  to  suppose  other- 
wise, would  be  in  opposition  to  all  the  laws 
which  govern  the  material  universe,  and  would 
distort  all  our  ideas  of  the  harmony  and  order 
of  the  works  of  the  Creator. 

2.  Another  consideration  which  demon- 
strates the  diurnal  motion  of  the  earth  is  this  : 
that  such  a  rate  of  motion  in  the  heavenly 
bodies,  as  has  now  been  stated,  though  it  might 
be  within  the  limits  of  Divine  power  to' effect, 
would  soon  shatter  the  material  universe  to 
atoms,  and  reduce  creation  to  a  chaos.  Were 
a  ball  of  soft  wood  to  be  projected  from  a  can- 
non at  the  rate  of  800  miles  per  hour,  in  a 
few  moments  it  would  be  reduced  to  splinters; 
and  hence  the  forage  and  other  light  substances 
projected  from  a  piece  of  ordnanceare  instant- 
ly torn  to  pieces.  What  then  might  be  sup- 
posed to  be  the  consequences,  were  a  body  im- 
pelled through  the  ethereal  regions  with  the 
velocity  of  a  hundred  thousand  millions  of 
miles  in  a  minute,  as  multitudes  of  the  stars 
behoved  to  be,  were  the  earth  at  rest  in  the 
centre  of  the  universe  ]  It  would  undoubted- 
ly reduce  to  atoms  the  most  compact  bodies  in 
creation,  although  they  were  composed  of  sub- 
stances harder  than  adamant. 

3.  Another  corroborative  argument  in  sup- 
port of  the  motion  of  the  earth  is  this,  that 
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there  is  no  instance  known  in  the  universe  of 
a  larger  body  revolving  around  a  smaller. 
We  do  not  find  such  planets  as  Jupiter  and 
Saturn  revolving  around  their  satellites,  oi 
moons  ;  but  all  those  satelHtes,  which  are  much 
smaller  than  these  planets,  perform  their  revo- 
lutions around  them,  as  the  centre  of  their 
motions.  The  earth  which  is  fifty  times  greater 
than  the  moon,  does  not  revolve  around  her, 
but  that  nocturnal  luminary  regularly  revolves 
around  the  earth.  The  sun  does  not  revolve 
round  the  planets  Mercury  and  Venus — • 
which  are  thousands  of  times  less  than  that 
luminary — but  they  invariably  revolve  around 
him  as  the  centre  of  light  and  influence.  As 
the  sun  is  one  miUion  three  hundred  thou- 
sand times  larger  than  the  earth,  it  cannot, 
therefore,  be  supposed  for  a  moment,  that 
such  an  enormous  globe  should  revolve,  with 
such  an  inconceivably  rapid  motion,  around 
so  inconsiderable  a  ball  as  the  earth ;  and 
much  less  that  the  whole  universe  should  re- 
volve around  it  every  day.  Were  the  earth 
not  revolving  round  its  axis  every  day,  there 
would  be  an  infraction  of  all  the  laws  which 
govern  the  system  of  universal  nature;  and 
therefore  it  is  absolutely  necessary  to  admit 
its  motion,  In  order  to  direct  our  views,  and  to 
produce  conviction  of  the  unity  of  design, 
and  of  the  harmony  of  creation. 

4.  The  last  argument  I  shall  mention  in  the 
mean  time,  and  which  I  consider  as  demon- 
strative on  this  subject,  is  this — that  if  the 
earth  were  at  rest,  and  all  the  heavenly  bodies 
revolving  around  it  with  dreadfully  rapid  mo- 
tions, it  would  confound  all  our  ideas  of  the 
wisdom  and  intelligence  of  the  Deity.  Wis- 
dom is  that  perfection  of  an  intelligent  agent, 
which  enables  him  to  proportionate  one  thing 
to  another,  and  to  devise  the  most  appropriate 
means  to  accomplish  important  ends.  We 
should  reckon  that  person  foolish  in  the  ex- 
treme who  should  construct,  at  an  enormous 
expense,  a  huge  piece  of  machinery  for  car- 
rying round  a  grate,  and  the  body  of  a  large 
building  to  which  it  is  attached,  for  the  pur- 
pose of  roasting  a  small  fowl,  fixed  in  the 
centre  of  its  motions  ;  instead  of  making  the 
fowl  turn  round  its  different  sides  to  the  fire. 
Were  the  inhabitants  of  London,  or  any  large 
town,  to  attempt  to  construct  machinery  to 
make  the  whole  city  move  round  in  a  circle, 
carrying  a  lamp  near  the  centre  to  throw  light 
and  heat  over  a  ball  of  only  one  inch  in  dia- 
meter, when  the  same  purpose  could  have 
been  easily  effected  by  making  the  ball  itself 
turn  round  its  axis ;  we  should  not  hesitate  a 
moment  in  pronouncing  such  a  scheme  as  a 
display  of  consummate  folly.  But  none  of 
these  schemes  would  be  half  so  preposterous 
as  to  suppose  the  vast  universe  to  move  round 
so  inconsiderable  a  globe  as  the  earth,  to  pre- 
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(luce  the  alternate  succession  of  day  and 
night,  when  the  same  object  can  be  effected 
by  the  earth's  simply  revolving  around  its 
axis.  Such  a  device,  therefore,  cannot  form 
any  part  of  the  arrangements  of  Infinite  Wis- 
dom. Can  we  suppose  for  a  moment,  that 
what  would  be  considered  as  the  consumma- 
tion of  folly  in  mankind,  is  characteristic  of 
the  plans  and  operations  of  the  Divinity,  or 
that  the  great  Source  of  eternal  wisdom  is  to 
be  levelled  below  the  most  foolish  of  men  ] 
Such  a  thought  never  can  be  admitted  by  any 
of  his  inteUigent  offspring,  in  relation  to  Him 
who  is  designated  "  the  only  wise  God," 
who  "is  wonderful  in  counsel,  and  excellent 
in  working,"  and  "  who  hath  established  the 
world  by  his  wisdom,  and  stretched  out  the 
heaven  by  his  understanding."  If  it  could  be 
proved  that  the  earth  is  at  rest,  and  the  whole 
universe  in  motion  around  it,  I  should  scarcely 
admit  that  the  world  was  framed  by  that  all- 
wise  Being  whose  character  is  delineated  in 
the  sacred  Scriptures,  whose  wisdom  as  far 
transcends  that  of  man  as  the  heavens  are 
high  above  the  earth. 

I  have  been  somewhat  particular  in  exhi- 
biting the  arguments  which  prove  that  the 
earth  is  a  moving  body,  because,  in  some 
minds,  there  is  a  great  hesitation  in  admitting 
this  fact,  and  in  others,  a  disposition  to  receive 
it  merely  on  the  testimony  of  other  men,  with- 
out understanding  the  foundation  on  which  it 
rests ;  and  because  right  views  and  concep- 
t-ions of  such  facts  lead  to  right  conceptions  of 
the  operations  and  the  attributes  of  that  al- 
mighty Being  whom  we  profess  to  adore.  I 
shall  take  an  opportunity  of  stating  the  argu- 
ments which  prove  the  annual  motion  of  the 
globe  round  the  sun,  when  we  come  to  de- 
scribe the  earth  considered  as  a  planet. 


SECTIOIi  IIL 

Reflections  suggested  hy  the  Motions  of  the 
Earth  and  Heavens. 

We  have  now  endeavoured  to  prove  to  the 
intelligent  reader,  that  the  world  in  which  we 
dwell,  with  all  its  continents,  islands,  oceans, 
and  its  numerous  population,  is  continually 
revolving  around  its  axis  to  bring  about  the 
returns  of  day  and  night.  It  is  also  flying 
with  a  still  greater  velocity  around  the  sun, 
to  produce  the  various  changes  of  the  seasons. 
What  an  august  and  sublime  idea  does  this 
suggest  for  our  occasional  contemplation ! 
While  we  are  apt  to  imagine  we  are  sitting 
in  absolute  rest  in  our  apartments,  we  are  in 
reality  whirling  round  towards  the  east  at  the 


rate  of  hundreds  of  miles  an  hour  ,  and  are, 
at  the  same  time,  carried  through  the  regions 
of  space  with  a  velocity  of  sixty-eight  thou- 
sand miles  every  hour ;  so  that  during  every 
moment,  or  every  pulse  that  beats  within  us, 
we  are  carried  nearly  twenty  miles  from  that 
portion  of  space  we  occupied  before.  When 
we  lie  down  to  sleep  in  the  evening,  we  are 
seldom  aware  that,  during  our  seven  hours' 
repose,  we  have  been  carried  along  through 
the  space  of  four  hundred  and  seventy  thou- 
sand miles !  When,  amidst  the  gloom  of 
winter,  we  look  forward  to  the  cheering  scenes 
of  spring,  we  must  be  carried  forward  more 
than  a  hundred  millions  of  miles,  before  we  can 
enjoy  the  pleasures  of  that  season  ;  and  when 
spring  arrives,  we  must  be  carried  through 
the  voids  of  space,  hundreds  of  millions  more, 
before  we  can  enjoy  the  fruits  of  harvest. 
During  every  breath  we  draw^,  and  every  word 
we  speak,  we  are  carried  forward  in  our 
course  thirty,  forty,  or  fifty  miles,  unconscious 
of  the  rapidity  of  our  flight;  but  the  motion 
is  not  the  less  real,  because  we  do  not  feel  it. 
What  should  we  think  if  wc  beheld  one  of  the 
largest  mountains  in  Scotland  flying  through 
the  atmosphere,  across  the  island  of  Great 
Britain,  with  a  velocity  which  would  carry  it 
from  John-o'-Groats  to  the  Land's  End,  a  dis- 
tance of  seven  hundred  miles,  in  seven 
minutes  ]  It  would,  doubtless,  excite  univer- 
sal wonder  and  astonishment.  But  this  is 
not  one-tenth  part  of  the  velocity  with  which 
the  great  globe  of  the  earth,  and  all  that  it 
contains,  flies  through  the  boundless  regions 
of  space.  Were  we  placed  on  a  fixed  point, 
a  thousand  miles  distant  from  the  earth,  and 
behold  this  mighty  globe,  with  all  its  magni- 
ficent scenery  and  population,  thus  winging 
its  flight  around  the  sun,  and  carrying  the 
moon  along  with  it  in  its  rapid  career,  such  a 
spectacle  would  overwhelm  us  with  astonish- 
ment inexpressible,  and  even  with  emotions 
of  terror,  and  would  present  to  view  a  scene 
of  sublimity  and  grandeur  beyond  the  reach 
of  our  present  conceptions.  To  angels,  and 
other  superior  intelligences,  when  winging 
their  flight  from  heaven  to  earth,  and  through 
distant  worlds,  such  august  scenes  may  be 
frequently  presented. 

Although  the  heavens  do  not  in  reahty  move 
round  the  earth,  as  they  appear  to  do,  yet 
there  are  thousands  of  globes  in  the  celestial 
regions  whose  real  motions  are  more  swift  and 
astonishmg  than  even  those  to  which  we  have 
now  referred.  The  planet  Venus  moves  in 
its  orbit  with  a  velocity  of  eighty  thousand 
miles  an  hour;  Mercury  at  the  rate  of  one 
hundred  and  nine  thousand  miles  an  hour; 
and  the  planet  Jupiter,  which  is  one  thousand 
four  hundred  times  larger  than  the  earth,  at 
the  rate  of  nearly  thirty  thousand  miles  an 
(939) 
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hour,  carrying  along  with  it  in  its  course, 
four  globes,  each  larger  than  our  moon. 
Some  of  the  comets  have  been  found  to  move 
more  than  eight  hundred  thousand  miles  in 
the  space  of  an  hour ;  and  some  of  the  fixed 
stars,  though  apparently  at  rest,  are  moving 
with"  a  velocity  of  many  thousands  of  miles 
an  hour.  In  short,  we  have  every  reason  to 
believe  that  there  is  not  a  globe  in  the  uni- 
verse, nor  a  portion  of  matter  throughout 
creation,  but  is  in  rapid  and  perpetual  motion 
through  the  spaces  of  infinity,  supported  by 
the  arm  of  Omnipotence,  and  fulfilling  the 
designs  for  which  it  was  created. 

If  we  inquire  into  the  original  cause  of 
these  motions,  we  shall  find  that  no  other 
can  be  assigned  but  the  fiat  and  the  power  of 
that  omnipotent  Being  who  at  first  said,  "  Let 
the  universe  appear,"  and  it  started  into  being. 
As  matter  did  not  make  itself,  so  neither  can 
it  move  Itself;  its  motion  must  commence, 
and  can  only  be  continued  every  moment,  by 
the  power  of  that  almighty  Being  who  brought 
it  into  existence.  He  alone  who  existed  from 
eternity,  whose  power  is  uncontrollable,  and 
whose  wisdom  is  unsearchable,  is  the  original 
Source  of  all  motion,  as  he  is  the  source  of 
all  life  and  animation.  By  his  omnipotent 
arm  the  planets  were  at  first  launched  into 
existence,  and  impelled  in  their  swift  career, 
and  the  motion  at  first  communicated,  is  every 
moment  continued  by  the  incessant  agency 
of  the  same  Almighty  Power.  Were  that 
power  to  withdraw  his  energy,  or  the  sub- 
ordinate means  by  which  it  is  appointed  to  be 
continued,  the  universe  would  soon  run  into 
confusion,  and  creation  be  transformed  into  a 
chaos.  But  God,  who  "stretched  out  the 
heavens,  and  laid  the  foundations  of  the 
earth,"  hath  appointed  them  a  decree  which 
they  cannot  pass,  and  they  continue  to  this 
day,  according  to  his  ordinances,  for  all  are 
his  servants.     Psalm  cxix.  91. 

What  a  scene  of  wonders  is  presented  to 
view  when  we  contemplate  the  motions  in- 
cessantly going  forward  throughout  creation  ! 
— that  thousands  of  globes,  much  larger  than 
our  world,  are  winging  their  flight  with  unre- 
mitting speed,  through  the  regions  of  immen- 
sity, at  a  rate  which  overwhelms  the  human 
imagination !  What  an  astonishing  idea 
does  this  convey  of  the  energies  of  the  Eternal 
Divinity,  who  at  first  launched  this  earth  and 
all  the  planetary  globes  from  his  powerful 
hand  !  He  only  "  spake,  and  it  was  done  ;" 
and  for  thousands  of  years  such  motions  have 
been  continued  without  intermission!  Well 
may  we  exclaim,  with  the  inspired  writers, 
''  Who  can  by  searching  find  out  God  ?" — • 
<  ^/^ho  can  utter  the  mighty  acts  of  the 
Lord  1  who  can  show  forth  all  his  praise  1" 
here  are  certain  practical  instructions 
(940) 


which  may  be  deduced  from  this  subject. 
The  power  of  God,  as  displayed  in  the  mo- 
tions of  the  earth  and  heavens,  teaches  us 
that  nothing  can  be  too  hard  for  Jehovah,  and 
that  all  the  declarations  of  his  word,  however 
wonderful  and  inexplicable  to  mortals,  shall 
in  due  time,  receive  their  full  accomplishment. 
We  are  assured  by  the  declaration  of  the 
sacred  oracles,  that  a  period  is  approaching 
when  all  the  millions  of  the  human  race, 
whose  bodies  are  now  putrefying  in  the  grave, 
and  all  the  succeeding  generations  of  men 
till  the  close  of  time,  shall  be  reanimated  from 
the  tomb,  and  arrayed  in  more  glorious  forms 
than  they  now  wear.  We  are  also  assured 
that  this  globe,  on  which  we  now  reside,  is 
destined  to  undergo  an  important  and  univer- 
sal change,  when  its  elementary  parts  "shall 
melt  with  fervent  heat,"  and  "  the  earth  also, 
and  the  works  that  are  therein  shall  be  burn- 
ed up,"  as  to  their  present  constitution  and 
aspect,  and  that  a  new  arrangement  will  take 
place,  in  reference  to  the  habitation  to  be 
allotted  to  the  righteous.  We  perceive  no 
symptoms  of  such  changes  at  present ;  we 
have  never  seen  any  of  the  dead  rise  to  life, 
after  their  bodies  had  mingled  with  the  dust, 
and  the  ashes  of  some  of  them  been  scattered 
by  the  winds  over  different  regions  of  the  sea 
and  land;  and  therefore  doubts  are  apt  to 
arise  in  the  mind  whether  such  wonderful 
transformations  are  possible  to  be  eifected. 
But  all  such  doubts  are  at  once  dispelled, 
when  we  consider  the  perfections  of  Jehovah 
as  displayed  in  the  structure,  and  particularly 
in  the  movements  of  the  universe,  which 
afford  us  a  sensible  demonstration,  that  no- 
thing, however  inexplicable  to  us,  can  be  be- 
yond the  range  of  Omnipotence..  Therefore, 
we  may  rest  assured  that,  when  the  time  ap- 
pointed in  the  decree  of  Heaven  arrives,  that 
power  which  carries  the  earth  and  all  the 
celestial  orbs  in  their  rapid  motions  through 
the  sky,  shall  be  exerted  in  reanimating  all 
the  generations  of  mankind  now  sleeping  in 
the  tomb;  in  producing  a  most  wonderful 
change  in  the  aspect  of  this  terraqueous 
globe;  and  in  causing  "  new  heavens  and  a 
new  earth"  to  arise,  wherein  righteousness 
shall  dwell  for  ever.  For  that  power  which 
carries  thousands  of  vast  globes  through  the 
regions  of  immensity,  with  velocities  of  a 
hundred  thousand  miles  in  the  short"  space 
of  an  hour,  must  be  more  than  adequate  to 
accomplish  all  the  glorious  scenes  and  trans- 
formations predicted  in  the  records  of  the 
Christian  revelation.  The  Christian  may 
therefore  rely  with  unshaken  confidence  on 
all  the  "  great  and  precious  promises"  con- 
tained in  the  Scriptures  of  truth,  which  are 
given  forth  by  Him  whose  faithfulness  is 
established   in  the    very  heavens,   and   who 
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"  keepeth  covenant  and  mercy  with  them  that 
love  him  and  keep  his  commandments  to  a 
thousand  generations,"  and  therefore  cannot 
fail  of  ultimately  receiving  their  full  accom- 
plishment. Well,  therefore,  may  the  believer 
in  Christ  exclaim — 


"If  my  immortal  Saviour  lives, 
Then  my  immortal  life  is  surei 


His  word  a  firm  foundation  gives; 
Here  Jet  me  build  and  rest  secure. 

'*Here  let  my  faith  unshaken  dwell; 
Immovable  the  promise  stands; 
Nor  all  the  powers  of  earth  and  hell 
Can  e'er  dissolve  the  sacred  bands. 

'  Here,  O  my  soul,  thy  trust  repose  I 

If  Jesus  is  for  ever  mine 
Not  death  itself,  that  last  of  foes, 
Shall  break  a  union  so  Divine.'* 


CHAPTER  HI. 


Bescripiion  of  the  Sun—  Of  the  Inferior  Pla?iets — And  of  the  Earth  and  Moon 

Wii'Ei^  we  take  a  particular  survey  of  the  Pallas,  and  Uranus.  By  a  careful  mvestiga- 
starry  heavens,  we  find  that  the  stars,  in  tion  of  the  motions  and  other  phenomena  of 
general,  never  shift  their  positions  from  each  these  bodies,  astronomers  have  ascertained  that 
other.  They  appear  to  move  round  us  in  one  they  all  move  round  the  sun  as  the  centre  of 
compact  body,  as  the  figures  of  the  constella-  their  motions ;  and,  along  with  the  earth,  and 
tions  do  on  a  celestial  globe,  when  it  is  turned  nineteen  smaller  globes,  form  one  grand  and 
round  its  axis;  but  the  stars  belonging  to  one  harmonious  system,  with  which  we  who  live 
constellation  never  move  towards  those  of  an-  on  the  terraqueous  globe  are  intimately  con- 
other,  nor  change  their  distances  from  each  nected.  The  central  orb  which  enlightens 
other.  If  we  direct  our  attention  to  the  stars  these  moving  bodies,  and  by  its  influence  pre- 
of  the  Great  Bear,  for  example,  (see  fig.  1,)  setves  them  in  harmony  and  order,  is  the 
we  shall  find  that,  at  all  hours  of  the  day  and  same  sun  that  enlightens  our  day,  and  diffuses 
night,  and  at  every  season  of  the  year,  they  life  and  animation  among  all  the  animal  and 
present  the  same  definite  figure,  and  the  same  vegetable  productions  of  our  globe.  These 
relative  position  to  each  other,  without  any  bodies,  although  they  sometimes  appear  in  dif- 
sensible  variation  of  distance  or  magnitude ;  ferent  and  even  opposite  regions  of  the  hea- 
and  the  same  may  be  observed  from  one  year  vens,  occupy  but  a  very  small  space,  as  to  the 
to  another.  Hence,  they  are  usually  deno-  range  of  their  motions,  compared  with  that 
minated  "  the  fixed  stars."  But  when  we  which  is  occupied  by  the  fixed  stars.  The 
observe  the  heavens  with  still  more  accuracy  whole  assemblage  of  these  moving  orbs,  in- 
and  minuteness,  we  shall  occasionally  perceive  eluding  the  earth,  is  what  is  generally  denom- 
a  few  bodies,  having  the  appearance  of  stars,  inated  The  Solar  System,  of  which  we  shall 
which,  when  carefully  watched,  for  a  few  now  proceed  to  give  a  general  description,  be- 
weeks  or  months,  will  be  found  shifting  their  ginning  at  the  centre  of  the  system,  and  pro- 
positions with  respect  to  the  surrounding  ceeding  to  the  different  planets  as  they  lie  in 
stars.  In  most  cases,  their  motion  is  towards  order, 
the  east,   but  not  unfrequently  towards  the 

west,  and,  at  certain  times,  no  motion  can  be  — 

observed  for  a  considerable  number  of  days. 

The    bodies   which    are    thus    perceived    to  Section"  L 

change  their  positions  among  the   stars  are 

called  PLASTETs  ;  which  word  signifies  "  wan-  The  Sun. 

dering  stars." 

There  are  ten  orbs  of  this  description  which  The  sun  is  the  grand  centre  and  the  ani- 

have  been  traced  in  the  heavens,  and  whose  mating    principle    of  the   planetary    system, 

motions   have    been    accurately    ascertained,  around  which  all  the  planets    revolve,  at  dif- 

Only  five  of  these  bodies  are  visible  to  the  ferent  distances,  and  in  different  periods  of 

naked  eye  :  the  other  five  can  be  seen   only  time ;  and  by  whose  attracting  influence  they 

with  telescopes.     The  five  planets  visible  to  are  retained  in  their  respective  orbits.     From 

the  unassisted  eye  were  known  to  the  ancients,  this  source  they  all  derive  light  and  heat,  and 

who  gave  them  the  following  names,  derived  all  the  other  influences  requisite  to  fit  them  for 

from  the  heathen  mythology ;  namely,  Mer-  being  habitable  worlds. 

cury,  Venus,  Mars,  Jupiter,  and  Saturn.    The  Among  all  the  objects  of  the  visible  creation, 

other  five  were  discovered  by  means   of  the  there  is  none  whose  beauty  is  so  much  admir- 

telescope,  within  the  space  of  the  last  seventy  ed,  and  whose  benign  influence  is  so  generally 

years.     They  are  named  Vesta,  Juno,  Ceres,  appreciated,  as  the  sun.  Every  day  this  glorious 

4k2  (941) 
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orb  visits  ns  with  its  cheering  beams,  dispels 
the  shades  of  night,  and  diffuses  joy  and  ani- 
mation among  all  the  tribes  of  sensitive  ex- 
istence ;  without  whose  powerful  energy,  our 
world  would  soon  become  a  dark  and  shape- 
less chaos,  without  life,  order,  or  enjoyment. 
But  the  splendour  of  this  luminary,  and  the 
benefits  it  confers,  are  so  common  and  so  reg- 
ularly continued,  that  we  are  apt  to  view  them 
with  indifference  ;  and  we  seldom  contemplate, 
with  the  eye  of  an  enlightened  understanding, 
the  wonderful  nature  of  that  globe  on  which 
surrounding  worlds  depend  for  all  the  com- 
forts and  beneficial  agencies  they  enjoy.  To 
the  vulgar  eye,  the  solar  orb  appears  only  like 
a  flat  luminous  circle  of  a  few  inches  diame- 
ter ;  and  there  are  thousands  of  mankind  who 
consider  it  in  no  other  light  than  as  a  briUiant 
lamp,  of  no  great  size,  hung  up  in  the  firma- 
ment to  give  us  lig^lit  by  day,  and  to  enable  us 
to  prosecute  our  daily  labours.  Even  minds 
of  a  more  elevated  and  reflecting  cast  have 
seldom  entered  into  all  the  sublime  ideas  con- 
nected with  the  nature  and  properties  of  this 
august  luminary  ;  and  it  is  questionable  whe- 
ther the  greatest  astronomer  now  existing  is 
capable  of  forming  a  conception  of  the  mag- 
nitude and  sublimity  of  the  solar  orb,  corres- 
ponding to  its  vast  extent  and  its  real  gran- 
deur, as  the  soul,  and  centre,  and  connecting 
principle  of  mighty  worlds. 

Of  the  magnitude  of  this  stupendous  globe 
arijthmetical  numbers  can  scarcely  convey  to 
us  an  adequate  idea;  but  we  may  in  the  first 
place,  state  its  dimensions  in  numbers.  Its 
diameter,  or  a  line  passing  through  its  cen- 
tre from  one  side  to  another,  is  found  to  be 
880,000  miles.  Its  circumference,  or  a  hne 
going  quite  round  it,  is  2,764,600  miles.  Its 
surface  contains  2,432,800,000,000  of  square 
miles ;  that  is,  more  than  twelve  thou- 
sand times  the  number  of  square  miles  on 
our  globe.  Its  solid  contents  comprehend 
356,818,739,200,000,000,  or  three  hundred 
and  fifty-six  thousand  billions  of  cubical  miles  ; 
that  is,  1 ,350,000  times  the  number  of  solid 
miles  which  the  terraqueous  globe  contains; 
so  that  were  one  million  three  hundred  and 
fifty  thousand  globes  as  large  as  the  earth  to 
be  compacted  into  one  globe,  it  would  only 
equal  the  size  of  the  sun  I  Some  of  these 
dimensions  may  be  somewhat  illustrated  as 
follows  :  Suppose  a  person  to  move  round  the 
sun's  circumference  at  the  rate  of  forty-five 
miles  every  day,  it  would  require  more  than 
one  hundred  and  sixty  years  bef.)re  the  circuit 
could  be  completed.  Suppose  one  were  to 
traverse  the  whole  of  this  luminary,  so  as  to 
pass  over  every  square  mile  on  its  surface,  at 
the  rate  of  sixty  miles  a  day,  it  would  require 
more  than  a  hundred  millions  of  years  before 
such  an  abject  could  be  accomplished.  It  is 
(912) 


stated  that  the  splendid  view  from  Mount  Etna 
comprehends  a  circle  two  hundred  and  forty 
miles  in  diameter,  containing  45,240  square 
miles.  Now  this  is  only  the  fifty-three  mil- 
lionth part  of  the  surface  of  the  sun;  so  that 
more  than  fifty-three  millions  of  landscapes, 
such  as  beheld  from  the  top  of  Etna,  must 
pass  before  us  ere  we  could  contemplate  a 
surface  as  extensive  as  that  of  the  sun.  Were 
we  to  suppose  every  such  landscape  to  occu- 
py two  hours  in  the  contemplation,  it  would 
require  twelve  thousand  two  hundred  and 
seventy-five  years— without  the  least  intermis- 
sion— or  more  than  double  the  time  which 
has  elapsed  since  the  Mosaic  creation,  before 
the  whole  surface  of  this  immense  globe  could 
be,  in  this  rapid  manner,  surveyed.  The  mag- 
nitude of  this  luminary  may  also  be  illustrat- 
ed from  the  following  comparison  :  The  earth 
contains  about  two  hundred  and  sixty-four 
thousand  millions  of  cubical  miles;  the  planet 
Jupiter  is  fourteen  hundred  times  larger  than 
the  earth  ;  Saturn  is  about  a  thousand  times  ; 
and  Uranus  about  eighty  times  larger  than 
the  earth :  yet  the  sun  is  found  to  be  more 
than  five  hundred  times  larger  than  those 
planets,  and  all  the  other  planets,  moons  and 
comets  of  the  solar  system  taken  together. 

If  it  he  asked' why  the  sun  appears  so  small 
to  our  eyes,  if  it  is  indeed  so  immense  a  globe, 
it  is  easily  answered,  that  this  is  owing  to  its 
immense  distance  from  our  world.  This  dis- 
tance is  no  less  than  ninety-five  millions  of 
miles, — a  distance  of  which  the  mind  can 
form  only  a  very  inadequate  conception.  It 
may  be  somewhat  illustrated,  however,  as  fol- 
lows: A  cannon  ball,  at  its  utmost  speed, 
when  it  leaves  the.  mouth  of  the  cannon,  is 
calculated  to  fly  at  the  rate  of  about  five  hun- 
dred miles  an  hour;  but  it  would  require  such 
a  moving  body — though  flying  continually 
with  this  velocity — twenty-one  years  and  two 
hundred  and  forty-five  days  before  it  could 
reach  the  sun.  This  may  be  further  illus- 
trated by  motions  with  which  we  are  more 
familiar.  Suppose  a  steam-carriage  to  set  out 
from  the  earth  in  the  direction  of  the  sun,  and 
to  move,  without  intermission,  at  the  rate  of 
four  hundred  and  eighty  miles  every  day,  it 
would  require  five  hundred  and  forty-seven 
years  before  it  could  traverse  the  space  which 
intervenes  between  us  and  that  distant  lumi- 
nary. How  wonderful,  then,  that  the  sun,  at 
such  a  distance,  should  exert  his  attractive 
power  upon  the  earth— fructify  the  soil — raise 
tides  in  the  ocean — and  diffuse  light,  and 
heat,  and  colour,  and  animation,  over  all  its 
regions  !  And  not  only  so,  but  even  on  the 
remotest  planet  of  the  system,  at  the  distance 
of  eighteen  hundred  millions  of  miles,  similar 
influences  are  produced  by  the  agency  of  this 
august  luminary  I 
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Are  we  startled  at  the  vast  distance  and  di- 
mensions of  the  colar  orb  which  we  have  now 
stated  'f  and  are  we  apt  to  doubt  whether  the 
representations  we  have  given  be  accordant 
with  fact  ?  We  ought  to  consider  that  He 
who  made  the  sun,  and  adorned  him  with  the 
splendour  he  exhibits,  is  "  The  Lord  God 
Omnipotent,''  the  extent  of  whose  power 
and  wisdom  none  can  comprehend  ;  and  that 
the  sun  required  to  be  of  such  a  magnitude 
to  give  stabiHty  to  the  system  of  which  he  is 
the  centre  ;  and,  according  to  the  laws  he 
hath  impressed  upon  the  material  world,  to 
retain  surrounding  worlds  in  the  paths  pre- 
scribed them,  and  to  dispense  to  them  all 
those  influences  which  they  require.  If  we 
are  astonished  at  the  magnitude  of  the  sun, 
how  must  our  admiration  be  raised  when  we 
consider  that  this  globe  is  only  one  out  of 
millions  of  similar  globes  which  exist  in  the 
universe!  For  every  star  that  adorns  our 
firmament  is,  on  good  grounds,  concluded  to 
be  a  sun,  no  less  spacious  and  luminous  than 
that  which  enlightens  our  day ;  and  has, 
doubtless,  a  retinue  of  planetary  globes  re- 
volving around  it,  as  the  centre  of  light  and 
influence. 

Nature  and  physical  constitution  of  the 
Sun, — Of  the  real  nature  of  this  luminary 
we  have  hitherto  acquired  but  very  imperfect 
conceptions.  But  since  tlie  invention  of  the 
telescope,  our  knowledge  o^  its  constitution 
has  been  somewhat  enlarged.  We  no  longer 
view  the  sun  as  a  ball  of  liquid  fire,  as  had 
sometimes  been  supposed,  but  as  a  solid  body, 
composed  of  different  materials,  in  which 
wonderful  processes  are  going  forward  on  an 
extensive  scale,  for  preparing  and  perpetuat- 
ing that  light  and  heat  which  are  destined  to 
cheer  and  illuminate  surrounding  worlds. 
When  the  sun  is  viewed  by  means  of  a  tele- 
scope, spots  of  various  kinds  are  perceived  upon 
its  surface.  These  spots  appear  first  on  its 
eastern  margin,  when  they  appear  narrow  and 
somewhat  obscure ;  they  move  gradually  on- 
ward to  the  centre  of  the  disk,  when  they 
appear  largest  and  most  distinct;  afterwards 
they  proceed  towards  the  western  limb,  where 
they  again  appear  narrow  and  obscure ;  and 
after  a  period  of  about  thirteen  days,  from 
their  first  appearance  on  the  eastern  edge, 
they  disappear  from  the  western  limb  ;  and, 
in  many  cases,  they  again  appear  on  the  east- 
ern limb,  after  the  same  period  of  thirteen 
days.  But  they  are  frequently  somewhat 
changed  in  their  aspect  before  they  reappear ; 
and,  in  numerous  instances,  after  disappearing 
from  the  ffun's  western  boundary,  they  are 
never  again  visible  in  the  same  shape  ;  but 
other  spots,  at  uncertain  intervals,  are  seen 
diversifying  the  solar  disk  ;  though  not  unfre- 
quently  scarcely  a  single   spot  is  to  be  seen 


over  the  whole  surface  of  the  sun.  The  spots 
appearing  narrower  and  less  distinct  on  the 
eastern  and  western  limbs,  is  owing  to  our 
viewing  obliquely  these  parts  of  the  sun's  sur- 
face. The  conclusions  to  be  deduced  from 
these  circumstances  are,  1st,  that  the  sun  is  a 
globe,  and  not  a  tlat  surface,  as  it  appears  to 
the  naked  eye,  otherwise  the  spots  would  ap- 
pear equally  large  and  distinct  on  every  part 
of  its  surface.  2d,  That  this  luminary 
moves  round  its  axis  in  the  same  direction  as 
the  rotation  of  the  planets ;  for  its  spots  do 
not  shift  their  places  on  its  disk,  but  are  car- 
ried along  with  the  whole  body  of  the  sun. 
The  time  of  the  apparent  revolution  of  these 
spots  is  27  days,  8  hours ;  but  the  real  period 
of  the  sun's  rotation  is  25  days,  9  hours,  56 
minutes ;  and  therefore,  the  places  about  the 
sun's  equator  move  at  the  rate  of  four  thou- 
sand five  hundred  and  thirty-two  miles  an 
hour.* 

The  solar  spots  are  of  all  sizes,  and  of 
different  shapes  :  their  size  is  from  ^Jq  to  t^'^j th 
of  the  sun's  diameter.  The  smallest  of  those 
spots  which  can  be  distinctly  seen,  are  nearly 
a  thousand  miles  in  diameter.  Spots  the  one- 
fiftieth  part  of  the  diameter  of  the  sun — which 
we  have  frequently  seen — are  17,600  miles  m 
diameter,  or  more  than  double  the  diameter 
of  the  earth ;  and  if  the  spot  be  considered 
only  as  a  plane,  and  somewhat  circular,  it  will 
contain  more  than  two  hundred  and  forty- 
three  thousand  square  miles,  which  is  con- 
siderably more  than  the  area  of  the  whole 
terraqueous  globe ;  and  yet  sometimes  a  spot 
of  this  vast  size  will  disappear  in  a  few  weeks, 
and  not  unfrequently  in  a  few  days.  Some- 
times not  a  single  spot  is  to  be  seen  on  the 
solar  disk  for  weeks  and  even  for  months 
together ;  and  at  other  times,  we  have  seen 
above  one  hundred  spots  of  all  sizes  dispersed 
over  the  face  of  the  sun  at  one  time.  In  such 
cases,  there  are  generally  five  or  six  large 
spots,  such  as  that  alluded  to  above,  accompa- 
nied with  ten,  fifteen,  or  twenty  smaller  spots  ; 
but,  after  disappearing  at  the  sun's  western 
limb,  it  is  seldom  that  they  come  round  again 
in  the  same  order  as  before.  Some  appear  to 
have  been  altogether  dissipated,  and  others  to 
have  changed  their  shape  and  relation  to 
surrounding  spots,  in  which  they  formerly 
appeared.  We  have  seen  spots  of  nearly 
2000  miles  in  diameter  vanish  in  the  course 
of  twenty-two  hours  :  and,  on  the  other  hand, 
on  a  late  occasion,  we  beheld  two  spots, 
each  of  them  larger  than  the  earth,  and  con- 
taining at  least  three    hundred    millions    of 

*  This  is  found  by  dividing  the  circumference 
of  the  sun  =9,764,600  miles,  by  the  number  of 
hours  in  which  the  rotation  is  performed,  namei> 
610  hours,  and  the  quotient  is  the  rate  of  motioa 
per  hour. 
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square  miles,  which  were  formed  near  the 
centre  of  the  solar  disk,  Avhere  no  trace  of 
them  was  seen  forty  hours  before  ;  which  cir- 
cumstances show  the  amazing  rapidity  with 
which  these  mighty  masses  are  formed,  and 
again  rendered  invisible  to  the  sight.  The 
portions  of  the  sun's  surface  where  the  spots 
most  frequently  appear,  are  those  which  lie 
adjacent  to  its  equatorial  regions ;  no  spots 
being  ever  seen  near  its  northern  or  southern 
poles.  In  some  years  these  spots  have  been 
very  numerous,  and  seldom  a  week  has  passed 
without  a  few  of  them  having  been  seen, 
while  in  other  years,  comparatively  few^  have 
been  visible. 

These  spots,  as  to  their  general  appearance, 
resemble  a  dark  nucleus,  surrounded  with  a 
penumbra,  or  belt  of  a  lighter  shade.  This 
penumbra  is  generally  of  a  shape  nearly  cor- 
responding to  that  of  the  dark  nucleus,  or 
central  spot.  This  fainter  belt  is  plainly  per- 
ceptible in  the  larger  spots,  and  when  very 
high  powers  are  applied  to  the  telescope,  the 
umbrae  are  also  visible  in  the  smaller  spots ; 
The  following  representations  will  convey  a 
general  idea  of  the  phenomena  of  the  solar 
spots.  Fig.  6  represents  the  more  common 
appearances  of  these  spots — a  dark  central 
part  surrounded  by  a  fainter  shade.  Figs.  7, 
8,  9,  represent  the  appearances  of  certain  spots 
which  exhibit  a  bright  spot,  or  figure,  in  the 
midst  of  the  dark  nucleus.  Fig.  10  shows  a 
spot,  in  which  various  dark  spots  are  surround- 
ed by  one  common  penumbra;  figs.  11,  12, 
spots  of  different  shapes;  figs.  13,  14,  large 
spots  accompanied  or  surrounded  with  dark 
spots  of  a  much  smaller  size.  This  is  a 
very  common  phenomena  :  it  is  seldom 
that  any  large  spots  are  seen  without  being 
accompanied  with  a  variety  of  small  spots 
of  different  sizes,  frequently  assuming  the 
appearance  of  a  tail  to  the  large  spot. 
Fig.  15,  represents  the  appearance  and  pro- 
gress of  a  single  spot,  from  the  time  it  appears 
on  the  sun's  eastern  hmb  till  it  arrive  at  the 
centre  of  the  disk.  As  the  sun  moves  round 
an  axis  which  is  not  perpendicular  to  the 
ecliptic,  but  inclined  seven  and  a  half  degrees 
from  the  perpendicular,  so  the  spots  move  in 
a  line  deviating  from  the  ecliptic,  and  perpen- 
dicular to  the  sun's  axis.  Thus  in  fig.  16,  A 
B  represents  the  ecliptic ;  D  C  its  axis  per- 
pendicular to  it;  G  H  the  axis  of  the  sun, 
around  which  it  performs  its  rotation,  deviat- 
ing seven  and  a  half  degrees  from  D  0,  the 
axis  of  the  ecliptic.  The  spots  therefore  move 
in  a  line  E  F  or  K  L,  which  is  at  right  angles 
with  the  axis  of  the  sun. 

Besides  the  dark  spots  whose  phenomena 

we  have  now  described,  there  are  spots  which 

have  a  bright  and   mottled   appearance,   and 

which  it  is  difficult,  in  most  cases,  to  distin- 
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guish  from  the  general  body  of  the  sun.  They 
are  chiefly  to  be  seen  when  they  first  appear 
on  the  eastern  margin  of  the  sun,  and  whea 
they  approach  near  the  western  limb ;  but 
they  are  seldom  or  never  seen  near  the  mid- 
dle of  the  disk.  They  are  most  generally  seen 
in  connection  with  clusters  of  the  dark  spots, 


and  when  they  are  first  seen  near  the  eastern 
limb,  they  frequently  indicate  that  dark  spots 
are  about  to  make  their  appearance.  7^hey 
appear  like  luminous  ridges,  and  plainly  indi" 
cate  that  the  sun  is  not  a  smooth  surface,  hut 
is  diversified  with  elevations  and.  depressions, 
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OT,  in  other  worJs/with  mountains  and  vales  rapid  and  extensive  changes  which  are  fre- 
of  a  stupendous  size,  othervi^ise  we  could  not  quently  happening  both  among  the  bright  and 
perceive  them  at  the  remote  distance  at  which  dark  spots,  that  there  are  forces  of  prodigious 
we  are  placed.  But  what  these  bright  ridges,  power  in  continual  operation,  producing  the 
or  corrugations,  are — whether  immense  lumi-  most  astonishing  effects,  in  a  short  space  of 
nous  clouds,  or  solid  bodies — or  what  purpose  time,  sometimes  in  a  few  hours  or  minutes, 
they  serve  in  the  operations  which  are  going  on  the  surface  or  in  the  luminous  atmosphere 
forward  in  this  luminary,  we  are  unable  to  de-  of  this  great  central  body.  And  such  change-s 
termine.  are,  doubtlekts,  necessary  for   preserving   the 

The  following  is  a  summary  of  thephenom-  present  constitution  of  the  sun — for  enabling 
ena  of  the  solar  spots.  1.  Every  spot  which  him  to  diffuse  light  and  heat — and  to  act  as 
has  a  dark  nucleus  has  also  an  umbra  sur-  the  soul  of  surrounding  worlds, 
rounding  it.  2.  The  boundar}'^  between  the  This  magnificent  luminary  is  the  grand 
nucleus  and  umbra  is  well  defined.  3.  The  source  of  light,  and  heat,  and  colour,  to  this 
Increase  of  a  spot  is  gradual,  the  breadth  of  the  earth,  and  to  all  the  planetary  globes,  with 
nucleus  and  umbra  dilating  at  the  same  time ;  their  rings  and  satellites,  which  belong  to  our 
and  its  decrease  is  gradual  in  the  same  man-  system.  By  its  energy  and  influence,  it 
ner.  4.  The  nucleus  when  on  the  decrease,  cheers,  adorns,  and  animates  a  retinue  of 
in  many  instances,  changes  its  figure  by  the  mighty  worlds;  directing  their  motions,  and 
umbra  encroaching  upon  it ;  and  thus  it  some-  preserving  them  all  in  the  paths  prescribed 
times  happens  that  the  nucleus  is  divided  into  them,  so  that  none  shall  wander  from  their 
two  or  more  nuclei.  5.  The  exterior  bounda-  course,  or  interfere  with  others.  It  is  the 
ry  of  the  umbrae  never  consists  of  sharp  angles,  central  bond  which  unites  the  moon  to  the 
but  is  always  curvilinear.  6.  The  nucleus  earth;  the  satellites  of  Jupiter,  Saturn,  and 
vanishes  sooner  than  the  umbra.  Uranus,  to  their  respective  primaries,  and  all 

The  conclusions  which  have  been  drawn  the  other  planets  in  one  grand  and  harmonious 
from  the  phenomena  now  described,  in  refer-  system.  On  our  globe,  the  benign  effects  of 
ence  to  the  constitution  of  the  sun,  are  as  the  sun  are  numerous  and  powerful.  He  is 
follows:  That  the  central  part  of  the  spots  not  only  the  source  of  illumination,  but  of  all 
is  beneath  the  level  of  the  sun's  surface,  or,  that  beautiful  diversity  of  colouring  that  adorns 
in  other  words,  that  the  spots  are  excavations  every  terrestrial  landscape.  Both  the  earth 
in  the  body  of  this  luminary,  and  that  the  and  sea — the  lowest  depths  of  the  ocean,  and 
umbra,  or  shade,  which  surrounds  it,  is  the  the  darkest  cavern — feel  the  effects  of  his 
shelving  sides  of  this  excavation  in  the  lumi-  powerful  agency.  All  animated  beings  rejoice 
nous  matter.  According  to  this  view,  the  nu-  in  his  presence:  when  his  rays  dispel  the 
cleus  is  nothing  else  than  the  dark  and  sohd  shades  of  night,  millions  of  the  insect  tribes 
body  of  the  sun  appearing  through  the  open-  awake  and  sport  in  his  beams,  the  birds  salute 
ings  of  a  luminous  atmosphere  which  sur-  him  with  their  melodious  concerts,  every  thing 
rounds  this  mighty  globe.  According  to  Sir  that  breathes  feels  the  effect  of  his  influence; 
W.  Herschel's  estimate,  this  atmosphere  is  not  man  watches  for  the  morning  and  rejoices  at 
less  than  1840  miles,  and  not  more  than  2760  his  approach;  for  "truly  the  hght  is  sweet, 
miles  in  depth.  This  he  regards  as  the  outer-  and  a  pleasant  thing  it  is  for  the  eyes  to  be- 
most  coating  of  the  sun,  or  his  visible  surface  ;  hold  the  sun."  The  vegetable  tribes  likewise 
and  under  this  superior  stratum,  he  conceived  feel  his  energy ;  he  gives  circulation  to  the 
there  is  another,  more  dense  and  highly  re-  sap  in  plants  and  trees;  he  causes  the  blos- 
flective,  which  throws  back  the  light  of  the  soms  and  leaves  to  shoot ;  the  hills  and  vales 
upper  regions,  and  that  this  lower  atmosphere  to  be  covered  with  verdure,  and  the  fruits  of 
constitutes  the  umbra  of  the  spots,  and  that  the  earth  to  ripen  to  a  golden  harvest,  for  sup- 
the  dark  central  parts  of  the  spots,  or,  the  nu-  plying  the  wants  of  man  and  beast.  With- 
clei,  are  part  of  the  solid  matter  of  which  the  out  the  influence  of  this  luminary,  darkness 
sun's  body  is  composed.  In  accordance  with  and  all  its  gloomy  accompaniments  would 
such  views,  the  internal  part  of  the  sun  may  for  ever  involve  this  lower  creation  ;  all  the 
be  considered  as  an  immense  solid  ball,  not  beauties  which  now  adorn  the  face  of  nature 
altogether  unlike  the  earth  and  the  other  would  be  swept  away,  the  birds  would  cease 
planets;  and  there  is  no  great  improbability  their  warblings,  the  flowers  would  no  longer 
in  supposing  that  it  is  fitted  for  being  the  habi-  be  decked  with  the  gayest  colors,  nor  shed 
tation  of  sensitive  and  intelligent  beings,  with  their  rich  perfumes.  Life,  activity,  and  anima- 
constitutions  adapted  to  the  situation  ;  and  tion  would  soon  cease ;  and  the  earth,  ere 
that  it  may  constitute  the  most  glorious  habi-  long,  would  be  transformed  into  a  hideous 
tation  connected  with  the  solar  system.     But  chaos. 

whatever  may  be  the  real  nature  and  consti-        Can  we  reflect  on  the  grandeur  and  magni- 
tution  of  this  luminary,  it  is  evident,  from  the  tude  of  this  luminary,  and  the  manifold  bene- 
119  (945) 
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ficial  eifects  which  it  produces  on  our  world,  Notwithstanding  the  numerous  benefits 
without  raising  our  thoughts  to  Him  who  at  which  the  sun  dispenses  to  all  the  inhabit- 
first  launched  this  vast  globe  from  his  al-  ants  of  our  globe,  it  is  a  melancholy  truth 
mighty  arm,  and  still  sustains  it  in  all  its  that  the  greater  part  of  its  population  is  stili 
energies  !  In  all  our  surveys  of  the  system  involved  in  intellectual  darkness  and  moral 
of  nature,  it  becomes  us  to  raise  our  views  debasement,  "  being  alienated  from  the  life  of 
from  the  effect  to  the  cause,  from  the  creature  God  through  the  ignorance  that  is  in  them."' 
to  the  great  Creator,  and  to  give  to  Him,  In  this  respect,  it  may  still  be  said,  as  in  an" 
*'  the  glory  due  to  his  name."  This  is  not  cient  times,  that  darkness  covers  the  earth, 
only  a  duty  inculcated  in  Scripture,  but  is  in  and  gross  darkness  the  majority  of  the  people 
full  accordance  with  the  dictates  of  true  who  inhabit  it.  While  the  sun  diffuses  its 
philosophy ;  which  declare,  that  every  phe-  splendour  around  them,  their  minds  are 
nomenon,  and  every  effect  in  the  universe  shrouded  in  a  midnight  gloom,  into  which 
should  be  traced  up  to  a  cause  adequate  for  "the  light  of  the  knowledge  of  the  glory  of 
its  production.  And  what  cause  could  pro-  God,"  as  it  shines  "  in  the  face  of  Jesus 
duce  such  a  stupendous  luminary,  but  that  Christ,"  has  never  penetrated.  Before  all  the 
Being  who  existed  from  eternity,  whose  effects  of  light — material  and  mental — can  be 
power  is  uncontrollable  and  illimitable,  and  fully  felt,  the  Sun  of  righteousness  must  arise 
whose  kingdom  ruleth  over  alii"  In  the  on  the  nations  "  with  healing  in  his  beams," 
formation  of  this  spacious  globe  we  behold  to  diffuse  knowledge,  joy,  and  salvation.  His 
a  display  of  Omnipotence  which  overwhelms  influences  are  as  necessary  to  our  true  happi^ 
our  conceptions,  and  which  shows  us  that  ness  as  those  of  the  material  sun  to  our  exter- 
nothing,  however  amazing  and  incompre-  nal  comfort  and  existence.  His  Spirit  irradi- 
hensible,  can  be  beyond  the  limits  of  God's  ates  the  darkest  understandings,  purifies  the 
power  to  accomplish.  In  the  numerous  bene-  most  debased  affections,  and  diffuses  gladness 
ficial  agencies  produced  by  the  sun,  we  have  and  consolation  wherever  the  light  of  Divine 
a  display  of  his  beneficence,  an  evidence  that  truth  shines  into  the  heart.  And  as  the  rays 
the  happiness  of  his  creatures  is  one  of  the  of  this  spiritual  Sun  are  diffused  by  the  truths 
main  objects  of  his  creating  power,  and  that  of  revelation,  it  is  our  duty  to  disseminate 
"  his  tender  mercies  are  over  all  his  works."  these  truths  as  extensively  as  possible  among 
*'  The  day  is  thine  ;  the  night  also  is  thine ;  all  the  kindreds,  and  families,  and  tribes,  that 
thou  hast  prepared  the  light  and  the  sun."  dwell  upon  the  face  of  all  the  earth.  Wher- 
He  hath  placed  our  world  at  such  a  distance  ever  the  natural  sun  shines,  the  light  of  Divine 
from  this  luminary,  as  neither  to  dazzle  us  truth  should  be  made  to  shed  its  influence  and 
with  excessive  brilliancy,  nor  scorch  us  with  its  lustre,  till  light  shall  spring  up  to  those 
excessive  heat,  nor  freeze  us  with  insufferable  who  sit  in  darkness  and  the  shadow  of  death  ; 
cold;  but  to  produce  an  illumination  and  a  till  "  the  glory  of  the  Lord  shall  cover  the 
temperature  suited  to  the  inhabitants  of  every  earth— and  all  flesh  see  the  salvation  of  God," 
clime.  The  man  who  can  contemplate  this 
glorious    object,    and   feel    all    the    beneficial  ■ 

effects  of  its  influence,  without  the  least  emo- 
tion of  gratitude,   reverence,   and   adoration,  SECTiojf  11. 
scarcely  deserves  to  enjoy  the  beneficence  of 

his  Creator.    Let  us,  then,  "  give  thanks  unto  The  Planet  Mercury. 

the  Lord — to  him  that  made  great  lights—- 

the  sun  to  rule  the  day  ;  for  his  mercy  endu-  Having  given  a  general  description  of  the 
reth  for  ever."  And  as  the  sun  enlightens,  sun — which  is  the  centre  of  the  planetary 
cheers,  and  fructifies  our  globe,  and  distributes  orbs,  around  which  they  all  perform  their  re- 
benefits  wherever  he  shines;  so  let  us  like-  volutions,  at  different  distances  and  in  differ- 
wise,  according  to  our  power  and  opportuni-  ent  periods  of  time,  we  shall  now  proceed  to 
ties,  exert  all  our  energies  in  imparting  bless-  give  a  brief  description  of  v/hat  is  most  inte- 
ings  to  our  brethren  of  mankind.  As  he  resting  in  the  phenomena  of  the  difierent 
daily  sheds  his  benign  influence  around  the  planets,  beginning  with  that  which  is  nearest 
world  ;  as  he  rises  for  the  benefit  of  the  un-  the  centre,  and  proceeding,  in  order,  to  those 
grateful  and  the  unjust  as  well  as  for  the  good  which  are  more  distant.  The  order  in  which 
and  the  righteous,  so  let  our  beneficence  be  the  orbits  of  the  planets  lie  from  the  sun  is 
displayed  towards  men  of  all  characters  and  represented  in  the  following  small  diagram, 
nations,  that  v/e  may  prove  ourselves  to  be  The  proportional  distances  of  the  planets  from 
"  the  children  of  the  Most  High,"  who,  with-  the  centre  cannot  be  distinctly  represented, 
out  distinction  of  persons,  distributes  bless-  unless  upon  a  diagram  of  very  large  extent. 
ings  without  number,  among  all  the  ranks  of  In  this  small  figure,  the  middle  point  repre- 
sensitive  and  intelligent  existence.  sents  the  position  of  the  sun.     The  inner  cir» 
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cle  nest  the  point  which  represents  the  sun, 
is  the  orbit  of  Mercury,  the  nearest  planet  to 
the  sun ;  the  second  circle  represents  the  orbit 
of  Venus;  the  third  that  of  the  Earth;  the 
fourth  that  of  Mars ;  the  next  circles,  which 
cross  each  other,  represent  the  orbits  of  the 
lately  discovered  planets  :  Vesta,  Juno,  Ceres, 
and  Pallas.  Beyond  these,  the  next  circle 
represents  the  orbit  of  Jupiter  with  his  satel- 
lites, and  next  ,t:o  that  the  orbit  of  Saturn. 
The  outermost  circle  is  that  of  Uranus,  some- 
times distinguished  by  the  names  of  Herschel, 
and  the  Georgium  Sid  us. 

Fig.  17. 


These  orbits  appear  very  small,  as  deline- 
ated in  this  diagram,  but  they  are  in  reality 
so  immensely  large,  that  the  mind  can  scarce- 
ly form  any  adequate  conception  of  them. 
The  orbit  of  Mercury,  which  is  the  smallest, 
is  more  than  two  hundred  and  thirty-two 
millions  of  miles  in  circumference.  Were  a 
steam  carriage  to  move  round  it  at  the  rate  of 
twenty  miles  an  hour,  it  would  require  more 
than  one  thousand  three  hundred  and  twenty- 
four  years  before  it  could  complete  the  circuit; 
yet  the  planet  itself  moves  around  it  in  the 
short  space  of  eighty-eight  days.  The  orbit 
of  Uranus,  the  most  distant  planet  of  the  sys- 
tem, is  eleven  thousand  thijee  hundred  mil- 
lions of  miles  in  circumference,  and  three 
thousand  six  hundred  millions  in  diameter. 
To  move  round  this  circumference,  at  the  rate 
of  thirty  miles  an  hour,  would  require  above 
forty-two  thousand  nine  hundred  years,  or 
more  than  seven  times  the  period  which  has 
elapsed  since  the  creation  of  Adam ;  while 
the  planet  itself  moves  round  it  in  eighty-four 
years.  So  that  all  the  arrangements  of  the 
Divine  being  are  conducted  on  a  scale  of 
magnificence,  astonishing  to  mortals,  and  cor- 
responding to  the  infinite  majesty  and  gran- 
deur of  Him  "  who  stretched  out  the  heavens 
by  his  understanding.'* 


The  narrow  curve,  on  the  left  hand  of  the 
figure,  crossing  the  orbits  of  the  planets,  re- 
presents a  portion  of  the  orbit  of  a  comet. 
The  comets  move  in  all  directions  through  the 
aolar  system,  and  their  orbits  consist  of  long 
narrow  ellipses,  or  ovals,  some  of  which  ex- 
tend far  beyond  the  orbits  of  the  most  distant 
planetSjwhere  they  sometimes  remain  for  a  long 
series  of  years.  These  bodies  are  distinguished 
by  their  dim,  dusky,  and  ruddy  light,  and  the 
long  tails,  or  trains,  of  light  with  which  they 
frequently  make  their  appearance.  Sometimes 
they  are  visible  to  the  naked  eye,  and  make  a 
pretty  splendid  appearance ;  but  numerous 
bodies  of  this  description  pass  near  the  centre 
of  our  system,  which  are  only  visible  by  means 
of  telescopes,  and  numbers,  doubtless,  which 
are  never  distinguished  even  by  astronomers, 
except  when  by  chance  they  happen  to  direct 
their  telescopes  to  those  portions  of  the  heavens 
in  which  they  are  moving.  From  December, 
1843,  to  September,  1844,  no  less  than  three 
comets  were  discovered,  but  not  one  of  them 
was  visible  to  the  unassisted  eye. 

Having  made  these  preliminary  remarks 
respecting  the  general  arrangement  of  the 
planets  and  comets,  we  proceed  to  a  brief  de- 
scription of — 

The  Planet  Mercury.  This  planet,  as 
already  noticed,  is  the  nearest  to  the  sun  ;  at 
least,  no  planets,  nearer  this  luminary  have 
yet  been  discovered,  though  it  is  not  improba- 
ble that  one  or  two  may  exist  within  the  orbit 
of  Mercury.  Its  name  signifies  "  the  swift 
messenger,"  and,  in  point  of  fact^  it  is  the 
swiftest  moving  planet  in  the  solar  system,  its 
rate  of  inotion  being,  at  an  average,  one  hun- 
dred and  nine  thousand  eight  hundred  miles 
an  hour,  or  one  thousand  eight  hundred  and 
thirty  miles  in  a  minute ;  but  its  rate  of  motion 
is  somewhat  different  in  different  parts  of  its 
course,  as  it  moves  in  an  elliptical  orbit.  Its 
distance  from  the  sun  is  about  thirty-seven 
millions  of  miles,  and  it  performs  its  revolu- 
tion around  that  luminary  in  eighty-seven  days, 
twenty-three  hours,  and  twenty-five  minutes. 
As  to  magnitude,  this  planet  ranks  among  the 
smaller  bodies  of  the  system.  Its  diameter  is 
three  thousand  two  hundred  miles,  its  circum- 
ference ten  thousand  and  fifty-three  miles,  and 
its  surface  contains  above  thirty-two  millions 
of  square  miles,  which  is  considerably  lesg 
than  the  habitable  parts  of  our  globe.  Were 
we  to  compare  its  size  with  that  of  the  sun 
we  should  find  that  it  would  require  nearly 
twenty-two  millions  of  globes  of  the  size  of 
Mercury  to  form  a  globe  equal  to  that  of  the 
sun.* 

*  This  is  estimated  in  the  following  manner— 

the  comparative  bulks  of  spheres  are  to  each  other 

as  the  cubes  of  their  diameters  ;  therefore,  divide 

the   cubes  of  their  diameters  by  each  other,  and 
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This  planet  always  appears  to  move  in  the  truncature  is  doubtless  the  eifect  of  elevations 
neighbourhood  of  the  sun.  It  never  appears  and  depressions  on  its  surface ;  and  hencej 
above  twenty-nine  degrees  distant  from  the  some  astronomers  have  concluded  that  moun- 
sun,  and  frequently  at  the  period  of  its  greatest  tains  of  considerable  elevation  exist  on  Mer 
elongations  it  is  not  above  sixteen  or  seven-  cury,  one  of  which  is  calculated  to  be  eight 
teen  degrees  from  that  luminary.  On  this  ac-  English  miles  in  perpendicular  altitude.  It 
count,  it  is  difficult  to  be  distinguished  by  the  is  supposed,  likewise,  that  it  is  enveloped  with 
naked  eye,  unless  near  the  periods  of  its  an  extremely  dense  atmosphere, 
greatest  elongations.  The  time  between  its  In  consequence  of  its  nearness  to  the  sun 
greatest  elongations  from  the  sun,  varies  from  - — being  nearly  three  times  nearer  than  thp 
one  hundred  and  six  to  one  hundred  and  thirty  earth — the  quantity  of  light  is  nearly  sevew 
days.  When  it  is  at  its  greatest  elongation  times  greater  than  what  we  receive ;  and  the 
east  of  the  sun,  it  is  seen  in  the  evenings,  at  sun  will  appear  to  a  spectator  in  that  planel 
a  low  elevation,  not  far  from  the  point  where  about  seven  times  larger  than  to  us — whicl 
the  sun  sets.  When  it  is  west  of  the  sun,  it  circumstances  will  cause  a  more  brilliant  lus* 
is  seen  in  the  morning  not  far  from  the  point  tre  to  appear  on  all  the  objects  on  the  surface 
of  sunrise.  The  most  favourable  seasons  for  of  this  planet  than  appears  on  the  scenery  of 
observing  it  are  the  spring  and  autumn,  as  it  our  globe.  Such  eyes  as  ours  would  be  una- 
is  in  a  higher  declination  at  those  seasons  than  ble  to  sustain  so  dazzling  a  brightness,  unless 
in  winter,  and  the  twilight  is  not  so  strong  nor  their  pupils  were  contracted  to  the  diameter 
so  long  continued  as  in  summer.  When  of  one-fiftieth  of  an  inch.  That  the  quantity 
viewed  by  the  naked  eye,  it  appears  to  emit  a  of  heat  is  in  the  same  proportion,  or  seven 
very  white  light ;  and  those  who  would  wish  times  greater  than  on  the  earth,  is  an  opinion 
to  get  a  view  of  this  planet,  when  it  may  be  by  no  means  probable.  It  is  more  probable, 
seen,  should  inspect  an  ahiianac,  or  ephemeris,  from  many  circumstances  connected  with  our 
where  the  times  of  its  elongations  are  distinct-  own  globe,  and  from  a  variety  of  experiments 
ly  stated.*  When  viewed  with  a  telescope  it  which  have  been  made  on  the  subject  of  heat, 
appears,  in  tho  course  of  its  revolutions  round  that  the  sun's  rays  may  be  modified  in  their 
the  sun,  to  pass  through  all  the  phases  of  the  action  by  the  nature  of  the  atmosphere,  and 
moon,  sometimes  appearing  as  a  half-moon,  the  constituent  elements  of  which  the  planet 
sometimes  as  a  crescent,  and  at  other  times  is  composed.  It  is  probable  that  sensible  heat 
with  a  gibbous  phase.  When  it  appears  of  a  depends  chiefly  on  the  distribution  of  the  sub- 
half-moon  or  crescent  phase,  its  enlightened  stance  of  caloric,  or  the  principle  of  heat,  on 
side,  like  that  of  the  moon,  is  always  turned  the  surfaces  and  throughout  the  atmospheres 
towards  the  sun,  which  proves  that  it  is  in  of  the  planets,  in  different  quantities,  accord- 
itselfa  dark  body,  and  derives  all  its  light  from  ing  to  the  different  situations  they  occupy  in 
that  luminary.  On  account  of  its  nearness  to  the  solar  system  ;  so  that  it  is  possible  there 
the  sun,  few  discoveries  have  been  made  on  may  be  no  more  sensible  heat  felt  on  the  sur- 
its  surface  by  the  telescope.  It  has  been  ob-  face  of  Mercury  than  on  the  surface  of  the 
served,  however,  that  when  it  appears  as  a  Earth,  or  even  of  Saturn,  or  Uranus, 
descent,  one  of  its  horns  is  truncated,  or  cut  Mercury  revolves  in  an  elliptical  orbit, 
off  at  the  point,  by  which  the  period  of  its  which  is  more  eccentric  than  the  orbits  of  the 
revolutions  round  its  axis  has  been  determined,  other  planets  except  Juno  and  Pallas.  This 
which  is  supposed  to  be  accomplished  in  is  the  reason  why,  at  some  of  its  greatest 
twenty-four  hours  and  five   minutes.      This  elongations,  it  is  only  sixteen  degrees  from  the 

sun;  while  at  others,  it  is  nearly  twenty-nine 

the  quotient  shows  the  number  of  times  the  one  degrees  distant.     Its   eccentricity,  or  the   dis- 

is  contained  in  the  other     In  Ui^epresen^^^  tance  of  the  sun  from  the  centre  of  its  orbit, 

multiply  the  sun's   diameter,  880,000  miles,  twice  .        ,  .,,.  ,^       .,  ,      ,     . 

into  itself,  and  divide  the  product  by  the  cube  of  *^   ^"^^^^  seven   millions  ot   miles;    which  is 

the  diameter  of   Mercury,    3200  miles,  and    the  about  the   one-tenth   part    of  the  diameter  of 

quotient  will  give  the  number  of  times  that  the  its   orbit;    and    this   orbit  is   inclined    to  the 
sun  IS  larger  than  this  pUnet.     Thus  the  cube  of        ,.    ,.  .        ,  ^  ,  ,,        ... 

880,000  is  681,472,000,000,000,000,  which  divided  by  ecliptic,  or  the  plane  ot  the  earth  s  orbit,  in  an 

32,768,000,000    ihe    cube   of  Mercury's     diameter  angle  of  seven  degrees,  so  that  it  is  sometimes 

'"*VK'''Sr.^r-^  five-sixths,  nearly.  this  number  of  degrees  above  the  level  of  the 

•The  Christian  Almanac,  mihU&heihy  ihe  "Re-       ^^    .-  i     i.     iu       ^'  .    i    i        • 

ligious  Tract  Society,"  will  afford  sufficient  infor-  ecliptic,  and  at  other  times  as  much  below  it. 

mation  on  such  points,  and  on  various  other  topics  The  density  of  this  planet  is  greater  than  that 

connected  vvith  astronomy    and  the  motions  and  of  any   other    planet   of  the   system.     It  has 

aspects  of  the  heavenly  orbs,  especially  under  the  i         ,  *•       <.    i    *      r  ■     .     •         , 

head  Pbenomena.    This  almanac  is   published  at  "^^  .^6*^"    estimated    to   be   nearly  twice   the 

the  low  price  of  sixpence,  contains  about  84  closely  density    of    the    earth,    that    is    about    nine 

printed  pages,  and  a  vast  quantity  of  useful  infqr-  times   the  density  of  water,   or  nearly  equal 

niation  on  science,  religion,  philanthropy,  domestic  .      ^u   *.     r  ^      i       o     u  t     ■  i 

economy,  acts  of  Parliament,  and  a  variety  of  ^^  ^'^^^  ^*   ^^^^'     ^"^^    conclusions    are    dc- 

other  interesting  topics.  duced  from  the  laws  of  gravitation,  by  which 
(948) 
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all    the    planets   are   directed   in   their    mo-   and   to  give  them  a  sensible   display  of  the 
feions.  character  and  attributes  of  the  Eternal  D'h 

Transits  of  Mercury. — At  certain  periods,   vinity, 
^his  planet  is  observed  to  pass  across  the  sun's 

disk,  hke  a  small  dark  spot.     This  can  hap- — 

pen  only  at  the   time   of  its  inferior  conjunc- 
tion with  the  sun — when  it  is  nearest  to  the  Section"  III. 
earth — when   its  enlightened   side  is  turned 

towards  the  sun,  and  its  dark  hemisphere  is  On  the  Planet  Venus. 

turned  directly  towards  the  earth ;  and  when 

the  earth,  Mercury,  and  the  sun  arc  nearly  in        Next  to  Mercury,  in  the  order  of  the   sys" 
one  straight  line.     This  passage   of  Mercury    tern,  is  the  planet  Venus.     To  the  naked  eye 
across  the  solar  disk  is  called  its  transit,  and   it   appears  the    most  beautiful    and   splendid 
is  considered  by  astronomers  as  an  interesting   star  in  the  heavens,  and  has  been  distinguish- 
phenomenon.     If  the  orbit  of  this  planet  were   ed  both  in  ancient  and  modern  times  as  the 
in  the  same  plane  with   that  of  the  earth,  it   morning   and    evening   star,  because  in    one 
would  transit  the  sun's  disk  at  every  inferior   part  of  its  course,   it  makes  its   appearance, 
conjunction,  or  three  or  four  times  every  year,   in    the    west,    in    the   evening,    before    any 
But  as  its  orbit  is  inclined  to  the  ecliptic,  a    other  star   is  visible;    and,  in   another  part 
transit  can  happen  only  when  it  comes  to  the   of   its  course,  it  appears  in  the  east  in   the 
inferior  conjunction,  at  the  time  when  it  is  at   morning,   ushering  in  the  dawn,  and  giving 
or   near   its   nodes,    or  the    points  where    it   notice  of  the  approach  of  the  rising  sun.     Its 
crosses  the  ecliptic,  and  when  the  earth   is  in    distance   from   the  sun    is  reckoned  at  sixty- 
the  same  longitude,  and  this  occurs  only  at   eight   milhons  of  miles,  being  thirty-one  mil- 
intervals  of  several   years.     The   last  visible    lions  of  miles  from  the  orbit  of  Mercury,  and 
transit  previous  to   1845,  happened  in  1833  :   about  twenty-seven  millions  of  miles  from  the 
another   happened   in  November,    1835,  but   earth  at  its  nearest  approach  to  it.     At  this 
was  invisible  in   Britain,  as  the   sun  was  set   distance  it  is  nearer  the  earth  than  any  other 
before  its  commencement.     A  visible  transit   celestial  body  can   approach,  the   moon    only 
likewise  occurred   on   May  8th,  1845,  which   excepted.     In    respect   of    magnitude,   it   is 
began  at  19  minutes  past  4  p.  m.,  Greenwich   found   to  be  7800  miles  in  diameter,  or  very 
time  ;  and  the  planet  arrived   near  the  centre    nearly  the  size  of  our  globe.     Its  surface  con- 
of  the  disk  at  35  minutes  past   7  p.  m.  ;  but   tains  one  hundred  and  ninety-one  millions  of 
before  the  planet's  egress  from  the  sun's  west-    square  miles,  and  the  quantity  of  light  it  re- 
ern  limb,  the  sun  set  to  the  inhabitants  of  this   ceives  from   the  sun  is  nearly  double  of  that 
country.     The  next  visible  transits  of  Mercu-   which  falls  upon  the  earth,  on  account  of  its 
ry    will    happen    at    the    following   periods  :    greater  nearness  to  the  sun,  so  that  that  lumi- 
1848,  November  9th;  1861,  November  12th;   nary  will  appear   from  its  surface   twice    as 
1868,  November  5th  ;   1878,  May  6th.     The    large   as  it   does  to  us.     From  a  variety  of 
other  transits,  during  the  present  century,  in    observations  which  have  been  made  on  this 
1881,  1891,  and  1894,  will  be  invisible  in  Bri-   planet,  it  appears  that  it  has  a  rotation  on  its 
tain  and  other  European  countries,  but  will    axis,  which  is  accomplished  in  the  period  of 
be  seen  in  several  parts  of  North  and   South    23  hours,  21  minutes;  and  as  the  period  of 
America,  and  the  islands  of  the  Pacific  ocean,    the  earth's   rotation   is  23  hours  56  minutes, 
This  planet,  notwithstanding  its  compara-   its  day  is,  of  course,  35  min.  shorter  than  ours, 
tive  smallness,  forms  a  portion  of  the  Divine       Discoveries  made  on  Venus  by  the  telescope. 
empire,  and  is  capable  of  containing  a  popu-   — The  first  time  the  telescope  was  directed  to 
lation   larger  than  even    that   of   our  globe,    this  planet  was  in  the  year  1610,  by  the  cele- 
Though  diminutive   in    its  appearance,    and    brated  Galileo,  who  had  just  a  little   before 
seldom  seen  by  the  inhabitants  of  the  earth,   constructed  one   of  the  first  telescopes.     The 
we  can   scarcely  doubt   that   there   are  to  be    chief  discovery  he   then  made  was,  that    this 
found  on  this  planet  millions  of  sentient  and    planet,  in  the  course  of  its  revolution  round 
intelligent   beings — perhaps   far   superior   in   the  sun.  passed  through  all  the  phases  of  the 
dignity  to  man — with  constitutions  fitted  for   moon,   sometimes  appearng  as  a  crescent,  oi 


that  sphere  in  which  Providence  has  placed 
them,  and  with  mental  powers  which  quaUfy 
them  to  know,  to  love,  and  to  adore  their 
great  Creator.  For  it  may  be  considered  as 
an  axiom,  that  the  material  universe  was  cre- 


like  the  moon  when  three  or  four  days  old, 
sometimes  like  a  half-moon,  and  at  other 
times  with  a  gibbous  phase,  or  like  the  moon 
three  or  four  days  before  the  full.  That  the 
planet  presents  such  phases  to  our  eye  is  a 


ated,  and  is  still  preserved  in  existence,  chiefly  plain  proof  that  it  does  not  move  round  the 
for  the  sake  of  sensitive  and  intellectual  na-  earth  as  its  centre  of  motion,  as  the  ancients 
^ures,  to  aiford  them  the  means  of  happiness,   supposed,    but    round    the    sun,    in  an   orbit 

4L  (949) 


Hosted  by  Google 


36 


THE  SOLAR  SYSTEM. 


which  hes  within  the  orbit  of  the  earth.  For 
if  it  moved  in  an  orbit  exterior  to  that  of  the 
earth,  it  never  could  present  to  us  either  a 
half  moon  or  a  crescent  phase.  At  the  pe- 
riod to  v^hich  we  allude,  the  greater  part  of 
the  learned  had  adopted  the  vulgar  opinion 
which  so  long  prevailed,  that  the  earth  is  at 
rest  in  the  centre  of  the  universe,  and  that  all 
the  planets  revolve  around  it.  It  was  objected 
to  the  Copernican  system,  which  supposes 
the  earth  to  be  one  of  the  planets — and  which 
had  been  recently  broached — that  if  this  were 
the  case,  the  planets  Mercury  and  Venus 
would  appear  with  all  the  phases  of  the  moon. 
This  was  fully  admitted ;  but  it  could  never 
be  exhibited  to  the  organs  of  vision  before 
the  telescope  was  invented.  When  Galileo  had 
published  this  and  several  other  discoveries, 
the  senators  of  Venice,  who  were  most  of  them 
eminent  for  their  love  of  learning,  invited  this 
astronomer  to  come,  and  in  their  presence 
make  a  trial  of  his  new  instrument.  He 
complied  with  their  request;  and,  on  a  fine, 
clear,  and  serene  evening,  mounted  his  tele- 
scope on  the  tower  of  St.  Mark,  and  showed 
them  several  of  the  discoveries  he  had  made, 
and  particularly  the  appearance  of  Venus, 
which  was  then  near  the  point  of  its  greatest 
elongation  from  the  sun.  One  senator  after 
another  beheld  the  planet  through  the  tele- 
scope, and  all  were  surprised  that  more  than 
half  of  its  he/nisphere  was  obscured;  that  it 
did  not  appear  round  as  most  of  the  other 
heavenly  orbs,  but  inchning  to  a  crescent, 
with  points,  or  horns,  at  its  opposite  sides. 
Upon  this  Galileo  proceeded  to  show  how  this 
phenomenon  furnished  a  demonstrative  proof  of 
the  Copernican  system  of  the  universe.  That 
night  was  fatal  to  the  ancient  systems  main- 
tained in  the  schools ;  and  from  that  period, 
the  true  system  of  the  world  began  to  be 
recognized  by  all  intelligent  and  unprejudiced 
minds,  and,  in  the  midst  of  every  opposition, 
to  be  extensively  propagated  through  the  world. 
After  the  telescope  was  improved,  and  its 
length  and  magnifying  powers  increased, 
more  particular  observations  began  to  be  made 
on  the  surface  of  Venus,  Cassini,  an'  ItaHan 
astronomer,  with  instruments  of .  a  large  size, 
on  October  14th,  1666,  at  5*^  45  p.  m.,  saw  a 
bright  spot,  near  the  section  between  the  dark 
and  bright  side  of  the  planet ;  at  the  same 
time  he  noticed  two  dark  oblong  spots  nearer 
the  other  side  of  the  disk,  as  represented  in 
fig.  18.  On  the  20th  of  April,  1667,  in  the 
morning,  a  little  before  sunrise,  he  perceived, 
on  the  disk  of  the  planet,  then  half  enlighten- 
ed, a  bright  spot  near  the  section  and  toward 
the  lower  horn ;  and  nearer  to  the  northern 
horn  he  saw  a  darkish  oblong  spot,  as  repre- 
sented in  fig.  19  ;  and  after  sunrise,  he  per- 
ceived that  the  bright  spot  was  advanced  con- 
(060) 


siderably  from  the  southern  horn ;  and  from 
this  and  several  subsequent  observations,  he 
had  a  plain  proof  of  the  rotation  of  the  planet, 
which  he  afterwards  determined  to  be  in  the 
space  of  somewhat  more  than  twenty-three 
hours.  For  many  years  after  this  period,  we 
have  few  recorded  observations  of  these  spots ; 
and,  indeed,  they  are  very  difficult  to  be  per- 
ceived, on  account  of  the  extreme  brilliancy 
which  this  planet  exhibits,  and  the  unduia- 
tions  of  the  atmosphere,  when  viewed  at  a 
low  altitude  in  the  evening.  The  best  time 
for  viewing  the  surface  of  this  planet  is  in  the 
daytime,  when  it  is  near  the  meridian,  by 
means  of  large  equatorial  telescopes. 


Fig.  18. 


Fig.  19. 


'^Vt^^\ 


M.  Schroeter,  a  late  celebrated  German  as- 
tronomer, made  a  variety  of  observations  on 
this  planet,  from  which  he  has  deduced  seve- 
ral important  conclusions.  He  discovered  the 
twilight  of  Venus,  or  the  stretching  of  a  faint' 
light  beyond  the  semicircle  which  ought  to  be 
alone  directly  enlightened,  as  shown  at  fig, 
20,  where  the  cusps,  or  horns,  seem  to  stretch 
into  the  dark  hemisphere.  He  deduced  from 
this,  and  other  observations,  that  Venus  has 
an  atmosphere  of  considerable  extent,  the 
densest  part  of  which  is  above  three  miles 
high.  A  similar  conclusion  was  deduced  by 
a  variety  of  observers  in  different  places,  when 
viewing  the  transit  of  this  planet  in  1761,  At 
the  time  when  the  planet  entered  on  the  sun's 
disk,  and  when  it  was  about  to  emerge  from 
the  eastern  limb,  a  faint  penumbra  or  dusky 
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shaile  was  seen  surrounding  the  planet,  which 
indicated  an  atmosphere  of  considerable 
height.  M.  Schroeter  likewise  detected  seve- 
ral mountain  ridges,  and  elevations  of  great 
magnitude  on  the  surface  of  Venus.  Such 
elevations  are  ascertained  from  the  length  of 
their  shadows.  He  estimated  the  perpendicu- 
lar height  of  one  of  these  mountains  to  be 
ten  and  a  half  English  miles,  and  of  another 
no  less  than  nineteen  miles.  Although  these 
elevations  so  far  surpass  the  height  of  the 
highest  mountains  on  our  globe,  yet  such  esti- 
mates are  not  to  be  considered  on  this  account 
as  improbable.  For,  in  nature,  there  is  an 
infinite  variety,  and  every  planet  differs  from 
another  in  its  arrangements.  Such  lofty  ele- 
vations will  add  to  the  sublimity  of  nature  on 
the  surface  of  this  planet,  and  will  afford,  from 
their  summits,  prospects  far  more  extensive 
and  sublime  than  we  can  at  present  con- 
ceive. 

Apparent  motions  of  Venus.— Were  the 
planets  viewed  from  the  sun,  the  centre  of  the 
system,  their  motions  would  appear  nearly 
uniform,  and  in  one  direction,  from  west  to 
east.  But  when  viewed  from  the  earth,  or 
any  other  planet,  their  motions  appear  very 
irregular,  and  in  different  directions,  and 
sometimes  they  appear  to  make  a  pause  m 
their  course.  Hence  the  apparent  motions 
of  the  planets,  as  viewed  from  the  earth  are 
said  to  be  either  direct,  retrograde,  or  sta- 
tionary. This  may  be  illustrated  m  the  ap- 
parent motions  of  Venus,  and  what  is  here 
stated  of  this  planet  will  equally  apply  to  the 
motion  of  Mercury.     Thus,  in  fig.  21,  let  S 

Fig.  21. 


represent  the  sun,  E  the  earth,  and  a,  h,  c,  d, 
e,f,g,  h,  the  planet  Venus  in  different  parts 
of  its  orbit,  as  seen  from  the  earth  at  E. 
When  it  is  at  a,  it  is  said  to  be  in  its  infe- 
rior conjunction  with  the  sun,  because  it  is 


then  nearly  in  a  line  with  the  sun  ;  and  were 
it  visible,  it  would  be  seen  nearly  in  the  same 
part  of  the  heavens  as  the  sun.  J3ut  at  this 
time  its  dark  hemisphere  is  turned  towards 
the  earth,  and  therefore  is  invisible  unless  it 
should  happen,  as  it  sometimes  does,  to  pass 
across  the  disk  of  the  sun.  In  moving  from 
a  to  b,  its  motion  is  retrograde,  or  towards  the 
west.  In  moving  from  b  to  c,  it  appears  sta- 
tionary, because  the  tangent  line,  or  visual 
ray  b  i,  will  appear  for  some  time  to  coincide 
with  the  orbit  of  the  planet.  At  c  the  planet 
is  said  to  be  at  its  greatest  western  elongation 
from  the  sun,  when  it  appears  in  its  greatest 
brightness  as  a  morning  star.  In  passing 
from  c  d,  and  from  d  to  e,  its  motion  is  direct, 
or  from  west  to  east.  At  e  is  the  point  of  its 
superior  conjunction,  when  it  is  again  nearly 
in  a  line  with  the  sun,  and  when  its  full  en- 
lightened hemisphere  is  turned  towards  the 
earth.  But  at  this  point  it  is  the  whole  dia- 
meter of  its  orbit,  or  one  hundred  and  thirty- 
six  millions  of  miles  farther  from  the  earth 
than  when  it  was  at  a,  and  therefore  appears 
smaller  near  this  position  than  when  only  the 
one-fourth  of  its  enlightened  side  is  seen. 
From  e  to  /,  and  from  /  to  g,  the  motion  is 
still  direct;  from  g  to  A,  it  is  again  stationary, 
and  from  h  to  a  retrograde. 

In  regard  to  the  phases  of  Venus  we  may 
add  the  following  remarks.  When  the  planet 
is  at  e,  at  its  superior  conjunction,  if  it  could 
then  be  seen,*  it  would  present  a  full  enlight- 
ened hemisphere.  As  it  moves  from  e  to/,  it 
gradually  comes  into  view  as  an  evening  star, 
and  at  first  appears  very  low  near  the  point  of 
the  horizon  where  the  sun  sets.  Its  motion 
appears  slow  on  account  of  its  distance  from 
the  earth,  and  it  is  sometimes  two  or  three 
months,  after  passing  the  point  of  its  con- 
junction,, before  it  becomes  distinctly  visible  to 
the  naked  eye.  When  it  comes  to  the  point 
/  it  exhibits  a  gibbous  phase,  as  seen  by  the 
telescope.  As  it  moves  onward  towards  g, 
its  apparent  size  increases,  and  its  gibbous 
phase  gradually  dechnes  to  that  of  a  half- 
moon.     At  g  it  appears  like  a  half-moon  in- 

*  It  has  been  frequently  asserted  by  astronomi- 
cal writers  that  this  planet  cannot  be  seen  at  its 
superior  conjunction.  The  author  of  this  volume, 
however,  in  the  course  of  his  observations  on  the 
heavenly  bodies  in  the  daytime,  had  an  opportuni- 
ty, on  the  2d  of  October,  1843,  of  seeing  this  planet 
within  a  few  minutes  of  the  time  of  its  superior 
conjunction,  when  it  was  only  68  minutes,  or  less 
{Jian  1  degree,  from  the  sun's  margin.  It  wae 
viewed  with  a  three-feet-and-a-half  achromatic 
telescope,  magnifying  95  times,  and  appeared  round 
and  pretty  distinct,  though  partly  immersed  in  the 
solar  rays.  This  circumstance  proves  that  the 
surface  of  Venus  reflects  the  solar  rays  with  pecu- 
liar brilliancy,  more  than  that  of  any  other  planet. 
For  a  more  particular  account  of  this  observation, 
see  "Edinburgh  New  Philosophical  Journal"  for 
January,  1844 
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clining  to  a  crescent.  About  this  point  of  its 
orbit  is  the  period  of  its  greatest  brilliancy, 
and,  in  certain  years,  when  in  this  position,  it 
may  be  seen  in  the  daytime  by  the  naked  eye. 
At  the  point  A>  it  appears  of  a  crescent  form, 
and  while  moving  from  h  to  a,  the  point  of 
its  inferior  conjunction,  its  crescent  becomes 
more  slender,  but  at  the  same  time  more  ex- 
pansive, till  it  appears  like  the  crescent  of  the 
moon  when  she  is  less  than  two  days  old.  At 
a,  the  dark  side  of  the  planet  is  turned  towards 
the  earth,  and  consequently  invisible.  The 
period  employed  in  passing  through  these 
changes,  from  e  to  «  is  about  nine  nionths  and 
a  half.  In  passing  through  the  other  semicir- 
cle from  a  to  b,  c,  d,  e,  it  becomes  a  morning 
star,  and,  a  few  days  after  the  conjunction,  is 
seen  in  the  east  preceding  the  rising  sun.  In 
proceeding  from  a  to  b  and  c,  its  apparent 
motion  is  rapid,  and  it  presents  a  crescent 
phase ;  at  c  it  appears  like  a  half-moon,  and 
in  the  remaining  part  of  its  course  to  e  its 
phase  is  gibbous,  till  it  arrives  at  the  superior 
conjunction,  when  it  again  presents  a  full  en- 
lightened hemisphere.  The  time  employed  in 
moving  from  the  inferior  to  the  superior  con- 
junction is,  as  formerly,  about  nine  months 
and  a  half. 

The  following  figures  represent  the  phases 
of  this  planet,  and  its  gradual  increase  of  ap- 
parent size  from  the  period  of  its  superior  con- 
junction to  its  inferior.  Fig.  22  is  its  phase 
as  a  full  enlightened  hemisphere,  and  its  pro- 
portional size  when  compared  with  fig.  30, 
which  represents  it,  when  nearest  the  earth  at 
its  inferior  conjunction.  At  this  time,  it  is 
five  times  nearer  and  consequently  five  times 
larger  in  diameter,  and  twenty-five  times  larger 
in  surface  than  it  appears  at  its  superior  con- 
junction. Figs.  23,  24,  25,  represent  differ- 
ent degrees  of  its  gibbous  phase  ;  26,  its  half- 
moon  phase  ;  27,  28,  29,  its  crescent  phase  ; 
where  it  will  be  seen,  that  as  the  breadth  of 
the  crescent  diminishes,  its  expansion  and 
length  increase,  as  it  is  then  approaching 
nearer  the  earth.  Fig.  30  represents  its  dark 
side  turned  towards  us  at  the  inferior  conjunc- 


tion. In  moving  from  the  inferior  to  the  su- 
perior conjunction,  it  passes  through  all  these 
phases  in  a  reverse  order.  First  it  appears  as  29, 
then  as  28,  and  till  it  arrives  at  the  phase  fig.  22. 
(952) 


We  shall  state  only  the  following  additional 
facts  respecting  this  planet.  The  period  of 
its  revolution  round  the  sun  is  in  224  days, 
16  hours,  during  which  time  it  accomplishes 
a  course  of  434  millions  of  miles,  at  the  rate 
of  eighty  thousand  miles  an  hour.  Its  orbit 
is  inclined  to  the  ecliptic  in  an  angle  of  three 
degrees  twenty-three  minutes  and  a  half,  and 
the  eccentricity  of  its  orbit  is  less  than  half 
a  million  of  miles,  or  about  the  j|gth  of  its 
diameter.  On  the  ground  of  certain  observa- 
tions, it  has  been  supposed  that  it  is  attended 
with  a  satellite  ;  but  such  a  body,  if  it  exist, 
is  seldom  seen,  and  therefore  its  existence  is 
considered  as  uncertain.  In  its  elongations, 
it  never  removes  farther  from  the  sun  than 
from  forty-live  degrees  to  forty-seven  degrees. 
If  its  enlightened  side  were  turned  towards 
us  when  it  is  nearest  the  earth,  it  would 
present  a  surface  twenty-five  times  larger 
than  it  generally  does,  and  shine  with  the 
splendour  of  a  small  moon ;  but,  at  that 
time,  its  dark  side  is  turned  to  the  earth. 
To  an  inhabitant  of  Venus,  Mercury  will  ap- 
pear as  a  morning  and  evening  star,  with 
more  splendour  than  it  does  to  us ;  and  the 
earth,  when  nearest  to  Venus,  will  shine 
forth  with  a  splendour  nearly  ten  times 
greater  than  either  Jupiter  or  Venus  does  to 
us.  This  planet,  like  Mercury,  sometimes 
makes  a  transit  across  the  disk  of  the  sun. 
The  last  transit  happened  in  1769,  and  the 
next  will  take  place  on  December  9,  1874, 
at  eight  minutes  past  four,  a.  m,,  which  will 
be  invisible  in  Britain,  and  in  most  European 
countries;  but,  as  it  is  a  phenomenon  of  great 
importance  in  astronomy,  British  astronomers 
will,  doubtless,  be  sent  to  observe  it  in  those 
countries  where  it  will  be  visible. 

This  beautiful  planet,  distinguished  from 
all  the  other  stars  by  its  superior  brilliancy, 
is  occasionally  alluded  to  by  the  sacred  wri- 
ters,  as  the  "  son  of  the  morning" — "■  the 
day  star,"  and  '^  the  bright  and  morning 
star :"  emblematical  of  the  Redeemer  of  man- 
kind, giving  hght  to  the  world  after  a  long 
night  of  superstition  and  darkness,  and  of 
its  cheering  influence  on  the  minds  of  sinful 
men,  when  the  "  day  star'*  from  on  high 
hath  arisen  in  their  hearts.  When  viewing 
the  bright  luminaries  of  the  sky,  and  especial- 
ly the  morning  star,  and  when  we  consider 
the  beautiful  order  and  arrangement  of  these 
orbs,  the  placid  influences  they  diffuse,  and 
the  harmony  with  which  all  their  movements 
are  performed,  a  contemplative  mind  can 
scarcely  refrain  from  contrasting  such  scenes 
with  the  darkness  and  disorder  which  prevail 
in  the  moral  world.  While  the  sun  diffuses 
his  splendours  by  day,  and  the  moon  and  the 
stars  shed  their  mild  radiance  by  night,  it  is 
still  necessary  to  the   happiness  of  our  world 
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that  intellectual  light  and  sacred  joy  should 
be  diffused  over  the  minds  of  its  inhabitants 
■ — of  which  the  light  of  these  luminaries  is 
designed  to  serve  as  an  emblem.  When  the 
morning  star  makes  its  appearance  near  the 
eastern  horizon,  it  is  a  sign  that  the  sun  will, 
ere  long,  arise,  and  that  the  darkness  of 
night  will  soon  be  dispelled.  When  the 
"  day  star"  arises  on  the  benighted  mind,  it 
intimates  that  gloom  and  darkness,  with  all 
their  accompaniments,  formerly  brooded  over 
it;  but  now  that  the  light  of, Divine  truth 
has  begun  to  irradiate  the  darkness,  it  a  sign 
that  this  light  will  still  increase,  and  shine 
more  and  more  unto  the  perfect  day,"  till  at 
length  it  blend  itself  with  the  glories  of  the 
celestial  world,  where  "  the  sun  shall  no 
more  go  down,"  where  the  Lord  God  shall  be 
an  everlasting  light,  and  where  the  days  of 
darkness  and  "  mourning  shall  be  ended." 


SECTioisr  IV. 

The  Earth  considered  as  a  Planetary  body. 

(l.) — General  vieiv  of  the  Earth^s  sur- 
face, atmosphere^  magnitude,  and  method 
of  finding  its  dimensions. — It  may  seem 
strange  to  some  readers  that  this  world  on 
which  we  reside  should  be  considered  a  planet- 
ary orb ;  as,  at  first  view,  it  appears  to  bear 
no  resemblance  to  any  of  the  orbs  that  appear 
in  our  nocturnal  sky.  'I'he  planets,  as  they 
are  seen  in  the  heavens,  by  the  unassisted 
eye,  appear  only  as  comparatively  small  points 
of  light ;  whereas  the  earth,  from  whatever 
point  it  is  viewed,  appears  the  largest  body 
our  eyes  can  any  where  behold,  and  when 
we  traverse  its  surface,  either  by  sea  or  land, 
there  appear  no  boundaries  to  its  dimensions. 
From  the  positions  in  which  we  are  permitted 
to  view  any  portion  of  the  earth — even  when 
vs^e  ascend  several  miles  above  its  surface  in 
balloons — it  exhibits  no  luminous  aspect  such 
as  that  which  the  celestial  bodies  present ;  so 
that,  at  first  view,  we  might  be  apt  to  sup- 
pose that  no  sirriilarity  can  exist  between  our 
sublunary  world  and  the  orbs  of  heaven. 
Besides,  the  celestial  orbs  are  apparently  in 
rapid  motion  from  one  region  to  another, 
while  the  earth,  as  a  whole,  appears  to  be  at 
rest  in  the  centre  of  the  celestial  motions. 
Whether  we  sit  in  our  apartments,  or  walk 
in  the  fields,  we  feel  no  motion  in  the  solid 
earth  which  supports  us,  and  are  apt  to 
imagine  that  the  portion  of  the  globe  on  which 
we  dwell  re  mams  invariably  in  the  same 
point  of  infinite  space.  We  perceive  no 
motions  connected  with  our  world  but  those 
which  are  produced  by  the  rivers,  the  ocean, 
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the  atmosphere,  and  subterranean  concussions, 
and  those  which  are  the  result  of  thts  various 
processes  of  the  arts — the  flux  and  reflux  of 
the  sea — the  flowing  streams — the  roaring 
cataracts — the  stormy  winds — the  waving 
forests — the  ships  moving  on  the  face  of  the 
deep — and  the  steam-carriages,  with  their 
hundreds  of  passengers  flying  along  the  rail- 
way course.  There  is  not,  perhaps,  one  out 
of  a  thousand  of  the  earth's  inhabitants  that 
has  the  least  conception  that — besides  every 
other  movement  of  which  he  is  susceptible — 
he  is  carried  along  through  the  regions  of 
infinite  space  with  the  rapidity  of  thousands 
of  miles  every  hour.  Yet  this  is  a  fact  which 
is  not  merely  probable,  but  certain,  and  can 
be  demonstrated  to  the  conviction  of  every 
one  who  is  willing  and  qualified  to  enter  in- 
to such  investigations. 

Could  we  take  our  station  on  the  surface  0/ 
the  moon,  we  should  behold  the  earth  hanging 
like  a  great  globe  in  the  firmament,  appearing 
with  a  surface  about  thirteen  times  larger  than 
the  moon  does  to  us,  and  turning  round  its 
different  sides  to  our  eye — sometimes  present- 
ing the  view  of  America  and  the  Pacific 
Ocean,  and  at  other  times  Asia,  Africa,  Eu- 
rope and  the  Atlantic — sometimes  appearing 
like  a  large  crescent,  or  half-moon,  and  at  other 
times  with  a  full  enlightened  hemisphere. 
Were  we  placed  on  the  surface  of  Venus,  we 
should  behold  the  globe  on  which  we  live  ap- 
pearing in  the  azure  sky  like  a  large  bright 
star,  as  that  planet  appears  to  us  when  an 
evening  or  morning  star  ;  and  the  moon,  which 
appears  so  large  in  our  firmament  would  be 
seen  only  like  a  very  small  star,  very  near  the 
earth,  and  constantly  moving  around  it.  At 
certain  times,  the  earth  would  appear  nearly 
ten  times  larger  than  Venus  does  to  us,  and 
would  present  the  appearance  of  a  small  bril- 
liant moon.  Were  we  placed  on  the  planet 
Mars,  which  is  much  further  from  the  sun 
than  Venus,  the  earth  would  appear  alternate- 
ly as  a  morning  and  evening  star,  exhibiting 
different  phases,  as  Venus  does  to  us,  but  with 
a  less  degree  of  size  and  splendour.  It  might 
not,  perhaps,  shine  with  so  much  brilliancy 
as  Venus,  but  it  would  probably  appear  with  a 
lustre  similar  to  that  which  Mars  presents  to 
us.  Nor  need  it  be  w'ondered  at  that  the  earth 
should  appear  as  a  luminous  body  from  such 
distant  positions  ;  for  we  have  demonstrative 
proof  that  Venus,  Mars,  and  all  the  other 
planets,  though  they  appear  like  shining  orbs, 
are  in  reality  dark  bodies  like  the  earth,  and 
have  no  light  of  their  own  but  what  they  re- 
ceive from  the  sun ;  and  it  is  only  when  the 
portions  of  their  sides  which  are  enlightened 
by  the  sun  are  turned  to  us  that  they  are  seen  in 
the  heavens.  On  some  occasions,  the  dark 
side  of  Venus  is  completely  turned  towards 
4l3  (-953) 
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the  earth,  and  then  she  is  invisible  ;  and  some- 
times, when  in  this  position,  has  been  seen, 
hke  a  dark  spot,  to  pass  across  the  face  of  the 
sun.  These  and  other  circumstances  demon- 
strate that  the  planets  are  in  themselves  dark 
bodies,  and  shine  only  by  reflection  ;  and  con- 
sequently that  the  earth,  though  a  dark  body, 
will  appear  to  shine  at  a  distance  by  reflecting 
the  solar  rays  which  fall  upon  it,  as  the  moon 
does  to  us.  We  have  already  proved,  that,  as 
a  planet,  the  earth  turns  round  its  axis  every 
twenty-four  hours ;  and,  in  the  sequel,  we 
shall  endeavour  to  show  that  it  also  moves 
round  the  sun  in  company  with  the  other 
planets.  In  the  mean  time,  we  may  take  a 
brief  view  of  the  surface  of  our  globe,  which, 
in  some  of  its  features,  may,  perhaps,  resem- 
ble those  of  some  of  the  other  planetary  worlds. 
When  we  cast  our  eyes  around  us,  and  take 
a  general  survey  of  the  surface  of  the  earth, 
thousands  of  objects  present  themselves  to  the 
viev/  which  demand  attention.  One  of  the 
most  obvious  and  common  arrangements  which 
we  behold  in  almost  every  country,  is  the 
verdant  covering  of  the  earth,  which  is  formed 
by  an  assemblage  of  herbs,  plants,  shrubs,  and 
trees  of  various  shades,  which  diversify  the 
landscape,  and  refresh  the  organs  of  vision; 
for  there  is  no  colour  so  pleasing,  and  which 
refreshes  the  eye  so  much  as  the  various 
shades  of  green.  When  we  enlarge  the  circle 
of  our  view  by  travelling  through  different 
countries,  we  behold  objects  of  a  more  grand 
and  magnificent  description  ;  ranges  of  moun- 
tains, hundreds  of  miles  in  length,  with  their 
summits  rising  above  the  clouds,  presenting  a 
Bcene  of  rugged  grandeur  and  sublimity ; 
rivers,  rolling  their  vast  masses  of  waters,  in 
courses  of  hundreds  or  thousands  of  miles 
towards  the  ocean,  in  which  they  are  absorb- 
ed ;  the  ocean  itself,  in  its  numerous  windings, 
spreading  its  immense  sheet  of  waters  over 
more  than  half  the  globe,  rising  and  subsiding 
at  certain  intervals,  and  forming  a  medium  of 
communication  between  the  most  distant 
regions  of  the  globe.  In  various  regions  of 
the  earth,  we  behold  expansive  lakes  and  in- 
land seas  diversified  with  numerous  islands, 
lofty  and  abrupt  precipices,  capes,  and  prom- 
ontories, dashing  cataracts,  unfathomable  cav- 
erns, rapid  whirlpools,  avalanches  hurling 
down  the  declivities  of  lofty  mountains,  the 
icebergs  of  the  polar  regions,  the  luxuriant 
scenes  of  the  torrid  zones,  and  numerous  vol- 
canoes surrounded  with  smoke,  and  pouring 
forth  from  their  craters  ashes,  flames,  red-hot 
stones,  and  streams  of  melted  lava  on  the  sur- 
rounding regions. 

•  When  we  contemplate  our  globe  in  its 
largest  and  most  general  features,  we  find  its 
surface  divided  from  north  to  south  by  two 
'large  bands  of  earth,  and  two  still-larger  bands 
(954) 


of  water,  which  exhibit  a  somewhat  irregular 
appearance,  presenting  a  number  of  waving^ 
and  indentations,  and  a  great  difference  of 
breadth  in  different  places.  The  first  band  of 
earth  is  the  Eastern  Continent,  comprehend- 
ing  Europe,  Asia,  and  Africa,  the  greatest 
length  of  which  is  in  a  line  beginning  about 
the  northern  part  of  Tartary,  and  extending 
to  the  Cape  of  Good  Hope,  or  from  A  to  B, 
fig.  31,  which  line  measures  about  10,000 
miles  from  north-east  to  south-west.  This 
body  of  land  contains  thirty-six  millions  of 
square  miles,  forming  nearly  one -fifth  of  the 
surface  of  the  terraqueous  globe.  The  other 
band  of  earth  is  the  Western  Continent 
which  comprehends  North  and  South  Ame 

Fig.  31. 


fica.  Its  greatest  length  is  in  a  line  from  the 
mouth  of  the  river  Plata,  in  South  America, 
to  the  land  beyond  Hudson's  bay,  or  from  C 
to  D.  This  line  measures  eight  thousand 
miles;  and  the  whole  of  this  continent  con- 
tains fourteen  millions  of  square  miles,  being 
little  more  than  one-third  of  the  western  con- 
tinent. South-east  of  the  vi^estern  continent 
is  a  large    body  of  land,  which  may  be  coD"' 
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sidered   as  a  third  continent ;  namely,  New  giving  play  to   the  animal  functions.      This 

Holland,  which  is  2400  miles  in  length,  and  atmosphere,  though  almost  impalpable  to  our 

1800    in  breadth,  and  contains  nearly  three  senses,  is  now  ascertained    to  be  a  compound 

miUions  of  square  miles.     Besides  the  bands  substance,  composed  of  two  very  different  and 

of  earth    now   specified,  there   are   numerous  almost  opposite  substances,  as  to  their  quali- 

extensive  portions  of  land  dispersed  t-hrough-  ties.      One   of  its  ingredients,  which    forms 

out  the   ocean,  such  as  the  islands  of  Mada-  about  four-lifths  of  the  whole   atmosphere,  is 

gascar,  Sumatra,  Borneo,  New  Guinea,  Great  of  such  a  nature  that  no  fire  will    burn   in  it, 

Britain,  Ireland,  and  hundreds  of  others.  and  if  man  or  other  animals  breathe  it,  hfe   is 

Between    the    two    large    continents    now  almost   instantly   extinguished.      The    other 

stated,  lie  two  immense  bands  of  water,  which  ingredient,  which  forms  only  one-fifth  of  the 

are  called  the  Pacific  and  the  Atlantic  oceans,  atmosphere,  is  the  principle  of  combustion, 

The  Pacific  is  at  least  11,000  miles  from  north  and  produces  the  most  rapid  and  splendid  de- 

to  south,  and  10,000  miles  in  breadth  from  east  flagration  of  all  combustible   substances,  and 

to  west.     The  Atlantic  is  about  3000  miles  even  a  steel  wire,   made   red   hot,  if  plunged 

broad  from  east  to  west,  and  more  than  10,000  into  this  species  of  air,  will  take  fire  and  burn 

miles  in  length  from  north  to  south.     It  lies  with  the  utmost  briUiancy.     Animals  might 

between   the  western  shores  of  Europe  and  breathe  it  for  some  time  without  much  annoy- 

Africa,  and   the  eastern    shores  of  America,  ance ;  but  it  would  soon  waste   the   functions 

The  Pacific  occupies  the  whole  range  between  .  of  the  animal  system.     It  is  by  an  admirable 

the  western  coasts  of  America  and  the  eastern  combination  of  these  two  opposite   principles 

coasts  of  Asia,  occupying  nearly  the  one-half  that  the  air  we  breathe  is  constituted  ;  and  in 

of  the  globe.     The  relative  positions  of  these  this  combination,   the  wisdom  and  goodness 

continents  and  oceans  will  be  seen  by  an  in-  of  our  beneficent  Creator  is  clearly  manifest- 

spection  of  fig.  31,  where  it  may  be  noticed  ed  ;  for  had  these  principles  been   combined 

that  the  projections  of  the  eastern  side  of  the  in  a  very  diflferent  proportion,  pain,  suflfoca- 

American   continent  nearly   correspond  with  tion,  or  death  might  have  been    produced  in 

the    identations   of  the    western    side    of  the  all  animals  that  breathed  it.     It  is  in  this  at- 

eastern  continent ;  so  that,  if  we  could  con-  mosphere   that  the   birds  fiy,  and  the  clouds 

ceive   the  two    continents    brought    together,  are  suspended — where   rain,   hail,   and  snow 

they  would  nearly  correspond,  so   as  to   form  are  formed — where   a   portion  of  the   ocean, 

one    compact    continent,   with    two    or  three  of  the  seas,  and   of  the  rivers,  is  continually 

small  gulfs  between  them.    The  following  are  ascending,  to  form  those  clouds  which  water 

nearly  the  dimensions  of  the  different  oceans,  and    fructify    the   earth — it   is    the    medium 

The  Pacific  covers  eighty  millions  of  square  in   which    whirlwinds    rage,    and    lightnings 

miles;  which  is  far  more  than  the  extent  of  flash,  and   thunders  roll;  and  were  it  swept 

all  the  dry  land  on  the  face  of  the  earth.  The  from  the  earth,  or  were  its  constituent  princi- 

Atlantic    covers    twenty-five    millions ;    the  pies   materially   changed,   every  living  being 

Indian  ocean  thirteen  millions;  the  Southern  would  soon  disappear  from  all  the   regions  of 

ocean    twenty-five    milhons ;    the     Northern  earth,  air,  and  sea.     Were  the   Creator  dis- 

ocean    five    millions ;  the  Mediterranean   one  posed  to  destroy  the   human  race  on  account 

million  ;  the  Black  Sea  170,000  square  miles  ;  of  their  transgressions,  he  has  only  to  extract 

the  Baltic  175,000;  the  North  Sea  160,000.  one   of  the   ingredients   which  compose  the 

And  if,  as  La  Place  has   estimated,  the  tides  atmosphere  which  surrounds  us,  and  the  aw- 

demand   an  average  depth  of  three  miles,  the  ful  catastrophe  is  at  once   accomplished  ;  so 

whole  ocean  will  contain  450  millions  of  cubic  that,  in  his  "  hand  is  the  soul  of  every  living 

miles.     The  whole  surface  of  the  ocean,  then,  thing,  and  the  breath  of  all  mankind."     But 

contains  about  149  milhons  of  square  miles,  his  forbearance,  in  this  respect,  is  a  palpable 

which  is  more  than  three   times  greater  than  evidence  that  he  is  "  slow  to  anger," '*  mer- 

the  surface  of  the  land,  which   contains  only  ciful  and  gracious,"  "  abundant  in  goodness, 

forty-nine  millions  of  square  miles.  and  that  "  his  tender  mercies  are  over  ail   his 

Around   this  vast  body  of  land  and  water  works." 

ihe  Creator  has   thrown   an  atmosphere,   or  In  regard  to  the  magnitude  of  the  earth,  it 

body  of  air,  which   is  as  essential  to  the  ex-  may  be  stated  that  its  circumference,  or  a  line 

istence  and  comfort  of  the  living  beings  that  going  quite  round  it,  measures  about  24,912 

dwell  on  its  surface,  as  any  other  arrangenient  miles  ;  and,  of  course,  its  diameter,  or  a  fine 

respecting  our  world.     The  denser  part  of  this  passing  from  one  side  to  another  through  its 

body  of  air  extends  to  the  height  of  about  forty-  centre,  measures  7930  miles,*  and  the  num- 
five  miles  above  the  surface  of  the  earth,  but 

its  density  gradually  decreases  in   proportion  *  As  the  circumference  of  a  circle  or  globe  is 

„,.^*1     ]  ^v,f^  ^»V,  v^^^u^v.   „^r.;^v,c.  .   O.T.1    ^*  found  by  mathematicians  to  bear  a  certain  definite 

as  we  ascend  mto  lis  higher  regioris  ;  and  at  p^^p^^tion    to    the    diameter^when    the    one   is 

a  certain  height  it  is  unfit   for  respiration  and  known  the  other  is  easily  determined  by  calcula- 
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ber  of  square  miles  on  its  surface  is  about  1 97  When  the  earth  was  ascertained  to  be  near 
millions.  It  has  been  ascertained,  by  various  ]y  of  a  globular  figure,  and  when  the  method 
experiments  and  measurements,  that  the  earth,  was  discovered  of  finding  the  distance  of  any 
strictly  speaking,  is  not  exactly  of  the  shape  place  from  the  equator,*  or,  in  othei  words, 
of  a  globe,  hut  of  an  oblate  spheroid,  being  its  latitude,  a  foundation  was  laid  for  finding 
somewhat  flattened  at  the  poles,  and  having  the  circumference,  and  other  dimensions  of 
its  polar  diameter  about  twenty-six  miles  the  globe.  Every  circle,  or  every  circum- 
shorterthan  the  diameter  passing  through  the  ference  of  a  sphere,  whether  great  or  small,  is 
equator.  But  the  difi^erence  is  so  small,  com-  divided  into  360  equal  parts.  This  number, 
pared  with  the  whole  bulk  of  the  earth,  that  three  hundred  and  sixty,  is  arbitrary,  and  any 
though  a  spheroid  were  constructed  of  the  other  number,  such  as  four  hundred,  six 
exact  shape  of  the  earth,  and  fifteen  feet  in  hundred,  or  one  thousand,  might  have  been 
diameter,  it  could  not  be  distinguished  by  the  fixed  upon  ;  but  mathematicians,  in  most 
eye  from  a  common  globe.  countries,  have  fixed  upon  three  hundred  and 

To  some  readers  it  may  appear  somewhat  sixty  as  the  number  of  degrees  or  divisions  in 
strange  that  we  should  speak  with  so  much  a  circle ;  because,  in  the  first  place,  it  was 
confidence  of  the  bulk  and  dimensions  of  the  formerly  supposed  to  be  about  the  number  of 
world  we  live  in,  which  has  never  yet  been  days  in  a  year,  and  in  the  next  place,  because 
completely  explored  ;  and  they  may,  perhaps,  it  is  a  number  that  may  be  divided  into 
wish  to  know  how  it  is  possible  to  determine  halves,  quarters,  and  eighths,  without  frac- 
its  magnitude,  figure,  and  other  pt'operties  and  tions.  Now  in  order  to  obtain  the  dimen- 
relations.  It  must  be  confessed  that  to  mea-  sions  of  the  earth,  it  was  only  necessary  that 
sure  the  earth,  and  determine  its  magnitude,  one  degree  on  its  surface  should  be  accurately 
and  its  exact  figure,  is  one  of  the  most  won-  measured  in  order  to  obtain  the  whole  circum- 
derful  enterprises  which  has  ever  been  under-  ference.  To  accomplish  this,  we  must  draw 
taken  by  man.  How  shall  a  creature,  only  a  meridian  line — that  is,  a  line  that  runs 
six  feet  high,  whose  longest  measures  are  directly j;north  and  south,  at  any  place  we 
yards,  poles,  and  chains,  be  able  to  traverse  make  choice  of  for  the  first  station,  and  find 
every  region  of  this  great  world,  and  measure  the  latitude  or  height  of  the  pole  at  that  par- 
its  dimensions  1  His  stature  and  his  longest  ticular  place.  We  must  then  prolong  the 
measures  are,  when  compared  with  the  whole  meridian  line,  either  northwards,  till  we  come 
earth,  but  as  a  grain  of  sand  to  a  range  of  to  a  place  where  the  latitude  is  exactly  one 
mountains.  Besides,  there  are  portions  of  degree  more— or  southwards,  till  it  is  one 
the  earth  which  have  never  yet  been  reached  degree  less  than  at  the  first  station.  We 
either  by  sea  or  land  ;  and  although  he  were  must  then  measure  the  distance  between  these 
to  carry  his  measuring  lines  along  with  him,  two  places,  in  miles,  leagues,  yards,  or  any 
and  extend  them  to  furlongs,  miles,  and  other  known  measures;  and  then  we  obtain 
leagues,  yet  he  could  not  go  round  the  cir-  the  number  of  miles,  etc.,  contained  in  one 
cumference  of  the  earth  to  obtain  its  exact  degree,  or  the  three  hundred  and  sixtieth 
measure.  Mountains,  rivers,  seas,  and  oceans,  part  of  the  earth's  circumference ;  and  the 
and  many  other  obstacles  would  be  continual  number  of  miles,  etc.,  contained  in  one  de- 
impediments  in  his  way,  and  would  soon  put  gree,  being  multiplied  by  three  hundred  and 
an  entire  stop  to  his  progress,  and  the  attain-  sixty,  gives  the  whole  circumference  of  the 
ment  of  his  object.  But,  notwithstanding  earth.  And  when  the  circumference  is  ob- 
such  difl[iculties,  man,  by  the  exercise  of  his  tained,  the  diameter  may  be  found  by  the 
rational  powers,  and  the  knowledge  he  has  rule  given  in  the  preceding  note,  (p.  41.) 
acquired  of  the  positions  and  motions  of  the  And  when  the  circumference  and  diameter 
heavenly  bodies,  has  been  enabled  to  deter-  are  known,  the  number  of  square  miles  on 
mine,  to  a  very  near  approximation,  the  exact  its  surface,  and  the  number  of  cubical  miles 
dimensions  of  his  earthly  habitation,  without  in  its  solidity  may  be  obtained  by  an  easy 
putting  himself  to  the  trouble  of  travelling  to  calculation.  But  although  one  degree  accu- 
the  most  distant  regions,  or  even  removing  rately  measured  would  determine  the  dimen- 
from  the  land  of  his  nativity.  sions    of    the   earth,   yet   more    accuracy    is 

obtained  by  measuring  three,  five,  eight,  or 
tion.  The  proportion  of  the  circumference  of  a  ten  degrees,  as  has  been  done  by  several 
circle  to  its  diameter  is  nearly  as  22  to  7— more    tti  %• 

accurately  as  3.1416  to  1.     Therefore,  if  we  multi-   -CiUl'opean  nations, 
ply  the  circumference  by  7,  and  divide  the  product 

by  22,  we  obtain  the  diameter,  nearly.  And  if  we  *  The  equator  is  a  great  circle  of  the  earth, 
multiply  the  diameter  by  22,  and  divide  by  7,  we  equally  distant  from  the  north  and  south  poles., 
obtain  the  circumference.  But  we  obtain  the  result  and  divides  the  globe  into  two  equal  parts  called 
more  accurately  by  multiplying  the  diameter  by  the  northern  and  southern  hemispheres.  From 
S. 1416,  in  order  to  obtain  the  circumference;  and  this  circle  the  latitudes  of  places  are  counted, 
by  dividing  the  circumference  by  3.1416,  to  obtain  either  northward  or  southward.  It  is  represented 
the  diameter  by  the  line  E  Q,,  in  fig.  31. 
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On  the  general  principle  now  stated,  Mr. 
Richard  Norwood,  in  the  3^ear  1635,  attempt- 
ed to  find  the  circumference  of  the  earth  by 
measuring  a  meridian  hne  between  London 
and  York.  He  took  the  sun's  altitude  when  it 
was  in  the  summer  solstice,  both  at  London 
and  York,  with  a  sextant  of  eight  feet  radius, 
and  by  that  means  found  the  difference  of 
latitude  between  these  two  cities  to  be  two 
degrees  and  twenty-eight  minutes.  He  then 
measured  their  distance,  in  as  exact  a  manner 
as  possible  ;  and  having  taken  into  the  account 
all  the  turnings  and  windings  of  the  road, 
with  the  ascents  and  descents,  he  reduced  it 
to  an  arc  of  the  meridian,  and  found  it  to 
contain  12,849  chains;  and  this  distance 
being  compared  with  the  difference  of  latitude, 
gave  5,209  chains,  or  367,200  English  feet  to 
a  degree,  which  is  equal  to  sixty-nine  and  a 
half  miles  and  fourteen  poles,  and  which  was 
considered  as  a  near  approximation  to  the 
truth,  according  to  which  the  circumference 
of  the  earth  would  be  about  25,035  miles. 
Since  his  time,  various  admeasurements  have 
been  made  of  different  parts  of  the  earth's 
surface,  from  which  its  extent  has  been  still 
more  accurately  ascertained.  The  French 
have  measured  a  meridian  line  extending 
from  Dunkirk  to  Formentara,  an  island  in 
the  Mediterranean,  an  extent  of  about  eight 
degrees ;  and  a  trigonometrical  survey,  for 
the  same  purpose,  under  the  direction  of  the 
British  government,  has  lately  been  extended 
over  Great  Britain.  From  all  the  admeasure- 
ments hitherto  made,  it  appears  that,  on  an 
average,  a  degree  of  the  meridian  may  be 
reckoned  at  sixty-nine  and  one-fifth  Enghsh 
miles ;  which  makes  the  circumference  of  the 
globe  24,912  miles.  It  may  just  be  noticed 
farther  on  this  point,  that,  as  the  earth  is  not 
an  exact  sphere,  but  a  spheroid,  a  degree  of 
latitude  must  measure  more  in  the  polar  re- 
gions than  near  the  equator.  From  actual 
measurements  it  has  been  found  that  a  de- 
gree of  the  meridian  in  Lapland,  measures 
six  and  a  half  English  furlongs  more  than  a 
degree  at  the  equator. 

(2.)  Pivofs  of  the  annual  motion  of  the 
Earth. — We  have  formerly  demonstrated  the 
the  diurnal  rotation  of  the  earth  which  causes 
the  appearance  of  the  rising  and  setting  of  the 
sun,  moon,  and  stars.  We  now  proceed  to 
state  very  briefly  some  of  those  considerations 
or  arguments  by  which  it  is  proved  that  the 
earth  revolves  round  the  sun,  as  the  centre  of 
the  system,  once  every  year. 

In  the  first  place,  there  are  certain  general 
considerations  that  render  it  highly  probable, 
if  not  certain,  that  the  earth  must  have  a 
motion  round  the  sun.  If  we  admit  the 
annual  motion  of  the  earth,  then  all  the  phe- 
nomena   of  the    heavens,  and   the   apparent 


irregularities  of  the  planetary  motions  are 
completely  accounted  for,  and  the  whole  sys- 
tem presents  a  scene  of  unity,  harmony,  and 
order,  worthy  of  the  perfections  and  the  plans 
of  Him  who  is  "  the  only  wise  God," — who 
"  hath  established  the  world  by  his  wisdom,  and 
hath  stretched  out  the  heavens  by  his  under- 
standing." Whereas  if  the  earth  be  supposed  at 
rest  in  the  centre  of  the  system,  the  order  and 
harmony  of  the  solar  system  appears  com- 
pletely destroyed,  the  motions  of  the  planets 
present  an  inextricable  maze,  their  phenomena 
cannot  be  accounted  for  on  any  rational  prin- 
ciples, and  no  evidence  of  wisdom  can  be 
traced  in  the  arrangements  of  the  system  to 
which  they  belong.  Again,  the  sun  is  the 
fountain  of  light  and  heat  for  irradiating  and 
cheering  all  the  planets  and  other  moving 
bodies  of  the  system,  and  therefore  it  is  ne- 
cessary that  this  luminous  orb  should  be  placed 
in  the  centre,  from  which  position  alone  its 
rays  can  be  distributed  in  proper  proportions 
to  all  the  worlds  which  revolve  around  it. 
Were  the  earth  at  rest  in  the  centre  of  the 
system,  and  the  sun  and  the  planets  revolving 
around  it,  as  was  formerly  supposed,  the 
planets  would  be  at  certain  times  at  very  dif- 
ferent distances  from  the  sun ;  and  conse- 
quently, in  one  part  of  their  orbits,  they  would 
be  scorched  with  superabundant  heat,  and  in 
another  part  frozen  with  insufferable  cold. 
But  from  the  centre  of  the  system  the  emana- 
tions of  light  and  heat  can  be  equally  distri- 
buted to  all  the  planets,  whether  primary  or 
secondary ;  and  the  whole  presents  to  view  a 
system  of  harmony  and  order. 

The  following  summary  of  arguments  on 
this  point — did  our  limits  permit  us  to  explain 
and  illustrate  them — would  appear  demon- 
strative to  every  one  who  is  acquainted  with 
the  subject.  1.  The  planets  Mercury  and 
Venus  are  observed  to  have  two  conjunctions 
with  the  sun,  but  are  never  in  opposition  to 
that  luminary,  that  is,  they  are  never  seen  in 
the  east,  or  opposite  part  of  the  heavens,  when 
the  sun  has  just  set  in  the  west.  Now  this 
circumstance  could  not  possibly  happen,  unless 
the  orbits  of  these  planets  lay  wiihin  the  orbit 
of  the  earth.  If  they  revolved  around  the 
earth  as  a  centre,  as  the  ancients  supposed, 
they  might  frequently  be  seen  in  opposition  to 
the  sun.  2.  The  greatest  elongation,  or  dis- 
tance, of  Mercury  from  the  sun  is  twenty-nine 
degrees  ;  and  the  greatest  elongation  of  Venus, 
or  the  distance  to  which  it  ever  recedes  from 
the  sun,  is  forty-eight  degrees,  which  corres- 
pond exactly  ^ith  the  distances  assigned  them 
in  the  system  ;  but  if  they  moved  round  the 
earth  as  a  centre,  they  would  sometimes  be 
seen  one  hundred  and  eighty  degrees  from  the 
sun, — a  circumstance  which  was  never  ob" 
served  either  in  ancient  or  modern  times. 
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3.  The  planets,  Mars,  Jupiter,  and  Saturn, 
and  all  the  other  superior  planets,  have  each 
their  conjunctions  with  the  sun,  and  opposi- 
tions to  hira,  which  could  not  be  unless  their 
orbits  were  exterior  to  the  orbit  of  the   earth. 

4.  In  the  arrangement  of  the  planets — accord- 
ing to  the  system  which  places  the  sun  in  the 
centre — they  will  all  be  sometimes  much 
nearer  the  earth  than  at  other  times  ;  and,  con- 
sequently, their  brightness  and  apparent  diam- 
eters will  be  proportionally  greater  at  one 
period  than  at  another,  which  corresponds 
with  every  day's  observations.  But  accord- 
ing to  the  system  which  places  the  earth  in 
the  centre,  their  apparent  magnitudes  should 
always  be  the  same,  which  is  contrary  to  fact ; 
the.  planet  Mars,  for  instance,  being  in  one 
part  of  its  course,  five  times  nearer  the  earth 
than  in  another,  and  consequently  appearing 
twenty-five  times  larger  in  surface.  5.  All 
the  planets,  in  their  movements  through  the 
heavens,  are  seen  sometimes  to  move  toward 
the  east,  sometimes  toward  the  west ;  and  at 
certain  points  of  their  orbits,  they  appear  fixed 
for  some  time  in  the  same  position  ;  all  which 
diversities  of  apparent  motion  are  the  neces- 
sary results  of  the  earth's  annual  motion,  and 
are  completely  accounted  for,  when  the  sun  is 
considered  as  the  centre  of  the  system,  and 
the  earth  as  revolving  between  the  orbits  of 
Mars  and  Venus.  But  they  are  altogether 
inexplicable,  on  the  supposition  that  the  earth 
is  at  rest  in  the  centre  of  the  system.  6.  When 
the  planets  Mercury  and  Venus  are  viewed 
through  good  telescopes,  they  are  found  to 
assume  different  phases,  in  diflferent  parts  of 
their  orbits,  sometimes  appearing  gibbous, 
sometimes  like  a  half-moon,  and  at  other  times 
like  a  crescent,  of  a  full  enlightened  hemi- 
sphere— as  formerly  explained  ;  which  could 
never  happ&n,  if  they  revolved  round  the  earth 
as  their  centre,  and  if  the  earth  were  not 
placed  in  an  orbit  exterior  to  that  of  Venus. 
But  such  phases  are  the  necessary  result  of  this 
position  of  the  earth  in  the  solar  system. 
7.  The  law  discovered  by  Kepler,  that  "  the 
squares  of  the  periodic  times  of  the  revolu- 
tions of  the  planets  are  in  proportion  to  the 
cubes  of  their  mean  distances  from  the  sun," 
is  a  law  which  is  established  on  the  most  ac- 
curate observations,  and  by  which  all  the 
planets  both  primary  and  secondary  are  regu- 
lated. For  example,  Venus  revolves  round 
the  sun  in  224  days,  and  the  earth  in  365,  and 
the  mean  distance  of  the  earth  from  the  sun 
is  ninety-five  millions  of  miles.  Hence,  as  the 
square  of  365  =  133,225,  is  to  the  square  of 
224=50,176,  so  is  the  cube  of  95,000,000  = 
857,375,000,000,000,000,000,000,  to  a  fourth 
number,  which  is  the  cube  of  the  mean  dis- 
tance of  Venus  from  the  sun.  And  if  the 
cube  root  of  this  number  be  found,  it  will  give 
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about  sixty-eight  millions  of  miles  for  her  rea 
mean  distance.  But  this  law,  which  applies 
to  all  the  heavenly  bodies  without  exception, 
is  completely  set  aside  and  destroyed,  were  the 
sun  and  planets  to  be  considered  as  moving 
round  the  earth  as  the  centre  of  their  motions. 
In  short,  were  we  to  suppose  the  earth  at  rest 
in  the  centre  of  the  planetary  system,  the 
motions  of  all  the  planets  would  present  a 
scene  of  inextricable  confusion— a  scene  of 
such  disorder  and  confusion,  as  would  puzzle 
not  only  man,  but  the  most  intelligent  arch- 
angel to  account  for,  and  to  explain  in  con- 
sistency with  the  perfections  of  a  Being  of 
infinite  wisdom  and  intelligence.* 

The  most  complete  and  sensible  demonstra- 
tion of  the  annual  motion  of  the  earth  is 
furnished  by  Dr.  Bradley's  discovery  of  "the 
aberration  of  the  light  of  the  fixed  stars." 
In  endeavouring  to  determine  the  annual 
parallax  of  the  stars,  he  discovered  that  they 
are  not  motionless,  but  that,  during  the  time 
the  earth  takes  to  traverse  its  orbit,  such  of 
them  as  are  in  a  plane  perpendicular  to  this 
orbit,  appear  to  describe  circles.  This  is  the 
phenomenon  called  "  the  aberration  of  light,'' 
which  is  found  to  be  the  motion  of  fight  com- 
bined with  the  progressive  motion  of  the  earth 
in  its  orbit,  which  causes  the  stars  to  be  seen 
in  a  different  position  from  what  they  would 
be  if  the  eye  were  at  rest.  But  as  the  ex- 
planation of  this  phenomenon  would  require 
some  minute  details,  and  several  figures  for 
its  illustration,  and  as  it  might  not  be  under- 
stood by  general  readers,  we  will  defer  in  the 
mean  time  from  entering  upon  any  further 
statements.  We  may  just  remark,  that  the 
fact  of  the  aberration  of  the  stars  exhibits  the 
motion  of  the  earth  to  our  senses  as  clearly  as 
if,  from  a  fixed  point  in  the  heavens,  we  actual- 
ly beheld  it  pursuing  its  course  through  the 
ethereal  regions. 

It  is  of  importance  that  we  acquire  clear 
and  convincing  views  on  this  subject,  in  order 
that  we  may  entertain  correct  and  honourable 
conceptions  of  the  perfections  of  the  Creator, 
and  of  the  wisdom  and  intelligence  displayed 
in  the  arrangements  of  his  works.  For,  in 
all  cases,  we  judge  of  the  character  and  per- 
fections of  the  designer  and  workman  from 
the  qualities  and  perfections  which  appear  in 
their  works.  If  we  view  the  works  of  the 
Almighty  through  a  distorted  medium,  we 
shall  be  apt  to  entertain  incorrect  and  distort- 
ed views  of  the  attributes  of  Him  who  de- 
signed   and   formed    them.     If  we  view   the 

*  Those  who  would  wish  to  see  a  full  illustration 
of  the  above  arguments  are  referred  to  '*  Celestia' 
Scenery,  or  the  Wonders  of  the  Planetary  System 
Displayed  ;"  where  these  and  several  other  argu- 
ments are  illustrated  in  minute  detail,  and  by 
reference  to  engravings. 
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eartli  as  at  rest  in  the  centre  of  creation,  and 
the  sun,  moon,  planets,  comets,  and  stars — in 
other  words,  the  whole  universe — revolving 
around  us  every  day,  with  motions  so  rapid  as 
to  exceed  all  calculation  and  comprehension ; 
or  if  we  suppose  the  planets  moving  back- 
wards and  forwards  without  any  order,  an-d 
presenting  in  their  motions  a  series  of  looped 
curves  and  mazes  without  any  marks  of  de- 
sign, and  exhibiting  a  scene  of  inextricable 
confusion  ;  we  should  scarcely  be  led  to  en- 
tertain high  and  honourable  conceptions  of  the 
wisdom  of  Him  who  formed  such  arrange- 
ments ;  for  the  marks  of  Divine  intelligence, 
on  such  suppositions,  would  nowhere  appear. 
Whereas,  in  the  true  system  of  the  universe 
which  science  has  laid  open,  the  marks  of 
wisdom  and  intelligence,  harmony  and  design, 
are  every  where  apparent,  and  present  a  scene 
of  operation  worthy  of  the  perfections  of  Hins 
who  "established  the  world  by  his  wisdom," 
and  whose  "  understanding  is  infinite."  Hence 
the  necessity  of  acquiring  correct  views  of  the 
works  of  creation  and  providence,  and  of  the 
arrangements  which  exist  in  reference  to  our 
world,  and  to  the  universe  around  us;  for  upon 
such  views  our  conceptions  of  the  great  ob- 
ject of  our  adoration  will,  in  a  great  measure, 
depend.  When,  therefore,  we  obey  the  Divine 
command  and  "  lift  up  our  eyes  on  high,  and  be- 
hold the  wonders  of  Almighty  Power,"  and 
"  stand  still  and  consider  the  wonderful  works 
of  God,"  we  are  to  contemplate  ihem,  not 
through  the  mists  of  ignorance,  or  vulgar 
prejudice,  nor  with  the  vacant  stare  of  a 
savage ;  but  with  the  eye  of  a  Christian  phi- 
losopher, and  through  the  light  which  modern 
science  has  diffused  over  the  wonders  of  crea- 
tion ;  and  the  more  we  contemplate  them  in 
this  light,  the  more  clear  and  expansive  will 
our  conceptions  be  of  the  attributes  of  the 
"  high  and  lofty  One  whoinhabiteth  eternity," 
and  who  presides  over  all  the  movements  of 
the  universe. 

(3.)  Phenomena  arising  from  the  annual 
motion  of  the  earth, — In  the  first  place,  if  the 
earth  revolve  around  the  sun  once  every 
year,  it  is  evident  that  the. sun  will  appear  to 
make  a  revolution  round  the  heavens  in  the 
same  period.  In  fig.  32,  let  S  represent  the 
sun  at  rest  in  the  centre,  and  A  B  G  D  the 
earth  in  four  positions  ;  and  let  us  suppose 
the  earth  to  move  in  the  order  of  the  letters 
A  B  G  D  ;  it  is  evident  that  when  the  earth  is 
at  A,  the  sun  will  appear  in  that  part  of  the 
heavens  where  the  stars  at  G  are  situate. 
When  the  earth  has  moved  to  B,  the  sun 
will  appear  to  have  moved  to  the  stars  oppo- 
site H ;  and  in  hke  manner,  when  the  earth 
has  moved  to  G,  the  sun  will  appear  opposite 
to  E  ;  and  when  it  has  moved  to  D,  the  sun 
will  appear  at  F;  after  which  it  will   again 


appear  at  G,  when  the  earth  has  moved  to  A. 
And  as  the  earth  revolves  around  the  sun  in 
the  orbit  A  B  G  D,  so  the  sun  will  appear  to 
a  spectator  on  the  earth  to  describe  the  circle 
in  the  heavens  E  F  G  H.     Hence  it   is  that 

Fig.  32. 


we  see  the  sun  gradually  proceeding  in  his 
course  round  the  concave  of  the  sky  from 
west  to  east  at  the  rate  of  nearly  one  degree 
every  day,  through  the  twelve  signs  or  con- 
stellations of  the  zodiac  ;  and  at  the  end  of  a 
year  he  returns  to  the  same  point  from  which 
he  set  out.  Hence  also  it  follows,  that  if  the 
plane  of  the  earth's  orbit  be  imagined  to  be 
extended  to  the  heavens,  it  would  cut  the 
starry  firmament  in  that  very  circle  in  which 
a  spectator  in  the  sun  would  see  the  earth  re- 
volve every  year,  while  an  inhabitant  o.f  the 
earth  would  observe  the  sun  to  go  through 
the  same  circle  in  the  same  space  of  time. 
This  circle  is  called  the  Ecliptic,  or  the 
apparent  path  of  the  sun  through  the  heavens. 
And,  although  the  path  of  the  sun,  and  the 
particular  stars  he  is  passing  along,  cannot  be 
seen  in  the  daytime,  yet,  from  observing  the 
stars  that  are  directly  opposite  to  him  at 
night,  we  can  tell  at  any  time  what  particular 
stars  the  sun  is  passing  along  in  every  part 
of  his  course. 

The  inhabitants  of  all  the  other  planets 
will  perceive  similar  motions  in  the  sun  as  we 
observed,  but  performed  in  different  periods 
of  time,  according  to  the  times  of  their  annual 
revolutions.  For  example,  an  inhabitant  of 
Jupiter  would  see  the  sun  apparently  revolv- 
ing around  him,  describing  a  circle  in  the 
heavens  in  the  space  of  twelve  years.  This 
circle  would  not  be  exactly  the  same  as  our 
ecliptic,  because  the  orbit  of  this  planet  is 
somewhat  inclined  to  the  orbit  of  the  earth  *, 
but  it  would  pass  very  near  it.  In  the  coursfs 
(959) 


Hosted  by  Google 


46 


THE  SOLAR  SYSTEM. 


of  one  of  our  years  the  sun,  from  Jupiter, 
would  appear  to  pass  through  only  a  twelfth 
part  of  the  circumference  of  the  heavens.  The 
sun  from  Saturn  will  appear  to  move  in  ano- 
ther circle  in  twenty-nine  years  and  a  half; 
and  a  spectator  in  Venus  will  see  the  sun 
moving  in  a  circle  ditferent  from  all  these, 
with  greater  apparent  rapidity,  in  the  space 
of  seven  and  a  half  months.  All  these  appa- 
rent motions  of  the  sun  arise  from  the  real 
motions  of  the  respective  planets. 

In  the  next  place,  the  annual  revolution 
of  the  earth  shows  the  reason  why  we  be- 
hold one  set  of  stars  in  our  firmament  at  one 
season  of  the  year,  and  another  set  of  stars 
at  a  different  season.  For  example,  in  our 
latitude,  the  stars,  and  constellations  which 
are  seen  during  the  winter  months,  in  the 
south,  are  altogether  different  from  those 
which  are  seen  in  summer ;  and  those  stars 
which  surround  the  pole  in  the  north,  and 
which  never  set,  if  they  are  below  the  pole 
in  winter,  they  will  be  seen  as  far  above  the 
pole  in  summer.  At  the  equator,  where  all 
the  stars  rise  and  set,  the  stars  which  appear 
in  the  middle  of  winter  are  all  completely 
different  from  those  which  are  seen  at  the 
same  hour  in  the  middle  of  summer.  This 
is  easily  explained  by  the  preceding  diagram, 
(fig.  32,)  in  which  the  earth,  in  four  situa- 
tions in  its  orbit,  appears  half  enlightened 
and  half  in  the  dark,  representing  day  and 
night.  When  it  is  at  A,  the  sun  will  appear 
at  noon  at  G,  and  obscure  all  the  stars  in  the 
hemisphere  F  G  H  ;  whereas  at  midnight  the 
point  of  the  heavens  £)  will  be  in  the  meridian, 
and  all  the  stars  in  the  other  hemisphere  F 
E  H  will  be  visible.  Three  months  after- 
wards, when  the  earth  comes  to  the  situation 
B,  the  sun  at  noon  will  be  seen  at  H,  and  all 
the  heavens  G  H  E  will  be  day,  illuminated 
by  the  sun  ;  and  over  all  the  other  half,  E  F 
G,  the  stars  will  shine  at  night.  Conse- 
quently, the  stars  in  the  quarter  F  G  will  now 
be  visible,  which  in  the  former  position  were 
obscured  by  the  sun,  and  those  in  the  quarter 
H  E,  formerly  visible,  will  become  obscured 
by  daylight.  In  like  manner,  when  the  earth 
is  at  C  the  heavens  H  E  F  will  be  day,  and 
F  G  H  night,  where  all  the  stars  which  were 
obscured,  when  the  earth  was  at  A,  will  now 
be  visible.  And,  lastly,  when  the  earth  is  at 
D,  the  stars  and  constellations  in  the  hemi- 
sphere E  F  G,  will  be  obscured  by  the  light 
of  the  sun,  and  those  on  G  H  E  will  be 
visible  during  the  night.  Hence,  every  one 
who  is  accustomed  to  look  at  the  heavens 
will  have  observed  that  the  bright  constel- 
lation Orion,  the  brilliant  star  Sirius,  which 
follows  it,  and  the  Pleiades,  or  seven  stars, 
which  are  visible  in  the  southern  part  of  the 
firmament,  during  winter  and  the  approach 
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of  spring,  are  never  seen  during  the  summer 
months,  because  the  sun  is  then  illuminating 
that  portion  of  the  heavens  where  they  are 
situate ;  but  they  may  be  seen  in  the  day- 
time by  means  of  equatorial  telescopes. 

(4.)  On  the  destination  of  the  earth, 
or  the  final  cause  of  its  creation. — In  the 
creation  of  the  mater.ial  universe,  the  Crea- 
tor must  have  had  some  grand  designs  in 
view,  besides  the  mere  formation  of  im- 
mense globes  of  matter  and  setting  them  in 
motion,  and  arranging  them  into  systems.  In 
so  far  as  we  are  able  to  penetrate,  it  appears 
demonstrable  that  matter  exists  chiefly,  if  not 
solely,  for  the  sake  of  sentient  and  intellectual 
beings.  This  evidently  appears  to  have  been 
the  chief  design  for  which  our  globe  was 
created;  and  we  have  the  strongest  reason  to 
conclude  that  this  was  the  main  end  for 
which  all  the  other  planetary  globes  belonging 
to  the  solar  system  and  to  other  systems,  were 
brought  into  existence.  Hence  it  is  declared 
in  the  sacred  oracles,  when  reference  is  made 
to  the  formation  of  our  globe,  "  God  formed 
the  earth  and  made  it ; — he  created  it  not  in 
vain ;  he  formed  it  to  be  inhabited  ;"  which 
evidently  implies,  that  to  have  created  it  with- 
out the  design  of  its  being  inhabited,  would 
have  been  an  instance  of  folly  inconsistent 
with  the  perfections  of  him  whose  wisdom 
and  intelligence  are  infinite ;  and  the  same 
reasoning  will  apply  to  all  the  other  planets, 
which  appear  to  be  furnished  with  every 
accommodation  adapted  to  sensitive  and  intel- 
lectual enjoyment. 

In  peopling  the  earth  and  other  globes 
with  inhabitants,  the  Creator  evidently  in- 
tended to  give  a  display  of  his  perfections  to 
beings  capable  of  contemplating  it,  and  to 
promote  their  sensitive  and  mental  enjoyment. 
The  happiness  of  his  creatures  must  have 
been  one  grand  design  which  the  Creator  had 
in  view,  when  he  breathed  into  them  the 
breath  of  life,  and  made  them  rational  and 
immortal  beings.  Accordingly,  we  find  that 
when  man  was  at  first  placed  upon  this 
globe,  every  thing  that  was  beautiful  to  the 
eye  and  the  imagination,  and  pleasant  to  the 
taste  was  prepared  for  his  accommodation  and 
comfort.  The  waters  were  separated  from  the 
dry  land — the  earth  was  adorned  with  ver- 
dure— rivers  and  refreshing  streams  flowed 
around  him  to  increase  his  pleasures — trees, 
and  plants,  and  flowers  of  every  form  and  hue 
diversified  and  embellished  the  landscape. 
Light  was  formed,  and  celestial  luminaries 
appointed  to  diffuse  its  radiance — a  canopy 
was  thrown  around  his  habitation  adorned 
with  thousands  of  shining  orbs,  to  elevate 
his  contemplations  to  other  provinces  of  his 
Creators  dominions — every  plant  and  tree 
yielding  delicious  fruit  was  provided  to  gratify 
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his  taste  and  afford  him  sustenance  ;  and  all 
the  inferior  ranks  of  sensitive  existence  were 
placed  under  his  dominion.  One  chief  de- 
sign of  the  Almighty,  in  these  arrangements, 
was  to  show  man  his  dependence,  to  make  him 
an  adorer,  and  a  heing  capahle  of  knowing  and 
honouring  his  Creator  aaid  bountiful  Benefac- 
tor. He  gave  him  a  law  which  implied 
supreme  love  to  his  Maker,  and  obedience  to 
his  will ;  and  as  an  external  sign  of  his  obe- 
dience he  said  to  him,  "  Behold  all  the  trees 
of  the  garden  in  which  I  have  placed  thee ; 
of  every  one  of  them  thou  raayst  freely  eat — 
only  thou  shalt  forbear  eating  the  fruit  of  the 
tree  of  knowledge."  This  reserve — which 
has  been  so  frequently  objected  to — did  in 
reality  constitute  the  chief  glory  of  man. 
None  of  the  inferior  animals  knew  thir  origin 
or  their  Benefactor,  they  could  give  no  testi- 
mony of  gratitude,  nor  could  they  exhibit  any 
shadow  of  religion.  Man  alone  was  elevated 
to  a  rank,  and  endowed  with  faculties  so  as  to 
know  to  whom  he  is  indebted  for  all  his  en- 
joyments— and  he  alone  was  taught  to  ex- 
press his  gratitude  to  the  Giver  of  all  good  ! 
This  constituted  the  true  glory  of  man,  and 
his  superiority  over  all  the  other  tribes  of  sen- 
sitive existence.  It  was  a  great  and  honoura- 
ble prerogative  conferied  upon  him  to  be  able 
to  obey  his  Benefactor,  and  to  adore  the  hand 
which  had  loaded  him  with  blessings:  and 
therefore  it  was  proper  that  a  visible  emblem 
of  his  obedience,  or  the  contrary,  should  be 
continually  before  his  eyes.  The  supreme 
Creator  stood  in  no  need  either  of  the  fruit  of 
a  certain  tree,  or  of  the  opinions,  or  sentiments 
of  man  respecting  it.  But  it  was  fit  that  man 
should  make  an  express  profession  of  his 
gratitude  and  veneration  :  and  therefore  the 
sole  exception  which  God  made  in  his  first 
transaction  with  man,  was  at  once  the  memo- 
rial of  his  gratitude,  and  the  pubhc  expression 
of  his  piety  and  submission  to  the  Divine  will. 
But  we  know  that  man  did  not  remain  in 
his  primeval  state  of  innocence  and  happiness, 
but  by  his  disobedience  "  brought  death  into 
the  world,  and  all  our  wo."  For  proof  of 
this  position,  we  have  no  need  to  enter  into 
long  trains  of  reasoning,  or  even  to  appeal  to 
the  records  of  revelation.  The  fact  of  man's 
fall  and  disobedienci3  is  written  on  the  whole 
history  of  our  world  from  the  earliest  ages  to 
the  present  time.  For  what  does  the  history 
of  all  nations  chiefly  record  1  It  presents  to 
our  view  little  else  than  Vv^ars  and  commotions, 
contentions,  and  animosities,  and  "  garments 
rolled  in  blood."  One  nation  rising  up  against 
another,  carrying  fire  and  sword,  and  all  the 
engines  of  destruction  into  a  peaceful  territory 
— laying  waste  provinces,  burning  cities,  turn- 
ing fruitful  fields  into  a  wilderness,  and 
slaughtering,  with  diabolical  fury,  thousands 
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and  tens  of  thousands  of  their  feilow-men. 
This  has  been  one  of  the  chief  employmen's 
of  all  the  tribes  and  nations  that  have  ever 
dwelt  on  the  face  of  the  earth  ;  and  this  fact, 
of  itself,  is  a  sufficient  proof  that  man  is  no 
longer  in  his  primeval  condition  of  paradisai- 
cal innocence  and  rectitude,  but  is  fallen  from 
his  high  estate,  and  his  glory  turned  into 
shame.  We  trust  there  is  not  another 
instance  of  creatures  endowed  with  rational 
faculties,  and  formed  after  the  Divine  image, 
acting  in  this  way,  to  be  found  among  all  the 
other  worlds  of  the  universe.  And  were  we 
not  accustomed  to  witness  such  infernal  pas- 
sions and  atrocities,  and  to  behold  men  glory- 
ing in  that  which  is  their  shame,  we  should 
be  filled  with  utter  astonishment  and  wonder 
that  such  horrible  actions  should  be  perpetrat- 
ed on  each  other  by  brethren  of  the  same 
family,  children  of  the  same  Father,  and  being« 
destined  to  an  immortal  existence. 

But  the  benevolent  Father  of  all  did  not 
intend  that  this  moral  derangement  should  be 
universal  and  perpetual.  As  soon  as  man  had 
fallen  from  his  allegiance  to  his  Maker  he  dis- 
played his  character  as  a  God  of  mercy,  and 
ready  to  forgive.  He  declared  that  the  seed  of 
the  woman  should  bruise  the  head  of  the  ser- 
pent— that  an  illustrious  Messenger,  invested 
with  Divine  power  and  authority,  should  be 
sent  into  the  world  at  a  proper  time,  to  repair 
the  ruins  of  the  fall ;  "  to  finish  transgression, 
and  to  make  an  end  of  sins ;" — to  bear  the 
sins  of  many,  and  make  "  intercession  for  the 
transgressors."  Preparatory  to  the  advent  of 
this  Divine  Messenger,  certain  families  were 
selected  in  which  the  knowledge  of  the  true 
God  might  be  preserved — a  certain  nation, 
before  whom  astonishing  miracles  had  been 
displayed,  was  chosen  as  the  depository  of 
Divine  revelations — a  ceremonial  worship  was 
instituted,  prefigurative  of  the  events  and 
blessings  of  Messiah's  reign  ;  prophets  were 
raised  up  to  announce  the  coming  of  the 
Great  Deliverer,  and  the  glorious  results  of 
his  administration — the  events  of  Divine  Provi- 
dence towards  the  nations  were  overruled  and 
directed  in  such  a  manner,  as  to  bring  about 
the  advent  of  the  promised  Messiah  in  all  the 
circumstances  which  prophets  foretold,  and 
which  God  had  appointed ;  and,  when  the 
predicted  period  had  arrived,  a  retinue  of 
celestial  messengers  was  despatched  from  hea- 
ven to  earth  to  announce  the  appearance  of 
"  the  Son  of  the  Highest,"  of  the  increase 
of  whose  government  there  should  be  no  end, 
and  to  proclaim  "  glory  to  God  in  the  highest, 
and  on  earth  peace,  good-will  towards  men." 
And  when  this  Deliverer  appeared  on  the  pub- 
lic theatre  of  the  world,  he  exhibited  the  most 
convincing  proofs  of  his  Divine  mission  by 
the  most  astonishing  and  beneficent  miracles, 
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displaying  his  power  over  the  laws  antl  the  "  to  add  to  our  faith,  virtue,  knowledge,  tern-' 
elements  of  nature — the  spirits  of  darkness,  perance,  patience,  brotherly  kindness,  and 
and  the  disorders  of  the  human  frame — "heal-  charity,"  and  every  other  Christian  disposi- 
ing  all  manner  of  sickness  and  disease ;"  tion  and  virtue  which  will  tend  to  prepare  us 
causing  the  deaf'to  hear,  the  blind  to  see,  the  for  the  intercourses  and  employments  of  that 
lame  to  walk,  and  the  tongue  of  the  dumb  to  higher  sphere  of  existence  where  all  Is  peace, 
sing — raising  the   dead  to   life,  and  recalling  and  harmony,  and  love. 

the  departed  spirit  from  the  invisible  world.  One  reason  why  the  benevolent  arrange- 
And,  at  length,  when  the  great  Sacrifice  for  ments  which  have  been  made  for  the  happi- 
the  sins  of  men  was  about  to  be  offered,  a  ness  of  man  have  been  so  long  kept  hid  from 
series  of  the  most  august  and  striking  super-  the  greater  part  of  the  world,  and  mora!  evil 
natural  events  attended  its  accomplishment — -  has  been  permitted  to  abound,  doubtless  is, 
the  sun  was  clad  in  black,  the  heavens  were  that  an  extensive  and  impressive  display  might 
arrayed  in  sackcloth,  darkness  for  three  hours  be  given  of  the  dismal  and  miserable  conse- 
covered  the  whole  land,  the  veil  of  the  Jewish  quences  which  necessarily  flow  from  ref?ising 
temple  was  rent  in  twain  from  the  top  to  the  allegiance  to  the  Most  High,  and  from  a  vio- 
bottom,  the  earth  trembled  and  shook,  the  lation  of  his  laws — to  serve  as  a  warning  not 
ricks  rent  asunder,  the  graves  were  opened,  only  to  the  inhabitants  of  our  globe,  but  to 
and  many  bodies  of  saints  that  slept  in  the  the  inhabitants  of  other  worlds,  of  the  neces- 
tombs  arose  to  life.  On  the  third  morning  sity  of  submitting  to  the  will  of  the  Supreme, 
after  this  solemn  scene,  the  "Prince  of  Peace"  and  of  the  inevitable  disastrous  effects  which 
arose  victorious  from  the  grave,  showed  him-  flow  from  the  prevalence  of  moral  evil.  For 
self  openly  to  competent  witnesses  of  his  if  the  fundamental  laws  of  heaven — love  to 
resurrection ;  and  afterwards,  rising  above  the  God  and  to  man — were  to  be  reversed,  or 
confines  of  this  earthly  ball,  winged  his  flight  universally  violated,  misery  would  pervade 
on  a  resplendent  cloud,  attended  by  myriads  the  whole  moral  universe,  although  it  con- 
of  angels,  through  distant  regions  which  "  eye  sisted  of  millions  of  worlds;  and  happiness 
hath  not  seen,"  and  entered  into  heaven  itself  could  never  be  enjoyed  by  any  rank  of  intel- 
there  "  to  appear  in  the  presence  of  God  for  ligent  existence.  But,  however  dismal  a 
us."  scene  may  have  been  presented  to  view,  in  the 

In  consequence  of  these  astonishing  and  ages  that  are  past,  we  are  assured  that  a 
benevolent  arrangements,  all  men,  every  where,  period  is  approaching — foretold  by  inspired 
are  now  commanded  to  repent,  with  the  full  prophets — when  the  world  shall  be  regene- 
assurance  that  they  shall  obtain  pardon,  peace,  rated,  when  "  wars  shall  cease  even  to  the 
and  reconciliation,  and  every  blessing  requi-  end  of  the  earth;"  when  violence  and  op- 
site  for  their  happiness  in  the  present  world  pression  and  all  unrighteousness  shall  be 
and  in  the  life  to  come.  For  thus  runs  the  undermined  and  destroyed ;  when  "  the  king- 
message  of  the  Most  High  to  all  the  children  doms  of  this  world  shall  become  the  king- 
of  men:  "  God  so  loved  the  world,  that  he  doms  of  our  Lord,  and  of  his  Christ;"  wheia 
gave  his  only  begotten .  Son,  that  whosoever  "every  one  shall  sit  under  his  vine  and  fig" 
believeth  in  him  should  not  perish,  but  have  tree,"  without  the  least  fear  of  annoyance ; 
everlasting  life."  "  Whom  God  hath  set  when  "  the  earth  shall  be  full  of  the  know- 
forth  to  be  a  propitiation  through  faith  in  his  ledge  of  the  Lord,  as  the  waters  cover  the 
blood,  to  declare  his  righteousness  for  the  re-  sea,"  and  "  the  Lord  God  will  cause  righteou3» 
mission  of  sins."  "  This  is  the  record,  that  ness  and  praise  to  spring  forth  before  all  the 
God  hath  given  to  us  eternal  life,  and  this  life  nations."  Then  the  antipathies  of  nations 
is  in  his  Son."  These  announcements  are  shall  be  destroyed  ;  "the  earth  shall  yield 
made  to  all  the  inhabitants  of  this  world,  her  increase;"  its  desolate  wastes  shall  be 
however  vile,  and  however  atrocious  the  deeds  cultivated,  and  its  ruins  restored,  and  all  peo- 
they  may  have  committed — to  the  ferocious  pie  "shall  dwell  in  a  peaceable  babitatiois 
warrior  that  has  slaughtered  thousands,  and  and  in  sure  dwellings,  and  in  quiet  resting- 
to  those  who  have  long  wallowed  in  the  mire  places."  And  when  the  purposes  of  Divin© 
of  depravity  and  licentiousness,  as  well  as  to  Providence  shall  have  been  fulfilled  in  regard 
those  who  have  manifested  some  external  de-  to  the  present  state  of  our  globe,  its  constita- 
cency  of  conduct.  For  He  who  is  exalted  as  tion  shall  be  changed,  its  elementary  parts 
a  Prince  and  a  Saviour  "is  able  also  to  save  dissolved;  and  "new  heavens  and  a  new 
them  to  the  uttermost  that  come  unto  God  by  earth"  shall  arise  wherein  righteousness  shall 
him."  And  if  we  believe  the  record  of  God,  for  ever  dwell.  Such  is  the  destination  of  oar 
and  rest  upon  it  as  the  declaration  of  a  faith-  world,  and  such  are  the  arrangements  which 
ful  Creator,  we  shall  endeavour  "  to  abound  its  Creator  has  made  in  reference  to  its  inha» 
in  all  the   fruits  of  righteousness" — to   culti-   bitants. 

vate  love  towards   God   and   towards  man —        Some  readers  may,  perhaps,  be  disposed  t© 
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Bav,  "  What  has  all  this  theological  disser- 
tation to  do  with  astronomy  1  we  do  not  see 
that  it  has  any  connection  with  a  description 
of  the  solar  system."  On  this  point  we  beg 
leave  to  differ  from  such  objectors.  What  is 
the  materia!  universe,  when  separated  from 
its  reference  to  the  Creator,  and  its  relation 
to  intelligent  beings'?  A  mere  machine, 
which  displays  nothing  but  uncontrollable 
power  acting  at  random,  without  the  least 
trace  of  wisdom,  benevolence,  or  rectitude. 
To  view  the  planetary  system,  or  other  sys- 
tems, as  consisting  merely  of  a  number  of 
large  globes,  wheeling  round  their  axes,  and 
round  their  suns,  in  certain  periods  of  time,  is 
to  overlook  some  of  the  grandest  and  most 
interesting  objects  of  astronomy.  To  sup- 
pose all  the  orbs  of  heaven  to  be  self-existent 
and  self-moving  is  absurdity  and  atheism ;  and 
to  suppose  the  Creator  to  have  formed  them 
merely  as  so  many  august  and  splendid  pieces 
of  machinery,  without  any  relation  to  intel- 
lectual natures,  is  inconsistent  with  every  idea 
we  ought  to  form  of  the  attributes  of  the  Di- 
vinity, The  relation  of  the  material  system 
to  intellectual  beings  ought,  therefore,  to  be 
connected  with  astronomical  investigations. 
We  know  not,  indeed,  the  physical  and  moral 
characteristics  of  the  inhabitants  of  Venus, 
Jupiter,  or  other  planets  ;  but  we  know,  for 
certain,  that  if  they  be  in  a  state  of  primeval 
annocence  and  happiness,  they  obey  the  two 
grand  principles  of  the  law  prescribed  to  the 
inhabitants  of  our  world — "  Love  to  their 
Creator,  and  love  to  one  another,"  without 
the  observance  of  ivhich  precepts,  true  happi- 
ness cannot  be  enjoyed  in  any  world  in  the 
universe,  and  the  whole  material  creation 
would  be  nothing  else  than  a  boundless  Pan- 
demonium. We  know  that  these  precepts 
have  been  generally  violated  in  our  world  ; 
and  hence  the  wars,  devastations,  insurrec- 
tions, systems  of  oppression  and  iniquity,  and 
other  evils,  which  have  produced  so  much 
misery  and  wretchedness  among  the  popula- 
tion of  our  globe.  And  shall  it  be  considered 
as  improper  and  unphilosophical,  that,  in 
describing  the  material  fabric  of  the  world, 
those  arrangements  which  the  Almighty  has 
formed  for  the  regeneration  of  society,  and  the 
happiness  of  the  human  race,  should  be  occa- 
sionally adverted  to  and  detailed  1  We  must 
demur  to  such  a  sentiment.  Philosophy  has 
been  too  long  dissevered  from  its  connection 
with  religion — to  which  it  ought  ever  to  be 
allied ;  and  it  is  now  high  time  that  every 
department  of  human  knowledge  should  be 
studied  in  connection  with  the  moral  arrange- 
ments of  the  Almighty,  the  renovation  of  the 
wDrld,  and  the  eternal  destiny  of  man.  The 
sciences,  when  disjoined  from  such  connec- 
tions, lose  the  greater  part  of  their  value,  and 


can  be  considered  as  useful  only  m  reference 
to  the  concerns  of  this  world,  and  the  transi- 
tory duration  of  the  life  of  man.  Whereas^ 
when  studied  with  right  views,  and  in  all 
their  legitimate  connections  and  relations, 
they  bear  an  intimate  relation  to  the  Di- 
vinity, to  the  progress  and  expansion  of  the 
human  mind  to  other  worlds,  and  to  the 
scenes  and  employments  of  an  immortal  ex- 
istence. 

In  reference  to  the  earth,  we  shall  now  only 
state  the  following  circumstances :  The  num- 
ber of  inhabitants  which  people  the  earth  at 
one  time  is  estimated  at  eight  hundred 
millions — of  these,  five  hundred  millions  are 
reckoned  to  Asia ;  fifty-eight  millions  to 
Africa ;  forty-two  millions  to  America;  and 
two  hundred  millions  to  Europe.  Of  these 
assemblages  of  human  beings,  twenty-five 
millions  die  every  year,  sixty-eight  thousand 
every  day,  two  thousand  eight  hundred  and 
fifty  every  hour,  and  forty-seven  every  minute ; 
so  that  at  almost  every  pulse  that  beats  with- 
in us,  an  immortal  being  is  passing  from  time 
into  eternity,  from  this  visible  and  material 
world  to  another  scene  of  existence — a  solemn 
and  important  consideration  to  every  one  of 
us  who  must  shortly  follow,  in  our  turn,  the 
generations  that  have  gone  before  us.  If  we 
reckon  thirty-two  years  as  the  average  period 
for  a  generation,  as  has  been  generally  done 
— at  the  end  of  which  period  the  whole  hu« 
man  race  is  renewed,  with  a  few  exceptions ; 
it  will  follow,  that  one  hundred  and  forty-six 
thousand  two  hundred  millions  of  human  be- 
ings have  existed  on  our  globe,  since  its 
present  arrangement  commenced,  reckoning 
5849  years  from  the  formation  of  Adam  to 
the  present  time.  But  if  we  make  our  esti- 
mate according  to  the  Samaritan  and  the  Sep- 
tuagint  chronology,  7256  years  are  to  be 
reckoned  from  Adam  to  the  present  time  ;  and 
consequently,  if  mankind  had  never  died, 
there  would  have  been,  at  present,  on  the 
surface  of  the  globe,  182,800,000,000:  that 
is,  one  hundred  and  eighty-two  thousand 
eight  hundred  millions  of  human  beings. 
Whether  the  earth  would  have  furnished  sub- 
sistence for  such  a  population  is  left  to  Mal- 
thusians  and  political  economists  to  deter- 
mine. But  it  appears,  in  point  of  fact,  that 
the  Creator  never  intended  that  such  a  num- 
ber of  the  human  species  should  remain  on 
the  earth  at  one  time,  in  its  present  state ; 
though  it  might  easily  be  shown,  that,  were 
all  the  habitable  parts  of  the  globe  properly 
cultivated,  it  would  support  at  least  sixteen 
thousand  millions  of  human  beings,  or  twenty 
times  the  number  that  now  exist  on  its  sur- 
face, while  each  family  would  have  an  estate 
of  twelve  acres  of  land  for  its  support.  But 
the  inferior  tribes  of  animals  are   far  more 
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numerous  than  the  amount  of  all  the  human 
inhabitants  that  have  ever  dv^elt  on  the  earth, 
from  Adam  to  the  last  nevt^-born  child.  At  a 
rude  calculation,  the  inferior  tribes  connected 
with  the  air,  the  waters,  and  the  dry  land,  at 
one  time,  cannot  amount  to  less  than  thirty 
billions  of  living  beings;  which  is  164  times 
the  number  of  all  the  human  beings  that  have 
ever  appeared  on  the  earth.  As  one  instance 
out  of  many  of  the  immense  numbers  of  cer- 
tain species  of  animals,  we  may  mention 
what  Mr.  Wilson  states,  in  his  ''American 
Ornithology,"  that  a  single  flock  of  the  mi- 
gratory pigeon  of  the  United  States  was  found 
to  be  about  a  mile  in  breadth  and  240  miles 
in  length — having  occupied  four  hours  in 
passing  across  the  country  ;  which  flock,  by  a 
moderate  calculation,  was  estimated  to  contain 
two  thousand  two  hundred  and  thirty  millions, 
which  is  nearly  three  times  the  human  popu- 
lation of  the  globe. 

We  may  just  farther  make  the  following 
statements  in  reference  to  the  earth.  In  its 
course  round  the  sun,  it  moves  in  an  ellipti- 
cal orbit,  the  longer  diameter  of  which  is 
3,236,000  miles  greater  than  the  shorter,  and 
consequently,  it  is  nearer  the  sun  at  one  sea- 
son of  the  year  than  at  another.  The  time 
of  its  annual  revolution  is  365  days,  5  hours, 
48  minutes,  49  seconds,  which  is  called  the 
tropical  year;  but  the  time  it  takes  in  moving 
from  a  fixed  star  till  it  returns  to  it  again  is 
365  days,  6  hours,  9  minutes,  12  seconds, — 
which  is  called  its  sidereal  year.  With  re- 
gard to  the  density  of  the  earth,  it  is  found 
to  be  about  five  times  denser  than  water ;  so 
that  could  we  suppose  five  globes  as  large  as 
the  earth  composed  of  water,  suspended  at 
one  end  of  an  immense  balance,  and  the 
earth  at  the  other,  they  would  nearly  counter- 
poise  each  other. 


tain  number  of  hours,  sets  in  the  wester?^ 
quarter  of  the  heavens;  this  motion  is  not 
real,  but  only  apparent,  and  is  caused  by  the 
diurnal  motion  of  our  globe  from  west  to 
east.  The  real  motions  of  the  moon  are  as 
follows: — In  the  course  of  27  days,  7  hours, 
and  43  minutes,  the  moon  makes  a  progress 
through  the  ecliptic,  or  round  the  whole  hea- 
vens, from  west  to  east,  and  returns  to  the 
same  stars  from  which  she  set  out.  This  is 
called  her  tropical  revolution.  The  period 
from  one  new  moon  to  another,  or  from  one 
conjunction  with  the  sun  to  another — which 
is  29  days,  12  hours,  44  minutes,  and  2 
seconds,  is  called  her  synodic  revolution. 
The  reason  why  these  periods  are  different  is 
this:  at  new  moon,  the  sun  and  moon  are  in 
the  same  part  of  the  heavens:  but  by  the 
time  the  moon  has  returned  to  that  point — 
namely,  27  days,  7  hours,  43  minutes — the 
sun  has  proceeded,  in  his  apparent  course 
through  the  heavens,  twenty-seven  degrees 
farther  to  the  east,  and  is  still  going  on,  and  be 
the  moon  has  to  overtake  him  before  she  can 
be  again  in  that  position  which  is  called  new 
moon. 

Fig.  33  exhibits  some  of  the  motions  of  the 
moon  in  relation  to  the  earth  and  the  sun. 
The  small  circle  in  the  centre,  S,  represents 
the  sun  ;  the  circle  A  B  C  D,  the  earth's  or- 
bit, and  the  earth  in  four  different  positions. 
The  smaller  circle  M  n  o,  represents  the  or- 
bit of  the  moon  in  its  course  round  the  earth. 


Section  V. 
On  the  Moon. 

The  moon  is  the  nearest  of  all  the  celestial 
bodies  to  the  earth,  and  is  its  constant  attend- 
ant during  its  revolution  round  the  sun.  It 
belongs  to  that  class  of  bodies  called  second- 
ary planets,  or  satellites.  A  primary  planet 
is  one  which  revolves  around  the  sun  as  its 
centre :  a  secondary  planet  is  a  body  which 
revolves  around  a  primary  planet  as  its  cen- 
tre of  motion,  and  is  at  the  same  time  carried 
along  with  its  primary  around  the  sun. 

Motions  of  the  Moon. — The  moon  has  an 

apparent  motion  round  our  globe  every  day, 

somewhat  similar  to  that  of  the   sun.     She 

lisos  in  an  easterly  direction,  and,  after  a  cer- 
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Around  this  orbit  she  moves,  in  a  period  some- 
what less  than  a  month,  at  the  rate  of  2300 
miles  an  hour.  But  while  she  is  thus  carried, 
monthly,  around  the  earth,  she  is  also  carried 
forward  along  with  the  earth,  in  its  revolution 
round  the  sun.  For  example,  while  the  earth 
has  moved  from  B  to  A,  the  moon  has  made 
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Biore  than  three  revolutions  round  the  earth, 
and  at  the  same  time  has  moved,  along  with 
the  earth,  nearly  one  hundred  and  fifty  mil- 
lions of  miles,  or  the  fourth  part  of  the 
earth's  annual  circuit;  so  that  the  moon's  mo- 
tion through  space  is  much  more  rapid  than 
that  stated  above,  and  cannot  be  estimated  at 
less  than  70,000  miles  an  hour.  When  the 
earth  is  at  B,  in  the  position  marked  I,  and 
the  moon  at  M,  the  enlightened  side  of  the 
moon  is  turned  to  the  dark  side  of  the  earth, 
and  the  moon  is  in  the  position  wc  call  full 
moon,  the  whole  of  its  enlightened  surface 
being  then  turned  towards  the  earth.  When 
the  earth  is  at  D,  and  the  moon  in  the  posi- 
tion marked  3,  the  dark  side  of  the  moon  is 
turned  toward  the  earth,  and  she  is  conse- 
quently invisible.  This  is  the  position  of  new 
moon.  In  the  manner  now  described,  does 
the  moon  revolve  round  the  earth,  and  is  car- 
ried along  with  the  earth  round  the  sun,  from 
one  year  and  one  century  to  another;  and  has 
done  so  ever  since  she  was  aj)pointed  to  give 
light  to  the  earth,  and  "  to  rule  the  night." 
And  since  she  is  acted  upon  by  two  forces — 
the  attraction  of  the  earth  and  the  attraction 
of  the  sun,  which  sometimes  act  in  opposite 
directions — her  motions  are  very  irregular  ; 
which  renders  it  somewhat  difficult  and  te- 
dious to  calculate  her  precise  position  in  the 
heavens  at  any  particular  moment  of  time. 

Phases  and  general  appearances  of  the 
moon. — The  sun  always  enlightens  one-half 
of  the  moon  ;  and  sometimes  the  whole  of 
this  enlightened  side  is  turned  towards  the 
earth,  when  she  appears  a  round  luminous 
orb  :  but  this  happens  only  in  one  point  of 
her  orbit.  At  all  other  parts  of  her  course, 
only  a  portion  of  her  enlightened  hemisphere 
is  seen  from  the  earth ;  and  in  one  particular 
position  in  her  orbit,  her  enlightened  side  is 
altogether  invisible.  When  she  is  at  the 
change,  or  the  period  of  new  moon,  she  is  in- 
visible ;  both  because  she  is  in  the  same  part 
of  the  heavens  as  the  sun,  and  because  the 
whole  of  her  dark  hemisphere  is  then  turned 
to  the  earth.  After  this  it  is  generally  two 
days,  or  more,  before  any  part  of  her  enlight- 
ened surface  is  visible.  About  the  third  day 
after  the  change,  she  is  seen  in  the  western 
sky,  at  no  great  distance  from  the  point  at 
which  the  sun  set,  and  then  appears  under 
the  form  of  a  slender  crescent,  with  its  horns 
pointing  towards  the  east.  Next  evening, 
about  the  same  hour,  she  will  have  moved 
about  thirteen  degrees  farther  to  the  east,  and 
her  crescent  will  appear  to  have  increased 
somewhat  in  breadth.  Every  succeeding  night 
she  will  appear  to  have  moved  still  farther 
to  the  east,  while  her  crescent  is  still  in- 
creasing in  breadth  and  luminosity,  till 
about  the  eighth  day  from  the  change,  when 


she  appears  in  the  form  of  a  half-monn.  8ho 
is  then  about  ninety  degrees  from  the  sun, 
After  this  period,  still  proceeding  eastward, 
she  assumes  a  gibbous  phase,  till  she  arrive  at 
the  period  of  full  moon,  when  her  whole  en- 
lightened hemisphere  is  turned  toward  us; 
which  happens  on  the  fifteenth  day  after  the 
time  of  the  new  moon,  when  she  is  in  oppo- 
sition to  the  sun,  or  one  hundred  and  eighty 
degrees  distant,  and  rises  about  the  time 
when  the  sun  sets.  On  a  cloudless  night,  she 
then  displays  to  every  beholder  a  delightful 
and  magnificent  spectacle,  calculated  to  arrest 
the  attention  of  every  eye,  and  to  inspire  the 
soul  with  emotions  of  subHmity.  But  she 
does  not  remain  long  in  her  full-orbed  lustre  ; 
she  gradually  loses  a  portion  of  her  bright- 
ness, by  presenting  to  us  a  part  of  her  dark 
hemisphere.  She  again  appears  for  a  few 
days  in  a  gibbous  phase  ;  afterwards  she  as- 
sumes the  appearance  of  a  half-moon,  and 
then  that  of  a  crescent,  whose  horns  are  now 
turned  towards  the  w^est.  In  this  position  she 
is  seen  only  in  the  mornings  before  sunrise ; 
and,  in  a  few  days  afterwards,  she  is  in  con- 
junction with  the  sun,  when  her  dark  side  is 
again  turned  towards  the  earth.  All  these 
changes  are  accomplished  in  twenty-nine  days 
and  a  half. 

These  phases  are  more  particularly  repre- 
sented in  fig.  34,  where  S  represents  the  sun, 


E  the  earth,  and  A  B  C  D  F  G  H  I  the  moon 
in  different  parts  of  its  circuit  round  the  earth, 
with  its  hemisphere  turned  towards  the  suh 
fully  enlightened.  When  the  moon  is  at  A, 
its  enlightened  side  being  turned  to  the  su!i, 
its  dark  side  is  towards  the  earth,  and  weio  it 
4  M  2  (949) 
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then  visible,  it  would  appear  as  at  K,  in  the 
outer  circle;  but  it  is  never  visible  in  this 
position,  except  at  the  time  of  an  eclipse  of 
the  sun,  vi^hen  its  body,  either  in  whole,  or  in 
part,  interposes  between  us  and  the  sun. 
This  is  at  the  period  of  new  moon.  When 
the  moon  has  moved  from  A  to  B,  a  portion 
of  its  enlightened  surface  is  then  turned  to 
the  earth,  and  it  appears  as  a  crescent,  as 
represented  at  L  ;  when  arrived  at  C,  the 
one-half  of  its  enlightened  hemisphere  is 
turned  to  the  earth,  and  it  appears  in  the 
form  of  a  half-moon,  as  at  M ;  when  arrived 
at  D,  it  presents  a  gibbous  phase,  as  at  N  ; 
and  when  arrived  ai  F,  it  shines  in  all  its 
splendour  as  a  full  moon,  as  at  O.  After  this 
period  it  gradually  declines,  first  to  a  gibbous 
phase,  as  at  P  ;  next  to  a  half  moon,  as  at  R; 
then  to  a  crescent,  as  at  T ;  after  which  it 
arrives  at  its  former  position  at  A,  the  period 
of  new  moon  ;  when  it  is  again  invisible. 

How  the  earth  appears  to  the  inhabitants 
of  the  Moon. — We  have  now  seen  the  cause 
why  the  moon  presents  so  varied  appearances 
to  the  earth ;  let  us  now  consider  how  the 
earth  itself  will  appear  as  viewed  from  the 
surface  of  the  moon.  Could  we  take  a  view 
of  the  earth  from  one  of  the  mountains,  or 
plains,  of  the  moon,  we  should  find  that  it 
exhibits  the  same  changes,  or  phases,  that  the 
moon  does  to  us,  but  in  a  reverse  order.  For 
when,  at  new  moon,  the  dark  side  of  the  moon 
is  turned  toward  us,  the  whole  of  the  enlight- 
ened hemisphere  of  the  earth  is  then  turned 
towards  the  moon.  And  as  the  hemisphere 
of  our  globe  is  thirteen  times  larger  than  that 
of  the  moon,  it  will  present  in  the  lunar  fir- 
mament a  shining  orb  as  large  as  thirteen  of 
our  full  moons,  and  will,  therefore,  diffuse  a 
considerable  degree  of  lustre  in  the  absence 
of  the  sun.  That  the  earth  shines  with  a  full 
enlightened  face  upon  the  moon  at  the  period 
now  stated,  will  appear  from  the  preceding 
diagram,  fig.  34.  At  A,  the  moon  is  in  con- 
junction with  the  sun  as  seen  from  the  earth, 
and  its  dark  side  is  turned  towards  us  ;  but  it 
will  be  perceived  that,  at  that  time,  the  en- 
lightened side  of  the  earth,  E,  is  completely 
turned  towards  the  moon,  so  that,  while  she 
is  invisible  to  us,  our  globe  appears  in  its  full 
orbed  majesty  and  brightness  to  the  lunar  in- 
habitants. On  the  other  hand,  when  the  moon 
is  at  F,  when  it  is  full  moon  to  us,  the  dark 
side  of  the  earth,  E,  is  turned  towards  the 
moon,  and  is  consequently  invisible  to  the  in- 
habitants of  the  moon,  being  then  nearly  in 
the  same  part  of  the  firmament  as  the  sun. 
When  the  moon  is  increasing  to  us,  the  earth 
is  diminishing  in  its  illuminated  surface  to  the 
moon.  When  the  moon  is  at  B  in  its  increase, 
the  earth  appears  as  at  P ;  when  she  appears 
as  a  half-moon  as  at  M,  the  earth  appears  a 
(966) 


half- moon  in  the  decrease,  as  at  R  ;  and  whan 
she  increases  to  a  gibbous  phase  as  at  N,  the 
earth  has  decreased  to  a  crescent,  as  atT  ;  so 
that  the  phases  of  the  earth,  as  seen  from  the 
moon,  are  exactly  opposite  to  those  of  the 
moon  as  seen  from  the  earth. 

That  the  earth  actually  shines  upon  the 
moon,  and  illuminates  its  surface  as  the  moon 
does  that  of  the  earth,  is  proved  from  the  fol- 
lowing circumstance.  On  the  second  or  third 
day  after  new  moon,  when  she  appears  as  a 
slender  crescent,  we  perceive  a  faint  light  on 
the  dark  part  of  the  moon  which  is  not  en- 
lightened by  the  sun,  so  that  the  whole  hemi- 
sphere  of  the  moon  is  visible— one  part  faint 
and  the  other  bright.  This  is  perceptible  even 
by  the  naked  eye,  but  it  appears  pretty  vivid 
through  the  telescope  when  a  small  power  is 
applied,  so  that  many  of  the  principal  spots 
of  the  moon  maybe  distinctly  perceived.  This 
may  be  termed  the  "  moonlight  of  the  moon," 
as  the  earth  is  then  shining  upon  its  surface 
with  nearly  a  full-enlightened  hemisphere^ 
This  light  on  the  dark  side  of  the  moon  gra- 
dually decreases,  as  the  enlightened  part  of 
the  moon  increases,  because  the  enlightened 
portion  of  the  earth  is  at  the  same  time  di- 
minishing, so  that  its  efifect  is  not  much  per- 
ceived after  the  period  of  half-moon.  It  has 
been  sometimes  observed  that  a  brighter  re- 
flection proceeds  from  the  moon  when  the  con- 
tinental parls  of  the  earth  are  opposite  to  her 
than  when  the  Atlantic  or  the  Pacific  ocean  is 
in  the  same  position.  There  is  less  light  re- 
flected from  the  sea  than  from  the  land  upon 
the  moon,  and  therefore  it  is  natural  to  sup- 
pose that  when  the  hemisphere  of  the  eaith, 
which  contains  Europe,  Asia,  iVfrica,  and  New 
Holland,  is  shining  upon  the  moon,  a  consid- 
ably  greater  quantity  of  light  will  be  reflected 
on  her  surface  than  when  the  Pacific  ocean, 
which  covers  nearly  half  our  globe,  is  direct- 
ly opposite  to  her.  In  the  course  of  the  di- 
urnal rotation  of  the  earth  evavy  part  of  its 
surface  in  succession  will  be  presented  to  the 
moon  ;  and  therefore  it  vnW  appear  to  a  lunar 
inhabitant  with  different  degrees  of  brilhancy, 
at  different  times,  arising  from  the  circum- 
stances now  stated.     (See  fig.  31,  p.  40.) 

The  moon  always  presents  the  same  side 
to  the  earth,  so  that  we  never  see  its  oppo- 
site hemisphere.  This  circumstance  proves 
that  she  turns  round  her  axis  in  the  same 
time  she  takes  to  move  round  the  heavens.  If 
the  moon  had  no  motion  round  her  axis,  we 
should  see  both  her  hemispheres  in  the  course 
of  every  revolution  she  makes  round  the 
earth.  Whether  the  other  side  of  the  moon 
be  less  adapted  for  reflecting  light  than  that 
which  is  next  us,  or  whether  it  be  equally 
diversified  with  mountains,  caverns,  and 
plains,  we  have  no  opportunity  of  determin- 
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ing;  though,  reasoning  from  analogy,  we 
may  conclude  that  the  arrangements  of  na- 
ture m  that  hemisphere  are  not  essentially 
different  from  those  we  perceive  in  the  hemi- 
sphere presented  to  our  view. 

There  is  a  peculiar  appearance  which  may 
be  noticed,  that  the  earth  will  present  to  an 
inhabitant  of  the  moon,  and  it  is  this — that 
from  any  particular  spot  on  the  lunar  surface, 
the  earth  will  appear  in  a  fixed  position  in  the 
heavens,  without  any  apparent  motion.  To 
those  who  live  in  the  middle  of  the  hemi- 
sphere next  the  earth,  the  earth  wilt  appear 
as  a  large  globe  in  the  zenith,  or  point  directly 
above  their  heads,  sometimes  appearing  as  a 
half-moon,  a  crescent,  or  a  full-enlightened 
hemisphere,  and  sometimes  invisible,  but  al- 
ways in  the  same  position.  The  only  motion 
they  will  occasionally  perceive  is  the  earth's 
rotation,  which  they  will  observe  as  the  dif- 
ferent continents,  islands,  and  oceans  of  our 
globe  present  themselves  in  succession.  Those 
who  live  near  the  margin  of  the  moon's  hemi- 
sphere next  the  earth„  will  see  the  earth  near 
the  horizon,  and  it  wiU  never  appear  from 
such  places  in  a  more  elevated  position  in  the 
h.eaven^3.  Those  who  live  in  intermediate 
positions  v^ill  behold  the  earth  at  higher  or 
lower  elevations,  according  to  their  distance 
from  the  centre  of  the  hemisphere.  Ail 
these  appearances  necessarily  result  from  the 
circumstance  that  the  moon  al'vays  presents 
the  same  side  to  the  earth,  and  to  account  for 
such  phenomena  will  be  apt  to  puzzle  the 
lunar  astronomers.  Hence,  it  necessarily  fol- 
lows that  those  who  live  on  the  opposite  he- 
misphere of  the  moon  will  never  see  the  earth 
nor  enjoy  ils  light.  From  the  central  parts 
of  that  hemisphere,  an  astronomer — who  had 
beard  of  the  remarkable  celestial  phenomenon 
to  be  seen  in  the  other  hemisphere — would 
have  to  travel  more  than  1700  miles  before  he 
could  see  the  earth  emerging  from  the  hori- 
zon ;  and  in  order  to  behold  it  in  its  full  lus- 
tre, shining  directly  from  the  zeniih,  he  would 
have  to  travel  1700  miles  farther,  or  3400 
miles  in  all.  We  presume  that  there  are  few 
terrestrial  astronomers  who  would  grudge  to 
undertake  such  a  journey  were  they  to  behold 
a  resplendent  moon  hanging  in  the  vault  of 
heaven  in  another,  hemisphere,  which  is  alto- 
gether invisible  in  his  native  country.  Sir  J. 
Herschel,  in  order  to  explore  the  starry  re- 
gions in  the  southern  hemisphere,  undertook 
a  voyage  to  the  Cape  of  Good  Hope,  where 
he  remained  for  years,  and  brought  home 
some  interesting  pieces  of  inteUigence  from 
the  starry  regions. 

Distance  and  magjiitude  of  the  Moon.— 
The  moon,  though  the  nearest  celestial  body 
to  the  earth,  is  still  at  a  considerable  distance. 
This  distance  is  reckoned  to  be,  at  a  medium, 


about  237,000  miles,  or  about  thirty  times  tlie 
diameter  of  our  globe,  which  is  determined 
from  its  horizontal  parallax,  or  the  angle 
formed  by  a  line  drawn  from  the  centre,  and 
another  line  dravv^n  from  the  surface  of  the 
earth.  As  the  moon,  however,  moves  in  an 
elliptical  orbit,  she  is  sometimes  more  than 
240,000  miles  distant,  and  sometimes  consi- 
derably less  than  237,000.  Small  as  this  dis- 
tance is,  compared  with  that  of  the  other 
planets,  it  would  require  nearly  500  days,  or 
about  sixteen  months,  for  a  steam  carriage  to 
move  over  the  interval  which  separates  us 
from  the  lunar  orb,  although  it  were  moving 
day  and  night  at  the  rate  of  twenty  miles 
every  hour.  Although  the  apparent  size  of 
the  moon  is  equal  to  that  of  the  sun,  yet  the 
difference  of  their  real  bulk  is  very  great ;  for 
it  would  require  more  than  sixty-three  mil- 
lions of  globes  of  the  size  of  the  moon  to  form 
a  globe  equal  in  magnitude  to  that  of  the  sun. 
The  reason  why  the  sun  appears  so  small, 
when  he  is  in  reality  so  large  a  globe,  is  this 
— that  he  is  removed  ninety-five  millions  of 
miles  from  the  earth,  which  is  nearly  four 
hundred  times  farther  than  the  moon.  The 
diameter  of  the  moon  is  2180  miles,  which  is 
little  more  than  the  fourth  part  of  the  diame- 
ter of  our  globe,  and  consequently,  in  point 
of  solidity,  it  is  only  the  forty-ninth  part  of 
the  bulk  of  the  earth.  Its  surface,  however, 
contains  fifteen  millions  of  square  miles,  or 
about  one-third  of  the  habitable  regions  of 
our  globe  ;  and  were  it  peopled  as  densely 
as  England,  it  would  contain  a  population 
amounting  to  four  thousand  two  hundred 
milUons,  which  is  more  than  five  times  the 
population  of  the  earth.  The  circumference 
of  the  moon  is  6848  miles,  and,  therefore,  if 
a  railroad  were  formed  around  it,  its  inhabit- 
ants could  travel  completely  round  their  woy\A 
in  the  course  of  fourteen  of  our  days,  at  the 
rate  of  twenty  miles  an  hour ;  and  the  jour- 
ney could  be  so  arranged  that  they  might  en- 
joy uninterrupted  moonhght  from  the  earth 
in  one  part  of  it,  and  uninterrupted  sunlight 
during  the  other— an  advantage  which  we 
can  never  enjoy  in  our  terrestrial  region. 

Telescopic  appearance  of  the  Moon.— 
When  the  moon  is  viewed  with  a  good  tele- 
scope, the  lunar  surface  presents  a  very 
interesting  and  diversified  appearance.  Moun- 
tains  and  plains,  caverns  and  insulated  rocks, 
hills  and  plains  of  almost  every  shape,  di- 
versify every  portion  of  the  surface  of  the 
moon.  It  is  evident  almost  at  first  sight, 
that  the  moon  is  diversified  with  inequahties 
of  surface,  and  has  lofty  eminences  and  deep 
vales,  when  we  view  her  surface  with  a 
powerful  telescope,  when  she  appears  in  the 
form  of  a  crescent,  or  of  a  half-moon  ;  for 
then  we  perceive  the  boundary  between  the 
(967) 
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dark  and  enlightened  side — not  a  straight  cavities.  They  were  formerly  considered  as 
iine  or  a  regular  curve,  as  it  would  be  if  tne  seas,  or  large  collections  of  water,  but  there 
moon  were  a  smooth  surface — but  jagged  and  appears  no  evidence  that  seas,  or  any  large 
uneven,  somewhat  like  the  edge  of  a  coarse  collection  of  waters,  exist  on  the  surface  of 
saw.  Within  the  dark  portion  of  the  moon,  the  moon.  Besides  these  large  plains,  there 
adjacent  to  this  boundary,  bright  points  ap-  are  numerous  circular  plains  of  a  lesser  size, 
pear,  somewhat  like  stars,  which  are  evidently  of  all  dimensions,  from  two  or  three  miles  to 
the  higher  tops  of  the  lunar  mountains,  en-  thirty  miles  in  diameter,  surrounded  with  a 
lightened  by  the  sun  before  his  rays  can  reach  circular  ridge  of  mountains,  as  with  a  wall  or 
the  valleys,  just  as  we  find  that  in  our  globe,  rampart.  These  are  to  be  found  in  most  re- 
when  the  sun  is  rising,  his  beams  gild  the  gions  of  the  moon,  and  they  form  a  peculiar 
mountain  tops,  while  the  plains  and  valleys  feature  of  her  surface  altogether  different  from 
are  still  in  the  shade.  Shadows  of  different  what  obtains  on  our  globe.  2.  The  moon 
dimensions,  too,  are  to  be  seen  in  various  parts  displays  a  great  variety  of  mountain  scenery, 
of  the  enligtened  portion  of  the  moon,  indi-  In  the  first  place,  there  are  chains  of  mountains, 
eating  both  elevations  and  depressions.  which  run  in  a  right-lined  direction,  not  alto- 

gether unlike    those  which    exist 


Fig.  35. 


on  our  globe.  The  most  remark- 
able range  of  this  kind  is  that 
called  the  Apennines,  which  tra- 
verses a  portion  of  the  lunar  disk 
from  north-east  to  south-west, 
which  may  be  seen  to  advantage 
about  the  time  of  half-moon,  and 
a  day  or  two  afterwards.  It  rises 
with  a  precipitous  and  craggy 
front,  from  a  large  plain  called 
the  mai^e  imbrium,  extends  to  a 
great  length,  and,  in  some  places, 
rises  to  the  perpendicular  height 
of  four  miles.  This  is  most  pre- 
cipitous on  the  side  of  the  plain, 
and  gradually  slopes  off  with  its 
hundreds  of  peaks  to  the  op- 
posite declivity,  resembling  in 
some  degree  our  Andes  and  Hima- 
layas. \n  the  next  place,  there 
are  insulated  mountains,  or  peaks, 
or  mountains  in  the  shape  of  a 
sugar-loaf,  which  rise  directly  from 
the  plains,  and  are  altogether  un- 
connected with  any  ridge  or  group 
whatever.  Some  of  these  are  seve» 
ral  miles  in  perpendicular  altitude, 
and  their  shadows  thrown  opposite 
The  mountainous  regions  of  the  moon  are  the  sun  are  as  distinctly  seen  through  the 
arranged  in  a  very  different  form  from  those  telescope  as  the  shadow  of  a  gnomon  on  a  sun- 
of  the  earth.  There  are,  indeed,  some  dial.  They  bear  a  certain  resemblance  to 
mountain  ranges  on  the  lunar  orb  somewhat  the  Peak  of  Teneriffe,  and  Adam's  Peak  in 
resembling  our  Alp??,  and  Apennines,  and  the  island  of  Ceylon.  But,  in  the  third  ])lace, 
Andes;  but  one  of  the  distinguishing  features  the  chief  features  of  the  mountain  scenery  of 
of  the  moon  consists  in  hundreds  of  circular  the  moon  consist  in  those  circular  ranges  of 
ranges  of  mountains  surrounding  plains  of  mountains  which  occupy  nearly  one-half  of 
the  same  shape.  The  following  are  a  few  of  the  lunar  surface,  and  are  dispersed  in  all 
the  characteristic  features  of  the  lunar  surface,  directions.  In  some  cases,  they  appear  like  a 
1.  Plains  of  various  extent  and  peculiarities,  wall  of  sixty,  one  hundred,  or  one  hundred 
Some  of  these  plains  are  more  than  one  and  fitly  miles  in  circumference,  sun-ounding 
hundred  miles  in  diameter,  or  in  length  and  circular  plains  of  corresponding  extent.  In 
breadth.  They  present  a  darker  and  more  other  cases,  they  are  froni  five  to  ten  or  twelve 
sombre  appearance  to  the  eye  than  the  other  miles  in  diameter;  and  in  many  instances 
parts  of  the  lunar  surface,  and,  in  many  there  is  a  central  mountain  of  a  considerable 
instances,  thev  contain,  here  and  there,  deep  elevation,  which  rises  from  the  centre  of  the 
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circular  plain.  There  is  nothing  similar  to 
these  arrangements  in  any  part  of  our  terres- 
trial system.  The  lunar  mountains,  according 
to  Schroeter's  measurements,  are  of  ail  sizes, 
from  three  hundred  feet  to  five  miles  in  per^ 
pendicular  height.  3.  Another  singular  fea- 
ture of  the  moon's  surface  consists  in  those 
numerous  depressions,  or  cavities,  which  ap- 
pear on  almost  every  part  of  her  disk.  These 
cavities  are  circular,  and  hear  a  certain  re- 
semblance in  shape  to  an  egg  cup.  A  high 
annular  ridge,  marked  with  lofty  peaks  and 
small  cavities,  generally  encircles  them,  an 
insulated  mountain  frequently  rises  in  the 
centre,  and  sometimes  they  contain  smaller 
cavities  of  the  same  nature  as  themselves. 
These  hollows  are  most  numerous  in  the 
south-west  parts  of  the  moon,  and  from  this 
cause  it  is  owing  that  that  portion  of  the  lu- 
nar surface  is  more  brilliant  than  any  other 
portion  of  the  moon  ;  these  cavities,  along 
with  the  mountainous  ridges  which  encircle 
them,  reflecting  a  greater  quantity  of  light 
than  any  other  part  of  the  lunar  regions.  As 
to  their  dimensions,  they  are  of  all  sizes,  from 
three  miles  to  fifty  miles  in  diameter  at  their 
orifices,  but  they  generally  decrease  in  breadth 
towards  the  bottom.  Their  depth  varies  from 
about  one-third  of  a  mile  to  three  miles  and 
three  quarters  below  the  summits  of  the 
mountains  which  surround  them  ;  but  in  all 
cases  the  internal  depth  of  the  cavity  is 
much  lower  than  the  general  surface  of  the 
moon.  Of  this  feature  of  the  lunar  surface 
we  have  no  examples  in  any  part  of  our 
globe  ;  but  we  have  reason  to  believe,  from 
the  variety  which  exists  in  nature,  that  not 
one  world  in  the  universe  exactly  resembles 
another  in  its  particular  arrangements. 

The  following  figures  will  perhaps  convey 
a  rude  idea  of  some  of  the  objects  on  the  lu- 
nar surface  now  described.  Fig.  36  is  a  view 
of  the  brilliant  spot  called  Aristarchus,  which 
is  situate  in  the  north-east  quadrant  of  the 
moon's  surface,  where  the  shadows  of  the  cir- 
cular cavities  and  also  the  shadows  of  the 
jnountains  may  be  perceived.  Fig.  37  is 
the  spot  called  Hevclius,  which  contains  an 
annular  cavity,  and  a  broken  elevation  some- 
what resembling  an  egg.  Fig.  38  represents 
a  cavity  surrounded  by  a  circular  range  of 
mountains,  with  two  central  mountains  in  the 
middle  of  the  plain,  in  which  the  shadows  of 
one  side  of  the  circular  range  and  of  the  cen- 
tral mountains  may  be  seen.  Fig.  39  shows 
another  magnified  portion  of  the  moon's  disk, 
exhibiting  several  circular  plains,  cavities,  and 
other  varieties  of  the  lunar  surface. 

From  what  we  have  now  briefly  stated,  it 
is  evident  that  an  immense  variety  of  pictur- 
esque and  sublime  scenery  is  presented  to 
view  on  the  surface  of  the  moon,  and  could 
122 


we  conceive  ourselves  standing  on  some  of  her 
lofty  peaks,  her  circular  mountam  ridges^  or  on 


Fig.  37. 


Fig.  38. 


Fig.  39. 


the  summit  of  her  central  mountain,  we  should 
behold  a  much  greater  extent  of  prospect,  and 
an  assemblage  of  more  grand  and  sublime  ob- 
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jects  than  is  presented  to  our  view  in  any  of 
our  terrestrial  landscapes.  The  best  time  for 
viewing  all  the  varieties  of  scenery  on  the 
moon's  surface,  with  a  telescope,  is  about  the 
period  of  half-moon,  or  two  or  three  days  be- 
fore or  after  it,  at  which  times  the  shadows  of 
the  lunar  mountains  and  cavities  are  longest 
and  most  distinct.  At  the  time  of  full  moon, 
many  of  the  objects  described  above  cannot 
be  perceived,  as  the  sun  then  shines  perpen- 
dicularly upon  the  moon's  surface,  so  that  the 
shadows  of  the  different  objects  cannot  be  dis- 
tinguished. The  following  additional  particu- 
lars respecting  the  moon  may  be  stated. 

1.  The  length  of  a  lunar  day  is  equal  to 
nearly  fifteen  of  our  days,  and  the  length  of 
the  night  the  same,  so  that  a  day  and  night  in 
the  moon  is  equal  to  twenty-nine  days  and  a 
half,  or  one  lunar  month.  On  the  hemisphere 
next  the  earth,  there  is  moonlight  nearly  all 
the  time  the  sun  is  absent ;  but  in  the  other 
hemisphere,  in  the  absence  of  the  sun,  there  is 
no  light  but  what  proceeds  from  the  stars  and 
planets.  Were  a  lunarian  to  travel,  at  the 
rate  of  ten  miles  an  hour,  in  a  direction  at 
right  angles  to  the  moon's  axis,  he  might  keep 
pace  with  the  moon's  rotation,  and  be  enabled 
to  live  in  perpetual  sunshine.  2.  The  light 
of  the  moon  has  been  computed  to  bo  300,000 
times  less  intense  than  that  of  the  sun,  when 
shining  in  an  unclouded  sky  ;  yet  its  utility  is 
considerable,  and  when  the  full  moon  shines 
in  its  splendour,  it  throws  a  cheerful,  though 
mild  light  over  the  surrounding  landscape. 
3.  The  nearer  the  moon  is  to  the  periods  of 
new  and  full  moon,  the  greater  is  her  velocity 
in  her  orbit ;  and  the  nearer  she  is  to  the 
quadratures,  the  slower  she  moves.  When 
the  earth  is  in  its  perihelion,  or  nearest  the  sun, 
which  happens  in  the  winter,  the  periodical 
time  of  the  moon  is  greatest ;  and  when  the 
earth  is  in  its  aphelion,  which  happens  in 
summer,  the  periodical  time  of  the  moon  is  the 
least.  4.  The  mean  inclination  of  the  moon's 
orbit  to  that  of  the  earth  is  five  degrees,  nine 
minutes.  5.  The  eccentricity  of  her  orbit  is 
12,960  miles.  6.  The  moon  in  all  probabili- 
ty is  surrounded  with  an  atmosphere,  but  it  is 
evidently  a  very  small  one,  and  of  extreme 
tenuity  ;  and  no  clouds  or  vapours  appear  to 
exist  in  it.  It  is  stated  as  having  been  dis- 
tinctly perceived  during  the  annular  eclipse  of 
May,  1836,  when  just  before  the  rims  of  the 
two  bodies  met,  the  light  of  the  sun  was  seen 
to  shoot  through  the  moon's  atmosphere,  mol- 
lified into  twilight.  Schroeter  calculates  its 
height  at  5742  feet. 

There  can  be  little  doubt  that  the  moon, 
like  the  earth  on  which  we  dwell,  is  a  world 
replenished  with  inhabitants.  Matter  appears 
to  have  been  created  chiefly  in  subserviency  to 
mind;  and  it  is  highly  improbable  that  the 
(970) 


Creator  would  leave  a  globo  containing  a 
surface  of  fifteen  millions  of  square  miles 
altogether  destitute  of  sensitive  and  intellectual 
beings,  especially  when  we  behold  its  surface 
diversified  and  adorned  with  such  a  vast  assem- 
blage of  picturesque  and  sublime  scenery,  and 
when  we  consider  that  every  department  con- 
nected with  our  globe  is  peopled  with  sentient 
beings  of  every  description.  Although  seas 
and  rivers  and  a  dense  atmosphere  are  not  to 
be  found  connected  with  the  lunar  orb,  and 
although  some  of  its  arrangements  are  differ- 
ent from  those  of  the  earth,  yet  these  circum- 
stances form  no  valid  objection  to  the  moon 
being  inhabitated,  for  the  Creator  can  in  all 
cases  adapt  the  inhabitant  to  the  nature  of  the 
habitation  provided  for  him,  as  he  has  adapted 
the  birds  for  winging  their  flight  through  the 
air,  the  fishes  for  gliding  in  the  waters,  and 
man  and  quadrupeds  for  traversing  the  dry 
land. 

It  has  frequently  been  a  subject  of  inquiry. 
Whether  the  inhabitants  of  the  moon  may 
ever  be  discovered  by  the  inhabitants  of  our 
globe  1  Notwithstanding  the  improvements 
that  have  been  made  on  telescopes  in  modern 
times,  we  have  no  expectations  that  such  a 
discovery  will  ever  be  made.  Even  the  large 
telescope  lately  constructed  by  the  Earl  of 
Rosse,  however  distinct  and  beautiful  a  view 
it  may  exhibit  of  the  mountains  and  vales, 
rocks  and  caverns,  on  the  lunar  surface,  will 
never  be  able  to  show  us  its  inhabitants,  al- 
though they  had  bodies  five  hundred  times 
larger  than  those  of  the  inhabitants  of  the 
earth.  That  telescope  has  seldom  been  used 
with  powers  exceeding  eight  hundred  times; 
but  although  a  power  of  two  thousand  times 
could  be  put  upon  it  with  distinctness,  it 
would  make  tlie  moon  appear  no  nearer  to  us 
than  one  hundred  and  twenty  miles,  at  which 
distance  a  living  being,  although  a  hundred 
feet  high,  could  not  be  beheld.  For,  with 
such  a  power,  a  space  on  the  moon's  surface 
one  hundred  and  eighty-three  feet  in  diameter 
could  only  be  perceived  as  the  smallest  visible 
point.  Besides,  wo  ought  to  consider  that 
vi^hen  we  view  objects  on  tbe  surface  of  the 
moon,  we  do  not  view  then)  in  perspective  as 
we  view  objects  on  the  surface  of  the  earth,  but 
only  obtain  a  bird's-eye  view,  as  we  do  of  objects 
on  the  surface  of  our  globe,  when  viewed 
from  a  balloon  suspended  in  the  atmosphere, 
in  which  case,  when  we  look  down  upon  a 
group  of  human  beings,  we  perceive  only 
the  length  and  breadth  of  their  heads  and 
shoulders. 

There  is  a  possibihty,  however,  of  tracing 
the  operations  of  sensitive,  or  intelligent  be- 
ings, in  the  lunar  orb,  although  we  can  never 
expect  to  trace  the  forms  or  motions  of  its  in- 
habitants.    Were  a  vast  number  of  persons 
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ill  dill^rent  parts  of  the  world  to  devote  them-  as  a  signal  of  correspondence,  and  that  they 
selves  to  a  particular  survey  of  the  moon —  might  erect  similar  figures  in  return.  But  it 
were  different  portions  of  its  surface  allotted  is  highly  questionable  whether  the  design  of 
to  different  individuals  as  the  object  of  their  such  figures  would  be  appreciated,  or  whether 
particular  research — were  accurate  observa-  they  would  be  visible  to  the  eyes  of  the  in ha- 
tions  made,  and  frequently  repeated,  on  every  bitants.  Many  a  look,  we  may  conceive, 
mountain,  hill,  cavity,  cliff,  and  plain,  and  will  be  directed  to  our  globe  by  the  lunar 
every  change  and  modification  in  the  particu-  inhabitants,  and  much  wonder  will  doubtless 
lar  spots  and  their  localities  carefully  marked  be  expressed  at  such  a  large  globe  hanging 
and  represented  in  a  series  of  delineations,  it  over  their  heads,  apparently  immovable,  ex- 
might  lead  to  some  certain  conclusion  both  as  cepting  a  rotation  round  its  axis ;  and  much 
to  the  physical  constitution  of  the  moon,  and  speculation  will,  without  question,  take  place 
as  to  whether  any  of  the  observed  changes  among  them  as  to  whether  such  a  globe  as 
proceeded  from  the  operations  of  living  agents,  ours  be  inhabited.  But  it  does  not  appear  to 
If  an  observer  in  the  moon,  with  such  a  tele-  be  the  design  of  the  Creator,  in  the  mean 
scope  as  Sir  William  Herschel's,  or  that  of  time,  that  the  inhabitants  of  our  globe  and 
the  Earl  of  Rosse,  had  observed  the  city  of  those  of  the  moon  should  become  acquainted, 
BabyloR,  when  in  its  splendour,  and  after-  or  that  any  direct  correspondence  should  take 
wards  when  reduced  to  a  desert,  as  it  now  is,  place  between  different  worlds.  And  there- 
he  must  have  observed  a  change  in  the  local-  fore,  we  must  wait  with  patience  till  the 
ity  where  that  famous  city  once  stood,  indica-  scenes  of  a  future  life  shall  unravel  the  mys- 
tive  of  the  operations  of  intelligent,  or  at  teries,  and  dispel  the  darkness  which  now 
least,  of  sensitive,  or  living  agents.  And  had  hangs  over  the  history,  the  population,  and 
he  viewed  the  dense  forests  of  America  before  the  transactions  of  other  worlds.  Whatever 
civilized  nations  took  possession  of  that  coun-  may  be  the  peculiar  circumstances  of  the  be- 
try,  and  were  he  now  to  take  a  view  of  the  ings  that  people  other  globes,  we  know  that 
eastern  states  of  North  America,  in  their  pre-  they  are  all  under  the  care  and  superintend- 
sent  state  of  cultivation,  and  since  the  great  ence  of  Him  who  is  infinite  in  wisdom, 
cities  of  New  York,  Boston  and  Philadelphia  power,  and  intelligence  ;  whose  "  kingdom 
were  reared,  a  striking  difference  between  the  ruleth  over  all,"  and  whose  "  tender  mercies 
present  and  the  former  state  of  that  country   are  over  all  his  works." 

would  doubtless  be  perceptible.  For,  if  an  But,  whatever  opinions  we  may  entertain 
extent  of  only  one  hundred  and  eighty-three  respecting  the  inhabitants  of  the  moon,  cer- 
feet,  or  sixty-one  yards,  would  be  perceptible  tain  it  is  that  she  forms  a  beautiful  and  noble 
by  a  telescope  magnifying  two  thousand  times,  appendage  to  our  globe,  and  her  light  and 
much  more  would  the  extent  of  a  large  city,  motions  are  of  high  utility  to  its  inhabitants, 
such  as  New  York,  be  distinctly  visible,  as  a  How  cheerless  and  uncomfortable,  in  many 
prominent  and  well-defined  object.  Now,  if  cases,  would  be  our  nights,  were  it  not  for 
changes  similar,  or  analogous  to  these,  could  the  mild  radiance  which  the  lunar  orb  dis- 
be  traced  on  the  surface  of  the  moon,  it  would  penses  in  such  regular  and  agreeable  vicissi- 
lead  us  to  form  some  certain  conclusions  in  tudes !  To  the  mariner,  while  ploughing  his 
relation  to  the  operations  of  intelligent  agents,  course  through  the  stormy  deep;  to  the 
and  consequently,  that  such  beings  actually  ploughman,  "plodding  his  weary  way;"  to 
exist  on  the  lunar  surface.  But  such  ob-  the  peasant,  pursuing  his  course  through 
servations  as  those  to  which  we  allude  would  moors  and  morasses  after  nightfall ;  to  the 
require  not  only  to  be  specific  and  minute,  but  shepherd,  tending  his  fleecy  charge  by  night ; 
also  to  be  continued  for  a  length  of  years —  to  travellers  in  foreign  lands  ;  and  to  the  mis- 
perhaps  a  century  or  more — before  any  strik-  sionary  in  pagan  countries,  when  returning 
ing  changes  could  he  expected  to  occur.  at  midnight  from   his   sacred    labours  ;    the 

Dr.  Olbers  was  fully  of  opinion,  from  the  moon,  in  her  various  stages,  is  always  a  most 
observations  he  had  made,  "  that  the  moon  is  cheerful  and  welcome  visitant.  She  throws 
inhabited  by  rational  creatures,  and  that  its  a  mild  and  silvery  lustre  over  the  forests,  the 
surface  is  more  or  less  covered  with  a  vegeta-  mountains  and  the  vales,  and  we  behold  a 
tion  not  very  dissimilar  to  that  of  our  earth."  new  picture  of  terrestrial  objects,  which  is 
It  has  formed  a  subject  of  speculation  with  more  delicately  shaded,  and  disposed  into 
some,  whether  it  might  be  possible  to  corres-  softer  lights  than  that  which  is  displayed  un- 
pond  with  the  lunar  inhabitants  by  symbolical  der  the  blaze  of  the  meridian  sun — a  scene 
representations.  If  they  be  mathematicians,  which  leads  the  pensive  mind  to  pleasiiig 
it  has  been  conceived  that  the  erection  of  reflections,  and  to  solemn  contemplation.  By 
geometrical  figures  on  some  extensive  plains  her  attractive  influence,  she  sways  the  oceai), 
on  our  globe,  on  a  scale  of  vast  extent,  might  and  perpetuates  the  regular  returns  oFebb  anJ 
bs  recognized  by  the  inhabitants  of  the  moon,  flow,  by  which  the  hquid  element  is  ]jre>sorvod 
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from  putrefaction,  and  the  inhabitants  of  the 
islands  and  continents  from  infection  and  dis- 
ease. And,  although  her  brightness  is  not 
the  same  at  all  seasons,  and  though  she  is 
sometimes  absent  from  our  nocturnal  hemi- 
sphere, yet,  in  her  absence,  we  enjoy,  on  a 
clear  evening,  a  more  extensive  prospect  of 
the  starry  regions,  and  of  those  remote  spaces 
of  creation  where  suns  unnumbered  shine, 
and   planets   and    comets   run   their  solemn 


rounds.  Let  us  then  be  grateful  to  our  bene- 
ficent Creator,  who,  in  this  as  well  as  in  ali 
his  other  works,  has  displayed  his  infinite 
wisdom,  and  his  unbounded  goodness  ;  and 
let  us,  in  unison  with  the  inspired  writers, 
praise  the  name  of  the  Lord,  who  hath  ap» 
pointed  "  the  moon  to  rule  by  night,"  as  an 
evidence  of  his  fatherly  care,  and  of  his  mer- 
cy, which  "  endureth  for  ever." 


CHAPTER  IVo 


Description  of  the  Superior  Planets  of  the  Solar  System, 


Section  L 

On  the  Motions  and  Aspects  of  the  Superior 
Planets. 

The  planets  Mercury  and  Venus,  whose 
motions  and  phases  we  formerly  described,  are 
called  inferior  planets,  because  they  revolve 
round  the  central  luminary  in  orbits  which 
are  included  within  the  orbit  of  the  earth,  and 
consequently  nearer  the  sun  than  the  earth  is. 
The  superior  planets  are  those  whose  orbits 
are  without  that  of  the  earth,  and,  of  course, 
at  a  greater  distance  from  the  sun.  The  supe- 
rior planets  are  Mars,  Vesta,  Juno,  Ceres, 
Pallas,  Astraea,  Jupiter,  Saturn,  and  Uranus. 
They  are  distinguished  from  the  inferior  planets 
in  the  following  respects  : — I.  They  come  to 
our  meridian  at  midnight,  which  the  inferior 
planets  never  do.  2.  They  are  sometimes 
seen  rising  in  the  east,  when  the  sun  is  setting 
in  the  west;  a  circumstance  which  never 
happens  to  Mercury  or  Venus.  3.  While  the 
inferior  planets  always  appear  to  move  in  the 
neighbourhood  of  the  sun,  never  removing  be- 
yond forty-eight  degrees  of  that  luminary,  the 
superior  planets  may  be  seen  at  all  distances 
from  the  sun,  and  even  in  the  opposite  quarter 
of  the  heavens.  4.  The  superior  planets 
never  can  appear  to  transit  the  sun's  disk,  as 
Mercury  and  Venus  have  been  seen  to  do  at 
different  periods.  5.  The  superior  planets 
never  appear  in  the  form  of  a  crescent,  or  of 
a  half-moon,  as  the  two  inferior  planets  are 
found  to  do  in  certain  parts  of  their  orbits. 
They  always  appear  with  a  round  face,  when 
viewed  with  a  telescope,  except  Mars,  which 
sometimes  appears  with  a  slight  gibbous  phase. 

6.  A  superior  planet  can  only  be  in  conjunc- 
tion with  the  sun,  when  the  sun  is  between 
the  earth  and  the  planet ;  whereas  an  inferior 
planet  may  be  in  conjunction  with  the  sun, 
when  it  is  between   the  sun   and  the  earth. 

7.  There  are  also  certain  peculiarities  in  refer- 
ence to  the  direct  and  retrograde  motions  of 
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the  superior  planets,  and  the  points  in  which 
they  appear  stationary,  different  from  those  of 
the  inferior  planets.  xMl  these  circumstancea 
clearly  show,  that  the  path  of  the  earth  round 
the  sun  is  included  within  the  orbits  of  the 
superior  planets ;  that  we  occupy  a  station 
that  is  never  very  far  removed  from  the  centre 
of  their  orbits,  and  that  we  see  these  planets 
in  a  direction  which  is  nearly  that  in  which 
the  sun's  rays  enlighten  them. 

Apparent  motions  of  the  superior  Planets 
as  seen  from  the  Earth. — The  superior  planets 
are  retrograde  when  seen  in  opposition  to  the 
sun,  that  is  they  appear  to  move  from  east  to 
west,  or  contrary  to  the  order  of  the  signs  of 
the  zodiac;  and  their  motion  appears  direct, 
or  from  west  to  east,  when  in  conjunction  with 
the  sun.  The  following  diagram,  fig.  39*, 
will  illustrate  some  of  the  motions  and  aspects 

Fig,  39*. 


of  these  planets.  Let  the  circle  s  represent 
the  sun,  a  b  c  d  the  orbit  of  the  earth  ;  e  f 
G  H  the  orbit  of  a  superior  planet,  suppose 
that  of  Mars,  and  k  m  isr  o  r  r  a  portion  of 
the  starry  heavens.     When  tlire  earth  is  at  d. 
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&nd  Mars  at  e,  the  planet,  as  seen  from  the 
earth  at  d,  will  appear  in  the  same  part  of  the 
heavens  as  the  sun, or  in  conjunction  with  him. 
When  the  earth  is  at  b  and  the  planet  at  e, 
it  is  then  said  to  be  in  opposition  to  the  sun  ; 
for  the  sun  is  then  seen  in  the  direction  s  p, 
while  the  planet  is  seen  in  the  direction  b  m. 
In  this  case,  the  plnnet  is  nearest  to  the  earth, 
and  in  the  case  of  Mars,  it  is  only  fifty  mil- 
lions of  miles  distant  from  us.  But  when  the 
earth  is  at  b  and  Mars  at  g,  the  planet  is  the 
whole  diameter  of  the  earth's  orbit,  or  one 
hundred  and  ninety  millions  of  miles  farther 
distant,  and  consequently,  at  that  time,  two 
hundred  and  forty  millions  of  miles  from  the 
earth.  Hence  it  happens  that  this  planet  ap- 
pears about  twenty-five  times  larger  in  the 
one  case  than  in  the  other.  When  farthest 
distant  from  the  earth,  it  appears  like  a  small 
star ;  but  when  nearest  us,  it  appears  nearly 
as  large  as  Jupiter  or  Venus,  but  with  a  more 
rudd;y  aspect.  These  circumstances  clearly 
prove  that  Mars  does  not  move  round  the  earth 
as  its  centre  of  motion,  as  the  ancients  sup- 
posed, but  round  the  sun,  and  that,  too,  in  an 
orbit  which  includes  the  earth's  orbit  within  it. 

The  cause  of  the  direct  and  retrograde  mo- 
tions of  the  superior  planets  will  likewise  ap- 
pear from  fig.  39.  Suppose  the  earth  at  a, 
and  Mars  at  e,  while  the  earth  is  moving 
through  the  part  of  its  orbit  ado,  the  planet 
will  appear  to  move  from  ?f  to  k  among  the 
stars,  which  is  its  direct  motion  through  the 
heavens,  or  from  west  to  east;  so  that  when 
the  earth  is  at  d,  the  planet  will  appear  at  m, 
and  when  the  earth  is  at  c,  it  will  appear  at 
K.  But  while  the  earth  moves  through  c  b  a 
to  A,  it  will  appear  to  return  to  n,  having  a 
retrograde  motion  from  east  to  west ;  so  that 
when  the  earth  is  at  b,  it  will  appear  to  be  at 
jvi,  and  when  the  earth  is  at  a,  it  will  appear 
to  have  returned  back  to  n.  When  the  earth 
is  either  at  a  or  c,  the  planet  will  appear  sta- 
tionary for  a  few^  days.  The  direct  motion  is 
very  slow  from  n  to  k,  because  the  earth  has 
to  move,  during  its  continuance,  through  the 
large  part  of  its  orbit  ado;  but  the  retro- 
grade motion,  from  k  to  n,  is  yjerformed  in 
much  less  time,  because  the  earth,  while  it 
continues,  has  to  move  only  from  c  to  a. 

We  have  supposed  the  planet  at  rest,  in 
order  to  avoid  complexity  in  the  illustration ; 
but  the  appearances  will  be  the  same,  whether 
we  conceive  the  planet  at  rest  or  in  motion  ; 
only  the  time  in  which  the  direct  and  retro- 
grade motions  are  performed  will  be  different 
when  we  view  the  planet  as  in  motion.  Jupi- 
ter, Saturn,  and  all  the  other  superior  planets 
have  similar  direct  and  retrograde  motions  and 
stationary  positions.  They  all  retrograde 
when  in  opposition,  and  for  some  time  before 
and  after  it ;  but  they  differ  greatly  as  to  the 


time  of  its  duration.  It  is  more  rapid  and 
extensive  in  the  case  of  Mars  than  of  the 
other  planets  which  are  farther  distant  from 
the  sun.  It  may  just  be  farther  stated,  that 
the  times  of  the  conjunctions,  oppositions,  di- 
rect and  retrograde  motions,  and  also  of  the 
stations  of  the  superior  planets  depend  upon 
the  combination  of  their  motions  in  their 
orbits  with  the  motion  of  the  earth  in  its  orbit : 
and  this  combination  causes  all  the  apparent 
irregularities  which  appear  in  the  motions  both 
of  the  superior  and  inferior  planets.  But  all 
the  planets,  if  viewed  from  the  sun,  the  centre 
of  their  motions,  will  appear  to  move  without 
interruption  in  the  same  direction,  only  mov- 
ing somewhat  more  slowly  in  their  Aphelion, 
and  more  swiftly  in  their  Perihelion.* 


SECTIOIif    II. 

On  the  Planet  Mars. 

This  is  the  first  of  the  superior  planets  next 
to  the  earth.  Its  name,  which  was  given  by  the 
ancients,  signifies  "  the  god  of  war,"  which 
appears  to  have  been  given  on  account  of  its 
ruddy  or.  fiery  appearance,  and  because  the 
astrologers  imagined  it  to  be  a  promoter  of 
war  and  bloodshed.  It  is  rather  unfortunate 
that  the  names  of  the  planets  as  well  as  of 
the  celestial  constellations,  should  all  be  de- 
rived from  heathen  mythology,  and  from  the 
superstitious  and  idolatrous  views  of  the  an- 
cients. It  ill  comports  with  the  peaceable 
study  of  astronomy  that  a  god  of  War  should 
be  supposed  riding  in  his  fiery  chariot  through 
the  heavens,  and  brandishing  his  sword  over 
the  nations  to  excite  them  to  diabolical  con- 
tests. It  presents  a  melancholy  and  degrad- 
ing picture  of  human  nature,  that  in  all  ages 
war  has  produced  its  horrid  massacres  and 
devastations  among  every  kindred,  and  in 
every  clime,  and  that  men  should  have  ima- 
gined that  a  celestial  deity  was  appointed  to 
preside  over  its  infernal  operations,  and  to 
"  urge  the  foes  to  battle."  It  will  be  to  the 
eternal  dishonour  of  the  human  character, 
that  ever  such  malignant  exploits  were  en- 
gaged in,  in  our  terrestrial  sphere.  In  modern 
limes,  it  is  an  indelible  disgrace  to  nations, 
who  designate  themselves  as  civilized  and  en- 
lightened, that  such  a  mode  of  settling 
disputes  between  states   and  empires   should 

*  The  Aphelion  is  that  point  of  the  orbit  of 
the  earth,  or  of  any  other  planet,  vi'hich  is  farthest 
from  the  sun  ;  and  the  Perihelion  is  that  point  m 
the  orbit  of  a  planet  which  is  nearest  to  the  sun. 
As  the  planets  move  in  elliptical  orbits,  they  must, 
of  course,  be  at  different  distances  from  the  sun  in 
different  parts  of  their  orbits.— fSee  Appendix, 
No.  HI- 
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be  resorted  to  as  that  of  warfare.  It  is  glaring- 
ly unchristian;  it  is  inhuman  and  atrocious; 
it  is  a  violation  of  the  fundamental  laws 
which  unite  the  moral  universe  ;  it  is  accom- 
panied with  almost  all  the  evils  which  can 
afflict  humanity ;  it  is  subversive  of  the 
wealth  and  prosperity  of  nations ;  and  it 
must  be  highly  offensive  to  the  Creator,  who 
has  so  curiously  constructed  the  human  frame, 
and  formed  man  "  after  his  own  image,"  that 
such  an  exquisite  structure  should  be  cut  and 
slashed  and  destroyed  by  those  who  are  par- 
takers of  the  same  nature.  In  short,  it  con- 
veys an  absurdity  in  the  very  idea  of  it ;  for 
it  never  can  decide  on  which  side  of  a 
disputed  question  justice  and  right  are  to  be 
found  ;  and  it  degrades  man,  who  is  endowed 
with  high  intellectual  powers,  to  a  level  with 
the  inferior  animals — with  the  bear,  the  lion, 
and  the  hyena,  that  have  no  other  mode  of 
setthng  their  disputes  but  by  physical  force. 
Scarcely  any  thing  can  be  more  degrading  and 
monstrous,  in  beings  furnished  with  moral 
faculties,  and  endowed  with  reason  and  intel- 
ligence. But  it  is  needless  to  say  that  the 
planet  Mars,  though  somewhat  more  ruddy 
than  the  other  planets,  has  no  influence 
whatever  over  such  barbarous  and  malignant 
exploits.  It  sweeps  along  in  its  course  through 
the  heavens,  in  unison  with  the  other  bodies 
which  compose  the  solar  system,  in  obedience 
to  a  universal  law,  and  displays, in  its  motions, 
its  Creator's  power  and  wisdom. 

The  distance  of  this  planet  from  the  sun  is 
one  hundred  and  forty-five  millions  of  miles, 
and  the  circumference  of  its  orbit  about  nine 
hundred  millions  of  miles.  The  distance  of  its 
orbit  from  that  of  the  earth  is  fifty  millions  of 
miles  ;  and,  at  the  time  of  its  opposition  to  the 
sun,  it  is  about  this  distance  from  the  earth — • 
which  is  the  nearest  approach  to  the  earth  which 
any  primary  planet  can  make,  the  planej  Venus 
only  excepted.  It  accomplishes  its  revolution 
round  the  sun  in  six  hundred  and  eighty-seven 
d  ays,  or  about  one  year  and  ten  months,  which  is 
at  the  rate  of  fifty-four  thousand  miles  an  hour; 
— a  rapidity  of  motion  which  affords  a  striking 
idea  of  the  omnipotent  energies  of  the  Crea- 
tor. But  before  it  can  return  to  the  same 
relative  position  in  regard  to  the  sun,  or,  in 
other  words,  from  one  conjunction  or  opposi- 
tion to  another,  it  occupies  a  period  of  seven 
hundred  and  eighty  days — that  is,  two  years 
and  fifty  days.  It  is  only  at  the  period  of  its 
opposition,  when  it  is  nearest  the  earth,  and 
a  short  time  before  and  after  it,  that  this 
planet  makes  its  most  splendid  appearance, 
almost  rivalling  Jupiter  in  its  lustre ;  and 
therefore,  before  we  can  again  see  it  with  the 
same  degree  of  lustre,  a  period  of  two  years 
and  fifty  days,  at  an  average,  must  elapse.  It 
was  in  this  position  in  June,  1 843  ;  again  in 
(974) 


August,  1845;  and  again  in  October,  1847, 
This  is  the  most  eligible  period  for  observing 
the  surface  of  Mars  through  telescopes,  and, 
likewise,  for  observing  its  direct  and  retrograde 
motions.  From  spots  which  have  been  ob- 
served on  the  surface  of  Mars  by  the  telescope, 
it  was  determined  that  it  makes  a  revolution 
round  its  axis  in  twenty-four  hours  and  near- 
ly forty  minutes — which  is  only  forty-four 
minutes  longer  than  the  diurnal  rotation  of 
the  earth,  and  is  performed  in  the  same  direc- 
tion, namely,  from  west  to  east.  Its  axis  is 
inclined  to  the  plane  of  the  ecliptic  at  an 
angle  of  nearly  sixty  degrees,  or  about  thirty 
degrees  from  the  perpendicular.  Of  course, 
there  must  be  different  lengths  of  days  and 
nights  in  different  regions  of  this  planet : 
and,  likewise,  a  diversity  of  seasons,  somewhat 
similar  to  what  we  experience  on  our  globe. 

This  planet,  as  to  size,  ranks  among  the 
smaller  bodies  of  the  solar  system.  Its  dimen-» 
sions  are  as  follows  : — Its  diameter  is  found  to 
be  about  four  thousand  two  hundred  miles— 
which  is  little  more  than  half,,the  diameter  of 
our  globe.  Its  surface  contains  about  fifty- 
five  millions  of  square  miles,  which  is  several 
millions  more  than  the  number  of  square 
miles  on  the  habitable  parts  of  the  earth. 
Were  its  whole  surface  composed  of  land, 
and  were  it  peopled  in  the  same  proportion  as 
Belgium — three  hundred  inhabitants  to  a 
square  mile — it  could  contain  a  population  of 
sixteen  thousand  five  hundred  millions,  or 
more  than  twenty  times  the  present  popula- 
tion of  our  globe  ;  so  that  this  planet,  though 
comparatively  a  small  one,  may  rank  higher 
than  even  our  world  in  respect  to  the  number 
of  sensitive  and  intellectual  beings  it  may 
contain.  This  planet,  like  the  earth  and 
several  other  planets,  is  of  a  spheroidal  figure, 
its  polar  diameter  being  about  two  hundred 
and  sixty  miles  shorter  than  its  equatorial. 

When  viewed  with  good  telescopes,  spots 
of  various  forms  have  been  discovered  on  the 
disk  of  Mars.  It  was,  however,  more  than 
fifty  years  after  the  invention  of  the  telescope, 
before  any  discoveries  were  made  on  the  sur- 
face of  this  planet,  or  any  spots  could  be  seen 
to  determine  its  rotation.  Cassini,  an  Italian 
astronomer,  about  the  year  1666,  was  among 
the  first  who  perceived  several  dark  spots  on 
the  surface  of  Mars;  and  Dr.  Hooke,  in 
England,  and  Campani,  at  Rome,  about  the 
same  time,  made  similar  observations.  It  wa?? 
found  that  all  the  features  which  the  planet 
exhibits  at  any  moment,  gradually  disappeared 
in  twelve  hours  and  twenty  minutes,  at  the 
expiration  of  which  time  it  exhil)its  an  en- 
tirely different  appearance  ;  and,  by  continu- 
ing to  observe  its  disk,  the  former  features 
were  seen  to  come  successively  into  view — 
and    thus  was   its  revolution    rouiid    its  axis 
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ascertained,  and  the  period  of  it  accurately 
determined.  Some  observers  have  remarked 
that  these  spots  do  not  always  appear  well 
defined,  and  that  they  frequently  change  their 
form;  but  that  some  of  them  continue  always 
the  same.  It  appears  probable  that  clouds 
exist  in  the  atmosphere  of  Mars  and  that 
these,  being  occasionally  interposed  between 
the  eye  of  the  observer  and  the  surface  of  the 
planet,  may  cause  the  changes  of  appearance 
which  have  been  observed.  It  is  admitted  by 
all  astronomers  that  an  atmosphere,  or  body 
of  air,  of  considerable  "density  and  extent, 
surrounds  this  planet;  for  it  is  found  that 
small  stars,  as  they  approach  the  edge  of  its 
disk,  suffer  a  gradual  diminution  in  bright- 
ness, before  they  disappear,  by  the  interposi- 
tion of  its  body  ;  and  this  obscurity  of  a  star, 
when  seen  in  such  circumstances,  must  arise 
from  its  being  viewed  through  a  dense  medi- 
um connected  with  the  planet.  The  circum- 
stance, therefore,  of  an  atmosphere  around 
Mars,  combined  with  the  fact  that  it  has 
a  revolution  round  its  axis,  to  produce  the  al- 
ternate succession  of  day  and  night,  forms  a 
strong  presumptive  proof  that  this  planet  is 
an  inhabited  world,  and  destined  to  afford 
existence  and  happiness  to  numerous  orders 
of  beings. 

There  is  an  intensely  white  spot  which  has 
has  been  long  observed  around  the  pole  of 
Mars,  when,  emerging  from  darkness,  it  first 
receives  the  sun's  light;  and  this  gradually 
diminishes  in  magnitude  and  brightness  till 
the  pole  again  withdraws  itself  from  the  sun  ; 
and  as  regularly  and  certainly  re-appearing, 
when  the  same  pole  emerges  from  the  cold 
and  darkness  of  winter.  For  as  the  axis  of 
Mars  is  inchned  to  its  ecliptic,  or  the  plane 
of  its  orbit,  one  of  its  poles  is  deprived  of 
the  solar  light  during  eleven  months,  or  one- 
half  of  its  year,  in  the  same  manner  as  the 
north  pole  of  our  globe  is  in  darkness  from 
the  end  of  September  to  the  21  st  of  March. 
Now,  it  has  been  supposed  that,  during  this 
long  winter  of  eleven  months  in  the  polar  re- 
gions of  Mars,  these  regions  are  covered  with 
snow,  which  is  the  cause  of  the  white  appear- 
ance about  the  poles,  when  these  poles 
emerge  from  darkness ;  and  after  long  expo- 
sure to  the  sun's  rays,  during  the  other  eleven 
months,  when  the  sun  is  shining  upon  them 
without  interruption,  these  polar  snows  are 
gradually  dissolved,  so  as  to  leave  the  naked 
soil  of  that  region  exposed  to  view. 

The  following  are  the  results  of  Sir  John 
HerscheFs  observations  on  this  planet,  made 
with  a  twenty-feet  reflecting  telescope.  He 
says  that,  on  account  of  the  clearness  of  its 
atmosphere,  he  has  been  enabled  to  observe, 
with  perfect  distinctness,  the  outlines  of  con- 
tinents and  oceans ;  that  the  land  on  its  sur- 


face is  distinguished  by  a  red  hue,  which  im- 
parts to  the  planet  the  ruddy  appearance  it 
has  when  viewed  by  ordinary  telescopes,  and 
which  its  Hght  exhibits  to  the  naked  eye. 
This  redness  he  ascribes  to  a  quality  in  the 
prevailing  soil,  like  that  which  our  red  sand- 
stone districts  would  exhibit  to  an  observer 
contemplating  the  earth  from  the  surface  of 
Mars.  The  seas  of  this  planet,  he  observes, 
have  a  greenish  hue,  altogether  resembling 
the  colour  of  our  own.  These  spots,  how- 
ever, are  not  always  to  be  seen  equally  dis- 
tinct, because  of  the  varying  transparency  of 
the  atmosphere ;  but  when  they  are  distinctly 
seen,  they  always  present  the  same  appear- 
ance. The  following  are  some  of  the  tele- 
scopic views  which  have  been  taken  of  thia 

Fig.  40. 


Fig»  4L 


Fig.  42. 


Fig.  43. 


planet.  Fig.  40  is  one  of  the  views  taken  by 
Sir  J.  Herschel  with  his  twenty-feet  reflector. 
The  dark  portions  are  considered  to  be  water, 
and  the  white  spaces  land— at  a  is  the  white 
polar  spot  described  above.  Fig.  41  is  one 
of  the  views  given  by  Sir  W.  Hersch*^, 
which  presents  the  appearance  of  a  portion  of 
a  soa,  with  a  gulf  running  up  into  the  land. 
Fig.  42  is  a  view  of  Jupiter  given  by  Maruldi, 
(975) 
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which  he  observed  in  1704,  and,  by  means  of 
the  prominence  marked  b,  he  determined  the 
period  of  rotation.  Fig.  43  is  a  view  of  Mars, 
which  we  have  several  times  observed  about 
the  time  of  its  opposition  to  the  sun. 

From  tlie  whole  of  what  has  been  now 
stated  respecting  this  planet,  the  following 
conclusions  may,  with  a  high  degree  of  prob- 
ability, be  deduced — that  it  is  environed  with 
an  atQiosphere  of  considerable  extent,  in  which 
clouds  probably  exist ;  that  the  dark  spots  are 
water,  or  seas,  which  reflect  a  much  less  pro- 
portion of  the  solar  light  than  land,  and  prob- 
ably cover  about  one-third  of  its  surface  ;  that 
a  variety  of  seasons,  somewhat  similar  to  ours, 
must  be  experienced  in  this  planet,  but  of  a 
much  longer  duration  ;  and  that  it  bears  a 
more  striking  resemblance  to  the  world  in 
which  we  dwell  than  any  other  planet  of  the 
solar  system.  It  was  owing  to  observations 
made  on  this  planet  by  the  famous  astronomer, 
Tycho  Brahe,  and  to  the  records  of  his  obser- 
vations having  fallen  into  the  hands  of  Kep- 
ler, that  the  three  great  laws  of  planetary  mo- 
tion, generally  termed  "  Kepler's  Laws,"  were 
discovered.  These  laws,  which  we  may  after- 
wards notice,  lie  at  the  foundation  of  modern 
astronomical  science,  and  give  precision  to  its 
principles. 


Section  IfL 

On  the  New  Planets, 

Within  the  limits  of  the  present  century, 
four  new  planetary  bodies  have  been  discover- 
ed, none  of  which  was  known  to  former  astron- 
omers. They  are  named  Vesta,  Juno,  Ceres, 
and  Pallas.  They  are  all  situate  beyond  the 
orbit  of  Mars,  and  within  that  of  Jupiter,  and 
present  a  variety  of  singular  anomalies ;  but, 
as  they  are  all  invisible  to  the  unassisted  eye, 
and  can  never  be  noticed  by  common  obser- 
vers, we  shall  give  only  a  brief  sketch  of  their 
history,  and  their  magnitudes  and  motions,  so 
far  as  they  are  known.  From  the  interval  of 
nearly  three  hundred  and  fifty  millions  of  miles 
which  lies  between  the  orbits  of  Mars  and 
Jupiter,  it  was  long  conjectured,  as  highly 
probable,  that  some  undiscovered  planet  either 
exists,  or  had  existed,  in  some  part  of  this 
vast  region,  so  as  to  present  something  like 
proportion  in  the  arrangements  of  the  system, 
when  compared  with  the  distances  which  in- 
tervene between  the  orbits  of  Mercury,  Venus, 
the  Earth,  and  Mars.  This  conjecture  may 
be  considered  as  having  been  in  some  degree 
realized  by  the  discovery  of  four  small  bodies, 
situate  in  orbits  at  no  great  distance  from  each 
other,  at  an  average  of  about  a  hundred  mil- 
lions of  miles  beyond  the  orbit  Mars. 
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History  of  their  Discovery. — The  first  ql 
these  bodies  which  was  discovered,  was  the 
planet  Ceres.  It  was  discovered  at  Palermo, 
by  Piazzi,  a  Sicilian  astronomer,  in  the  con- 
stellation Taurus,  on  the  1st  of  January,  1801 
— being  the  first  day  of  the  present  century — 
and  within  the  limits  of  the  next  seven  years, 
all  the  other  three  bodies  were  discovered. 
After  being  lost  for  some  time,  it  was  re-dis- 
covered by  Dr.  Olbers,  of  Bremen,  after  a 
series  of  unwearied  observations — when  its 
motions  and  position  in  the  system  were  de- 
termined— since  which  time,  its  place  in  the 
heavens  can  always  be  ascertained.  Only 
fifteen  months  elapsed,  after  the  discovery  of 
Ceres,  when  Dr.  Olbers,  on  the  28th  of  March, 
1802,  discovered  the  planet  Pallas.  The  pla- 
net Juno  was  discovered  on  the  1st  of  Septem- 
ber, 1804,  at  the  observatory  of  Lilienthal, 
near  Bremen,  by  M.  Harding,  while  he  was 
endeavouring  to  form  an  atlas  of  all  the  stars 
near  the  orbits  of  Ceres  and  Pallas,  with  the 
view  of  making  further  discoveries.  The  pla- 
net Vesta  was  discovered  on  the  29th  of 
March,  1807,  by  Dr.  Olbers,  who  had  pre- 
viously discovered  Pallas.  He  had  previously 
conjectured  that  the  three  small  celestial  bodies, 
lately  discovered,  were  merely  the  fragments 
of  a  larger  planet,  which  had  been  burst 
asunder  by  some  internal  convulsion,  and  that 
several  more  might  yet  be  discovered  between 
the  orbits  of  Mars  and  Jupiter.  On  this 
hypothesis  he  concluded  that,  as  these  frag- 
ments must  all  have  diverged  from  the  same 
point,  they  ought  to  have  two  common  points 
of  reunion,  or  two  nodes  in  opposite  regions 
of  the  heavens,  through  which  all  the  plane- 
tary fragments  must  sooner  or  later  pass.  One 
of  these  nodes  he  found  to  be  in  the  sign 
Virgo,  and  the  other  in  the  constellation  of 
the  Whale — and  it  was  actually  in  the  Whale 
that  Mr.  Harding  discovered  the  planet  Juno. 
Therefore,  with  the  intention  of  discovering 
other  fragments  of  the  supposed  planet,  if 
any  should  exist.  Dr.  Olbers  examined,  three 
times  every  year,  all  the  small  stars  in  the 
opposite  constellations  of  Virgo  and  the  Whale 
■ — and  his  labours  were  crowned  with  success, 
by  the  discovery  of  a  new  planet,  in  Virgo, 
to  which  he  gave  the  name  of  Vesta. 

The  magnitudes  of  these  bodies,  on  account 
of  their  comparatively  small  size,  and  the 
difficulty  of  measuring  their  apparent  diame- 
ters, have  not  yet  been  accurately  determined. 
The  following  is  a  brief  summary  of  what  has 
been  ascertained  respecting  their  distances, 
motions  and  magnitudes.  The  planet  Vesta, 
which  was  last  discovered,  is  considered  as 
the  nearest  to  the  sun.  Its  distance  from  that 
luminary  is  reckoned  to  be  about  225  millions 
of  miles,  and  it  revolves  about  the  sun  in 
1325  days,  or  in  three  years,  seven   months 
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and  a  half,  moving  at  the  rate  of  44,000  miles 
an  hour.  Some  have  estimated  its  diameter 
at  276  miles,  and  if  so,  it  will  contain  229,000 
square  miles  on  its  surface.  But  it  is  probable, 
from  a  variety  of  circumstarjces,  that  it  is 
considerably  larger  in  size  than  what  is  here 
stated.  The  distance  of  Juno  from  the  sun 
is  254  millions  of  m'lh's,  and  it  accomplishes 
its  revolution  in  four  years  and  one  hundred 
and  twenty-eight  days,  at  the  rate  of  41,850 
miles  an  hour.  Its  diameter  is  estimated  by 
certam  German  astronomers,  at  1425  English 
miles.  It  is  of  a  reddish  colour,  and  is  free 
from  any  nebulosity,  and  is  supposed  lo  be  en- 
vironed with  a  dense  atmosphere.  The  planet 
Ceres  is  263  millions  of  miles  from  the  sun, 
and  finishes  its  revolution  in  four  years, 
seven  months,  and  ten  days.  Its  real  diame- 
ter is  estimated  at  1624  miles,  so  that  its  sur- 
face will  contain  more  than  eight  millions  of 
square  miles;  but  its  atmosphere  is  reckoned 
at  about  675  miles  in  height.  It  is  of  a 
slight  ruddy  colour,  and  appears  like  a  star 
of  the  eighth  magnitude.  The  planet  Pallas 
is  distant  from  the  sun  about  263  millions  of 
miles,  or  about  the  same  distance  as  Ceres, 
and  completes  its  revolution  in  four  years, 
seven  months  and  one-third  of  a  month, 
which  is  within  a  day  of  the  time  of  the  revo- 
lution of  Ceres.  Schroeter,  a  German  astrono- 
mer, considered  this  planet  as  the  largest  of 
the  four,  aiid  he  estimated  its  diameter  to  be 
2099  miles,  and  consequently  nearly  the  size 
of  our  moon.  It  presents  a  ruddy  aspect, 
and  is  surrounded  with  a  nebulosity,  some- 
what like  Ceres,  but  not  so  extensive.  It  is 
distinguished  from  all  the  other  planets  by 
the  very  great  inclination  of  its  orbit  to  the 
plane  of  the  ecliptic,  which  is  no  less  than 
thirty-four  degrees  thirty  seven  minutes. 

These  four  planets  present  to  our  view 
certain  singularities  and  anomalies,  which,  at 
first  view,  appear  incompatible  with  the  har- 
mony and  proportions  which  we  might  sup- 
pose originally  to  have  characterized  the  ar- 
rangements of  the  planetary  system.  1.  Their 
orbits  are  in  general  more  eccentric  than  those 
of  the  other  planets;  in  other  words,  they 
move  in  longer  and  narrower  ellipses.  The 
eccentricities  of  the  orbits  of  Juno  and  Pal- 
las amount  nearly  to  one-eighth  part  of  the 
transverse  axes  of  their  orbits ;  whereas  the 
eccentricities  of  the  orbits  of  Jupiter  and  Ura- 
nus are  only  the  one  forty-third  part,  and  that 
of  the  earth,  one  hundred  and  nineteenth. 
Hence  it  follows,  that  Pallas  and  Juno  will 
sometimes  be  129  millions  of  miles  farther 
from  the  sun  at  one  period  than  at  another. 
3.  Their  orbits  have  a  much  greater  degree 
of  inclination  to  the  ecliptic  than  those  of  the 
other  planets;  that  of  Pallas  being  no  less 
than  thirty -four  degrees  and  a  half,  which  is 
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twenty -seven  times  greater  than  that  of  Ju- 
piter. 3.  They  revolve  near'y  at  the  same 
mean  distance  from  the  sun.  The  meaa 
distance  of  Juno  is  254,000,000,  of  Ceres, 
262,903,000,  and  of  Pallas,  262,901,000  of 
miles,  while  in  the  case  of  all  the  other 
planets,  many  millions  of  miles,  sometimes 
amounting  to  hundreds,  intervene  between 
their  orbits.  4.  They  perform  their  revolu- 
tions in  nearly  the  same  periods.  The  period 
of  Juno  is  four  years  four  months  and  a  half; 
of  Ceres,  four  years  seven  months  and  a  half; 
and  of  Pallas,  four  years  seven  months  and  a 
half;  whereas  the  periods  of  the  old  planets 
differ  very  considerably  from  each  other  :  that 
of  Mars  being  less  than  two  years ;  that 
of  Jupiter,  twelve  years;  of  Saturn,  nearly 
thirty  years ;  and  of  Uranus,  eighty-four 
years.  5.  The  orbits  of  some  of  these  plan- 
ets cross  each  other.  This  is  a  very  sin- 
gular and  unaccountable  circumstance  in 
regard  to  planetary  orbits,  and  cannot  possibly 
happen  in  the  case  of  the  other  planets,  or  of 
any  of  their  satellites.  This  is  represented  in 
the  following  diagram,  fig.  44.  The  orhit  of 
Vesta  crosses  the  orbits  of  the  other  three, 
and   therefore  it  is  a   possible   circumstance 

Fig.  44. 


that  a  collision-  might  take  place  between 
Vesta  and  these  three  planets  at  the  points  of 
intersection  a  and  Z*;  and  were  it  ever  to 
happen,  the  consequences  would  be  dreadful 
to  both  planets. 

Within  a  very  short  period,  a  new  planet 
has  been  discovered  by  Mr.  Hencke,  of 
Driessen,  in  Prussia.  It  appeared  like  a  star 
of  the  ninth  magnitude,  in  a  place  where,  be- 
fore, there  was  none.  This  discovery  was 
made  on  the  eighth  of  December,  1845.  Its 
place  on  December  the  fourteenth,  as  found 
by  Professor  Encke,  of  Berlin,  at  six,  hours 
twenty-eight  minutes,  was,  right  ascension, 
64  deg.  4  min.  53  sec.  At  thirteen  ho»rs,  34 
4  If  3-,  (97.7) 
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min.  55  sec,  its  right  ascension  in  time  was  4 
hours,  16  min.  2  sec.  Declination  north,  12 
^eg.  39  min.  53  sec.  At  fourteen  hours, 
33  min.  27  sec.  Right  ascension  in  time, 
4  hours  16  min.  Declination  north,  12 
deg.  39  min.  52  sec.  Its  motion  was  retro- 
grade, and  its  daily  amount,  as  determined 
from  the  observations,  8  hours  apart,  was,  in 
right  ascension,  14  min.  21  sec.  In  decHna- 
tion,  its  motion  was  quite  insignificant.  This 
moving  body  was  afterwards  observed  in 
England  by  Messrs,  South,  Airy,  and  others  ; 
and  from  their  observations  and  those  of 
foreign  astronomers,  it  has  now  been  deter- 
mined to  be  a  planet  belonging  to  the  solar  sys- 
tem, to  which  the  name  Astraea  has  been  given. 
From  the  notes  of  Astraea's  position  given 
by  Encke  and  Schumacher,  M.  Faye,  a 
French  astronomer,  has  calculated  the  ele- 
ments of  its  orbit,     They  are  as  fallows  : 

Deg.  Min. 
Epoch,  1845,  Dec  14,  .  .  71  13-6 
Longitude  of  ascending  node,  135     14*6 

Inclination, 6        1*2 

Semidiameter  of  orbit,       .  26,024 

Movement, direct. 

Period    of  sidereal   revolution,  4  years,  2 

months. 
It  appears,  therefore,  that  Astraea  has  a  cer- 
tain relation  to  the  four  minor  planets,  revolv- 
ing between  Mars  and  Jupiter,  which  were 
discovered  about  the  beginning  of  the  present 
century.  This  relation  will  appear  at  once 
when  their  elements  are  compared,  as  in  the 
following  statement : 

Mean  dist.  Mean  Inclination  of 

from  period  orbit, 

the  sun.  in  days. 

Vesta,         2-3678  1325  7°     8^      9'' 

Juno,           2-6690  1592  13       4       9 

Ceres,         2-7672  1681  10     37     26 

Pallas,        2-7728  1686  34     34     55 

Astraea,       2-6024  1521  6       1       2 

In  the  element  of  distance,  that  of  the 
earth  from  the  sun  is  taken  as  a  unit.  The 
distance  of  Astraea  from  the  sun  is  to  that  of 
the  earth  as  2-6024  to  1.000,  or  in  round 
numbers  as  26  to  10.  It  follows  that  Astraea 
revolves  round  the  central  luminary  at  the 
distance  of  247,000,000  miles.  In  its  dis- 
tance and  period  of  revolution,  Astraea  agrees 
most  nearly  with  Juno,  in  inclination  with 
Vesta. 

The  discovery  of  this  planet  affords  a 
strong  corroboration  of  the  hypothesis  which 
supposes  that  the  four  new  planets  formerly 
discovered,  originated  from  the  disruption  of  a 
large  planet  which  formerly  moved  between 
Mars  and  Jupiter.  Such  a  catastrophe  is  in- 
volved in  a  great  mystery ;  and  yet,  without 
gapposing  it  to  have  taken  place,  we  can 
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scarcely  account  for  the  peculiarities  of  these 
planets,  which  form  anomalies  in  the  solar 
system.  It  is  not  improbable  that  other  bo- 
dies, originating  from  the  same  source,  may 
yet  be  discovered. 

Such  anomalies  and  singularities  in  the 
case  of  these  lately  discovered  bodies — so 
very  different  from  the  arrangement  of  the 
other  planets— -have  opened  a  field  for  specu- 
lation and  inquiry.  It  has  been  supposed  on 
somewhat  plausible  grounds,  that  these  planets 
are  only  the  fragments  of  a  larger  planet 
which  had  been  burst  asunder  by  some  im- 
mense eruptive  force  proceeding  from  its 
interior  parts.  This  hypothesis  accounts  in 
a  great  measure  for  the  anomalies  and  appar- 
ent irregularities  to  which  we  have  alluded, 
particularly  for  tbe  intersection  of  their  orbits, 
and  for  the  fact,  that  the  planets  are  not  round, 
as  is  indicated  by  the  instantaneous  diminu° 
tion  of  their  light,  when  they  present  their 
angular  faces.  It  has  also  been  supposed 
that  the  smaller  fragments  that  may  have 
escaped  at  the  time  of  the  disruption,  may 
account  for  some  of  the  meteoric  stones  which 
at  different  times  have  fallen  from  the  higher 
regions  upon  our  globe. 

Whether  we  consider  the  present  peculiari- 
ties, positions,  and  motions  of  these  planets, 
as  accordant  with  the  state  in  which  they 
were  originally  created,  or  whether  we  view 
them  as  the  effects  of  some  tremendous  shock 
or  disruption,  there  appears  to  be  something 
sublimely  mysterious  and  worthy  of  attention 
in  the  physical — not  to  say  moral— arrange- 
ments of  the  Almighty,  in  the  state  in  which 
these  bodies  are  now  found.  If  they  were 
originally  arranged  in  the  position  and  order 
in  which  they  now  appear,  they  present  an 
anomaly,  a  want  of  proportion  and  harmony, 
to  whatever  appears  eJsewhere  throughout  the 
whole  range  of  the  system.  °  And,  if  their 
present  phenomena  be  the  effects  of  some 
dreadful  concussion,  the  fate  of  the  beings 
that  inhabited  the  original  planet  must  have 
been  involved  in  the  awful  catastrophe.  We 
need  not  be  much  surprised,  although  such  an 
event  should  have  taken  place,  nor  should  we 
consider  it  as  inconsistent  with  what  we 
know  of  the  physical  and  moral  government 
of  the  Almighty.  For  an  event  somewhat 
analogous  happened  to  our  own  globe,  at  that 
period  when  "  the  cataracts  of  heaven  were 
opened,  and  the  fountains  of  the  great  deep 
were  broken  up,"  when  a  flood  of  waters 
ensued  which  covered  the  tops  of  the  loftiest 
mountains,  transformed  the  earth  into  a  bound- 
less ocean,  and  buried  the  myriads  of  its 
population  in  a  watery  grave.  And  we  profess 
to  believe  that  a  period  is  approaching  when 
the  great  globe  we  inhabit  shall  undergo  a 
tremendous  change,  and  its  eiementary  parts 
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Ibe  dissolved,  when  the  aerial  "  heavens  shall  and  when  in  the  remotest  part  of  its  orbit 
pass  away  with  a  great  noise,  and  the  elements  from  the  earth,  it  is  590  millions  of  milea 
shall  melt  with  fervent  heat,  the  earth  also,  distant.  Notwithstanding  this  immense  dis- 
and  the  works  that  are  therein  shall  be  burn-  tance,  owing  to  its  great  magnitude,  it  appears 
ed  up."  the  most  brilliant  star  in  the  heavens  next  to 

All  the  parts  of  the  material  system  are  the  planet  Venus.  Its  revolution  round  the 
liable  to  change ;  and  we  have  no  reason  to  sun  is  accomplished  in  four  thousand  three 
conclude,  that,  throughout  the  future  periods  hundred  and  thirty-two  days  and  a  half,  or 
of  duration  the  earth  is  the  only  globe  in  the  about  11  years,  10  months,  and  17  days, 
universe  whose  present  constitution  and  aspect  during  which  it  performs  a  circuit  of  more 
shall  undergo  an  important  change.  As  it  is  than  three  thousand  millions  of  miles,  at  the 
probable  that  the  work  of  Creation  is  inces-  rate  of  more  than  twenty-nine  thousand  miles 
santly  going  forward  throughout  different  re-  an  hour.  Its  diameter  is  no  less  than  eighty- 
gions  of  immensity,  so  it  is  highly  probable  nine  thousand  miles ;  its  circumference  two 
that  numerous  changes  and  renovations  are  hundred  and  seventy-nine  thousand  miles, 
taking  place  in  those  departments  of  creation  and  its  surface  twenty-four  thousand  eight 
which  have  long  existed,  in  order  to  present  hundred  and  eighty  millions  of  square  miles, 
new  scenes  and  new  manifestations  of  the  per-  which  is  more  than  one  hundred  and  twenty- 
fections  of  the  Creator  to  the  view  of  the  six  times  the  area  of  our  globe.  But  as  globes 
inteUigent  universe.  For  the  whole  system  are  to  each  other  as  the  cubes  of  their  diarae- 
of  creation  appears  to  be  in  incessant  motion  ;  ters,  and  the  cube  of  Jupiter's  diameter  is 
there  is  not  an  orb  in  the  firmament,  among  704,969,000,000,000  miles,  and  the  cube  of 
all  the  millions  it  contains — whether  great  or  the  earth's  diameter  is,  498,677,257,000  ; 
small — but  is  in  rapid  and  perpetual  motion  divide  the  cube  of  Jupiter's  diameter  by  that 
through  the  vast  spaces  of  infinitude ;  and,  in  of  the  earth,  and  the  quotient  will  be  1413; 
the  course  of  ages,  these  movements,  conduct-  showing  that  Jupiter,  as  a  solid  globe,  is  one 
ed  by  certain  laws,  under  the  direction  and  thousand  four  hundred  and  thirteen  times 
superintendency  of  the  Supreme,  may  produce  larger  than  the  earth.  This  huge  planet 
changes  and  revolutions  which  will  add  to  the  moves  round  its  axis  in  the  space  of  nine 
grandeur  of  the  material  universe,  and  excite  hours  and  nearly  fifty-six  minutes;  which  is 
the  admiration  of  the  inteUigent  system.  He  a  more  rapid  rotation  than  that  of  any  of  the 
onl}^  is  immutable  who  existed  from  eternity  other  planets.  Its  equatorial  parts  will  move 
past,  who  gave  birth  to  all  created  beings,  with  a  velocity  of  twenty-eight  thousand 
whose  presence  fills  the  immensity  of  space,  miles  an  hour,  which  is  twenty-seven  times 
and  of  whose  years  there  shall  be  no  end.  more  rapid  than  the  earth's  rotation,  by  which 
And  throughout  all  the  regions  of  space,  so  the  inhabitants  at  the  equator  are  carried 
far  as  the  material  creation  extends,  his  moral  along  at  the  rate  of  1037  miles  an  hour.  The 
government  is  exercised,  in  a  thousand  differ-  rotation  of  this  planet  was  first  determined 
ent  modes,  corresponding  to  the  rectitude,  the  about  the  year  1665,  by  Cassini,  by  observing 
wisdom,  and  the  benevolence  of  his  character,  the  gradual  motion  and  revolution  of  a  spot 
and  the  condition  of  the  intellectual  beings  which  appeared  to  move  from  one  side  to 
he  has  formed.  For  wherever  power,  wisdom,  another  of  its  disk,  and  returned  again  to  the 
and  intelligence  are  displayed,  there  also  must  same  point  in  nine  hours  and  fifty-six  minutes, 
all  the  other  perfections  of  the  Almighty  be  and  as  the  spot  was  evidently  connected  with 
in  incessant  operation ;  and  hence  we  are  in-  the  body  of  the  planet,  the  conclusion  was 
formed,  that  "he  doth  according  to  his  will  evident,  that  the  planet  itself  turned  round 
in  the  army  of  heaven"  as  well  as  among  its  axis.  Hence  we  learn^  that  there  is  an 
« the  inhabitants  of  the  earth."  alternate    succession    of   day    and    night   on 

Jupiter,  analogous  to  that  which  we  experience 
«— — -—  on   the  earth;  but  the  days  and  nights  are 

much  shorter  than   ours,  and  the  sun  and  the 
Section  IV.  moons  which  belong  to  this  planet,  together 

with   the  whole  frame  of  the  heavens,  will 
On  the  Planet  Jupiter.  appear  to  move  around  it  with  a  much  greater 

rapidity  than  what  appears  from  our  terrestrial 
This  planet  is  the  largest  body  connected  habitation, 
with  the  planetary  system,  the  sun  only  ex-  The  axis  of  this  planet  being  nearly  per- 
cepted.  It  is  situate  about  232  millions  of  pendicular  to  the  plane  of  its  orbit,  it  cannot 
miles  beyond  the  orbit  of  Pallas,  350  millions  have  the  same  variety  of  seasons  as  the  earth 
beyond  the  or^pit  of  Mars,  and  495  millions  and  Mars.  Its  inclination,  however,  is  three 
from  the  sun.  When  nearest  the  earth,  it  degrees,  fiive  minutes,  which  will  produce  a 
is  400  millions  of    miles  distant   from    us,  slight  change  of  seasons  both  in  the  polar  and 
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equatorial  regions.  Had  the  axis  been  as 
much  inclined  to  the  orbit  as  in  the  case  of 
the  earth,  the  polar  regions  would  have  been 
deprived  of  the  light  of  the  sun  for  nearly  six 
years  without  interruption.  And  although  the 
light  and  heat  of  these  regions  cannot  be  so 
great  as  in  other  parts  of  the  planet,  yet  there 
are  many  ways  unknown  to  us,  by  which  the 
All-wise  and  Beneficent  Creator  may  render 
every  region  of  this  globe  a  comfortable  habi- 
tation for  hoth  sensitive  and  intelligent  beings. 

The  apparent  motion  of  this  planet,  like 
that  of  Mars,  formerly  explained,  is  sometimes 
direct,  sometimes  retrograde,  and  sometimes 
stationary.  Its  retrograde  motion  commences 
or  finishes  when  it  is  at  a  distance  from  the 
sun,  which  varies  from  113^  to  116^  degrees. 
The  arc  which  it  describes  in  this  case  varies 
from  9  degrees,  59  minutes,  to  9  degrees,  51 
minutes,  and  its  period  of  duration  from  116 
days,  18  hours,  to  122  days,  12  hours.  Its 
apparent  motion  through  the  signs  of  the 
zodiac  is,  at  an  average,  at  the  rate  of  a  little 
more  than  thirty  degrees  in  a  year.  It  is  at 
present,  (April,  1846,)  near  the  beginning  of 
the  sign  Gemini,  and  will  be  in  opposit  on  to 
the  sun  on  the  third  of  December,  about 
which  period  it  rises  near  the  time  of  sunset, 
in  a  direction  nearly  north-east,  and  will  be 
seen  shining  in  all  its  splendour,  in  a  clear 
evening,  till  five  or  six  o'clock  the  next  morn- 
ing. During  the  following  years,  it  will  be 
somewhat  more  than  a  month  later,  every 
year,  before  it  arrive  at  its  opposition :  but  it 
will  be  a  conspicuous  object  in  the  heavens, 
during  the  winter  evenings,  for  several  suc- 
cessive years;  and  as  it  is  the  most  brilliant 
planet  in  the  heavens — with  the  exception  of 
Venus — it  is  easily  distinguishable  from  all  the 
surrounding  stars,  by  its  superior  lustre. 

This  planet,  when  viewed  through  a  good 
telescope,  presents  a  very  splendid  and  inter- 
esting appearance,  especially  when  its  moons 
are  arranged,  two  on  each  side,  at  nearly 
equal  distances  from  the  planet  and  from  each 
other.  When  a  magnifying  power  of  above 
a  hundred  times  is  used,  its  surface  appears 
much  larger  than  the  full  moon  does  to  the 
naked  eye.*  The  most  striking  appearance 
on  the   surface   of  this  planet  is  a  series  of 

*  Those  who  are  not  accustomed  to  view  the  hea- 
venly bodies  througli  telescopes,  are  apt  to  imagine 
that  they  are  not  nearly  so  nmch  magnified  by  ihe 
iastrument  as  they  really  are.  With  a  power  of 
one  hundred  times,  most  persons  would  imagine 
that  Jupiter  appeared  much  less  than  the  moon  to 
the  naked  eye  ;  and  yet  it  may  be  proved  that  such 
a  power  presents  this  planet  to  the  eye  with  a  di- 
ameter of  about  twice  that  of  the  apparent  size 
of  the  moon.  The  medn  apparent  diameter  of 
Jupiier  is  thirty-ei.irht  seconds,  whi^ih,  being  multi- 
plied by  one  hundred,  the  nmgnii'ying  power,  pro- 
duces three  thousand  eiirht  hundred  seconds,  wh  ch 
is  equal  to  sixty  three  and  one-third  minuies.  Now, 
tlie  mean  apparent  diameter  of  the  moon  is  thirty- 
C980) 


darkish  stripes,  which  run  across  its  disk  par-* 
allel  to  its  equator,  which  are  generally  de- 
nominated its  belts.  They  were  first  disicov- 
ered  by  Fontana,  and  two  other  JVeapolitans, 
about  twenty-five  years  after  the  invention  of 
the  telescope.  They  were  afterwards  more 
particularly  described  by  Cassini,  who  was 
enabled  to  view  them  with  more  powerful 
telescopes.  Their  number  is  variable — some- 
times eight  have  been  seen  at  one  time,  and 
sometimes  only  one  or  two  have  been  distinct- 
ly visible.  Their  general  appearance,  for 
several  years  past,  as  viewed  with  telescopes 
magnifying  from  one  hundred  to  one  hundred 
and  eighty  times,  is  as  follows : — two  dark 
belts,  one  on  each  side  of  the  planet's  equator, 
and  two  fainter  ones,  one  at  each  pole,  some- 
what broader  than  the  equatorial  belts.  Sir 
James  South  states,  that  when  he  was  mak- 
ing observations  with  his  iwenty-ftet  Achro- 
matic telescope,  with  powers  of  252  and  34 6, 
he  perceived  Jupiier  '*  literally  covered  with 
belts."  These  belts,  though  generally  parallel 
to  each  other,  are  not  always  so — for  a  por- 
tion of  a  belt  has  been  seen  in  an  oblique 
position  to  the  rest.  At  certain  times  the 
belts  have  continued  without  sensible  varia- 
tion for  six  or  eight  months  ;  and,  according 
to  some  observers,  a  new  belt  has  been  formed 
in  the  course  of  a  few  hours. 

It  has  been  a  subject  of  much  speculation 
and  conjecture  among  astronomers,  as  to  the 
views  we  should  entertain  respecting  the  na- 
ture of  these  belts,  and  the  causes  which  ope- 
rate in  producing  the  changes  which  occasion- 
ally take  place  among  them.  Whatever 
opinion  we  may  form  on  this  point,  it  is  pretty 
evident  that  the  dark  stripes  or  belts  are  the 
real  body  of  the  planet,  and  the  bright  spaces 
between  them  are  either  clouds  in  its  atmo- 
sphere, or  circular  zones,  liable  to  variations, 
which  surround  the  planet  at  a  certain  dis- 
tance from  its  body.  Some  have  insinuated 
that  the  changes  among  these  belts  are  owing 
to  great  physical  convulsions  occasionally  tak- 
ing place  on  the  surface  of  Jupiter — an 
opinion  altogether  improbable.  Others  sup- 
one  minutes,  twenty-six  seconds,  the  double  of 
which  is  sixty-two  minutes,  (ifiy-iwo  seconds, 
which  is  less  than  the  a[)()ar8nt  size  of  Jupiter 
whnn  magnified  one  hundred  times.  But,  when  in 
opposition,  .lupiter's  appart^nt  diameter  is  forty- 
seven  and  a  half  seconds,  and,  consequently,  at 
such  a  peri(jd,  this  planet  will  appear  si  ill  larger. 
In  order  tu  produce  full  convictiut)  of  the  accuracy 
of  the  above  statements,  an  observer  should  view 
Jupiter,  when  in  the  immediate  vicinity  of  tlie 
moon,  and,  looking  with  one  eye  through  the  tele- 
scope, and  with  the  other  at  the  moon,  endeavour 
to  make  the  image  of  .Tupiter  in  ttie  telescope  to 
coincide  with  the  moon,  and  he  will  then  clearly 
perceive  the  proportion  of  their  apparent  magni-. 
tudes.  From  what  has  been  now  stated,  it  appears 
that  a  magnifying  power  of  fifty  times  will  nnika 
the  disk  of  Jupiter  appear  as  large  as  the  moon  to 
the  naked  eye. 
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pose  that  the  bright  streaks  are  the  external  of  them  somewhat  broken  and  irregular.  Fig. 
surface  of  masses  of  clouds  disposed  in  rows,  46  represents  another  view,  in  which  there 
and  tliat  such  a  disposition  of  clouds  might  be  appears  an  oblique  belt  forming  a  connection 
produced  by  prevailing  winds  blowing  in  a  with  two  adjacent  belts,  as  if  it  were  a  fluid 
direction  parallel  to  the  equator  of  the  planet,  running  from  the  one  into  the  other.  Some 
They  have  been  compared  to  our  trade-winds,  have  attempted  to  t'-ace  a  resemblance  in  the 
which  are  considered  as  the  necessary  effect  changes  of  the  belts  and  spots  to  what  would 
of  the  earth's  diurnal  rotation,  combined  with  appear  upon  the  disk  of  the  earth,  viewed  at 
the  influences  of  the  solar  heat  upon  the  tro-  such  a  distance  as  would  bring  it  to  the  size  of 
pical  belt  of  the  earth  ;  and  that  the  rapid  Jupiter.  It  is  supposed  that  the  great  ocean, 
diurnal  motion  of  Jupiter  will  cause  the  trade-  which  environs  our  globe,  would  resemble  the 
winds  in  that  planet  to  have  a  permanence,  principal  belt  of  Jupiter;  the  Mediterranean, 
force,  and  range,  which  would  produce   a  dis-  p. 

tribution  and  arrangement  of  the  clouds  float-  ^^°       ' 

ing  in  its  atmosphere,  such  as  we  observe  in 
the  appearance  of  its  belts. 

This  is  an  opinion  which  very  generally 
prevails  among  astronomers ;  but  we  do  not 
think  that  it  will  fully  account  for  the  pheno- 
mena of  the  belts,  or  that  it  is  consistent  with 
the  idea  of  a  habitable  world.  For  if  the 
trade-winds  in  Jupiter  were  increased,  in  velo- 
city an-d  force,  twenty-seven  times  greater 
than  our  trade-winds — which  is  admitted  by 
those  who  hold  this  opinion — then  their  vio- 
lence would  be  such  as  to  drive  every  thing 
before  them  along  the  surface  of  the  planet, 
and  there  would  be  no  possibility  of  living  be- 
ings moving  in  opposition  to  such  rapid  cur- 
rents. It  is  reckoned  that,  in  a  high  gale,  the 
wind  m«ves  at  the  rate  of  about  thirty-eight 
miles  an  hour — multiply  this  number  by 
twenty-seven,  and  the  product,  1026  will 
give  the  velocity  of  a  gale  in  Jupiter  in  the 
same  time.  Now,  it  has  been  found  that  a 
West  India  hurricane,  blowing  at  the  rat-e  of 
a  hundred  miles  an  hour,  has  blown  heavy 
cannon  out  of  a  battery,  torn  up  trees  by  the 
roots,  and  carried  huts,  sheds,  and  human  be- 
ings to  a  considerable  distance  through  the 
air.  Whtjt,  then,  would  be  the  force  of  a  gale 
moving  at  the  rate  of  a  thousand  miles  an 
hour  1  And,  much  more,  what  would  be  the 
force  of  a  hurricane  in  Jupiter,  moving  at  the 
Tate  of  two  thousand  seven  hundred  miles  an 
hour?  On  such  a  globe  as  ours,  it  would 
overturn  and  demolish  every  thing  upon  its 
surface,  so  that  our  strongest  and  most  stately 
buildings  could    not   possibly  resist  its   force. 

Such  a  state  of  things  appears  altogether  in-  one  of  the  broken  belts;  the  Caspian  sea,  a 
consistent  with  the  idea  of  a  comfortable  large  spot;  some  of  our  largest  islands,  the 
habitation  either  for  sensitive  or  intellectual  bright  spots  seen  in  the  belts,  as  in  fig.  45 , 
beings.  It  is  much  more  consistent  with  the  and  the  clouds,  stretched  round  the  equator  of 
imperfection  of  our  knowledge,  at  once  to  the  earth,  the  changeable  belts.  But  such 
acknowledge  our  ignorance,  and  to  wait  for  views  are  more  fanciful  than  accordant  with 
future  discoveries  on  ihis  subject,  than  to  the  observed  phenomena  of  this  planet,  and 
broach  opinions  which  lead  to  such  conse-  we  must  wait  for  further  discoveries  before  we 
quences.  come  to  any  decisive  conclusions  on  this  sub- 

The  following  figures    represent   different  ject.     Perhaps  the  Earl  of  Rosse's  great  tele- 
views of  the  belts  of  Jupiter.     Fig.  45  refjre-   scope,  which  is  now  in  use  for  celestial  obser- 


sents  one  of  the  views  taken  by  Cassini,  in 
whi^h  about  eight  or  nine  belts  appear,  some 


vations,  may  be  the  means  of  throwing  some 
further  light  on  this  subject,  and  enable  us  to 
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form  more  correct  views  of  the  belts,  spots, 
and  other  phenomena  of  this  planet.  It  has 
already  resolved  certain  nebulse  into  stars, 
which  were  formerly  supposed  to  be  unre- 
solvahle.  Fig.  47  represents  a  telescopic  view 
of  Jupiter  and  his  four  satellites,  when  two  of 
them  happen  to  be  on  each  side  of  his  disk. 
The  belts,  as  represented  in  this  figure,  are 
nearly  similar  to  what  they  have  appeared  for 
several  years  past. 

We  may  just  mention  the  following  addi- 
tional particulars  respecting  this  planet : — Not- 
withstanding the  brilliancy  with  which  it  ap- 
pears in  our  nocturnal  sky,  its  light,  derived 
from  the  sun,  is  27  times  less  than  what  falls 
upon  the  earth ;  and  the  diameter  of  the  sun, 
as  seen  from  Jupiter,  is  only  6  minutes  9 
seconds,  or  about  one-fifth  of  the  diameter  the 
sun  appears  to  us.  The  figure  of  this  planet 
is  that  of  an  oblate  spheroid — the  equatorial 
being  more  than  six  thousand  miles  larger 
than  the  polar  diameter.  Its  density,  com- 
pared with  that  of  water,  is  as  1  ^L  to  1 — in 
other  words,  it  is  somewhat  denser  than  water. 
Although  it  is  one  thousand  four  hundred 
times  larger  than  the  earth  in  bulk,  yet  it 
would  weigh  only  three  hundred  and  twelve 
globes  of  the  same  size  and  density  as  our 
globe.  Its  mass,  as  compared  with  that  of 
the  sun,  is  as  1  to  106,709.  A  body,  weigh- 
ing one  pound  at  the  equatorial  surface  of  the 
earth,  would,  if  removed  to  the  surface  of  Ju- 
piter, weigh  2  pounds,  4  ounces,  8  drams. 
The  eccentricity  of  its  orbit,  in  miles,  is 
23,810,000,  and  the  inchnation  of  its  orbit  to 
the  ecliptic  is  1  degree  19  minutes.  In  the 
firmament  of  Jupiter,  no  planets  will  be  visi- 
ble to  such  eyes  as  ours,  excepting  Saturn  and 
Uranus.  An  observer,  placed  on  this  planet, 
would  have  no  suspicion  that  such  a  globe  as 
our  earth  had  an  existence  in  the  universe — 
all  its  fancied  splendours  and  its  proud  inhab- 
itants are  as  much  unnoticed  and  unknown  as 
the  smallest  animalcule  in  a  drop  of  water  to 
the  unassisted  eye.  To  his  satellites,  Jupiter 
will  appear  as  a  large  and  resplendent  moon 
in  their  firmament,  fiUing  a  considerable  por- 
tion of  the  sky  ;  from  the  surface  of  the  first 
saLeiiite  it  will  appear  above  a  thousand  times 
larger  than  the  moon  does  to  us,  and  will,  in 
succession,  present  to  it  all  the  diversified 
phases  of  the  moon — a  crescent,  a  gibbous 
phase,  a  half-moon,  and  a  full  enlighted  hemi- 
sphere. 


SECTIOIf  V. 

On  the  Satellites  of  Jupiter. 

This  planet  is  accompanied  by  four  satel- 
lites, or  moons,  which  revolve   around  it  in 
(982) 


different  periods  of  time.  The  discovery  of 
these  revolving  bodies  was  among  the  first 
enterprises  accomplished  after  the  invention 
of  the  telescope  ;  they  were  first  discovered  by 
Galileo,  an  Italian  astronomer,  in  the  beginning 
of  the  year  1610.  In  his  book,  entitled  "  Si- 
dereus  Nuncius,"  he  gives  us  a  particular 
account  of  their  discovery,  and  the  numerous 
observations  he  made  on  their  motions  and 
relative  positions,  accompanied  with  sixty-four 
figures  of  their  various  aspects  at  different 
times.  On  the  7th  of  January,  1610,  in  the 
evening,  while  observing  the  stars  with  his 
newly-invented  telescope,  he  perceived  Jupiter 
making  his  appearance,  and,  applying  his 
instrument  to  that  planet,  he  perceived  three 
small  bright  stars  very  near  it,  two  on  the 
east  side  and  one  on  the  west.  These  he 
took  to  be  fixed  stars  at  that  time ;  but, 
happening  the  next  night  to  view  them  again, 
he  saw  them  all  three  on  the  west  side  of 
Jupiter ;  which  made  him  greatly  wonder 
how  this  could  be,  for  it  was  an  event  quite 
inconsistent  with  the  theory  of  the  planets 
and  fixed  stars.  On  the  tenth  night  he  saw 
but  two,  and  both  on  the  east  of  Jupiter ;  on 
the  eleventh  also  he  saw  but  two,  and  both  on 
the  same  side  ;  but  one  of  these  was  twice  as 
large  as  the  other — and,  hence,  he  was  sure 
they  were  not  the  same  he  saw  the  night  be- 
fore. On  the  thirteenth  night,  viewing  them 
again,  he  saw  four  of  these  small  stars,  three 
on  the  west  side  of  Jupiter,  and  one  on  the 
east  side,  all  nearly  in  a  straight  line.  On 
the  fifteenth,  he  beheld  all  the  four  on  the 
west  side  of  the  planet,  nearly  in  a  straight 
line,  and  at  equal  hitervals  from  Jupiter  and 
from  each  other.  These  were  all  he  could 
ever  discover ;  and,  by  constantly  observing 
their  situation  and  changes,  found  that  they 
were  not  fixed  stars,  but  moons,  or  secondary 
planets,  revolving  about  Jupiter,  in  the  same 
manner  as  the  primary  planets  revolve  about 
the  sun.  The  telescope  with  which  these 
observations  were  made  magnified  about 
thirty-three  times. 

These  satellites  form  a  system  of  revolving 
bodies,  somewhat  similar  to  the  great  system 
of  the  sun  and  primary  planets.  As  the  sun 
is  the  centre  of  the  primary  planets,  so  Jupi- 
ter is  the  immediate  central  body  around 
which  the  satellites  revolve ;  but  while  these 
revolutions  are  going  forward,  the  satellites 
are  at  the  same  time  carried  along  with  Jupiter 
in  his  course  round  the  sun.  The  satellites 
are  governed  by  the  same  laws  as  the  primary 
planets;  they  describe  equal  arej^s  in  equal 
times;  and'have  the  squares  of  their  periodi- 
cal times  proportioned  to  the  cubes  of  their 
mean  distances  from  the  planet.  They  re- 
volve from  west  to  east,  in  the  same  direction 
as  the  moon  and  the  primary  planets — and  in 
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planes  very  nearly,  though  not  exactly,  coin- 
cident with  the  equator  of  the  planet,  or 
parallel  to  its  belts.  Accordingly,  we  see 
their  orbits  projected  very  nearly  into  straight 
lines,  in  which  they  appear  to  oscillate  to 
and  fro,  sometimes  passing  before  Jupiter,  and 
casting  shadows  on  his  disk,  and  sometimes 
disappearing  behind  his  body,  or  being  eclipsed 
by  his  shadow  at  a  distance  from  it.  It  has 
been  established,  from  observation,  that  247 
revolutions  of  the  first  satellite,  123  revolu- 
tions of  the  second  satellite,  and  61  of  the 
third  satellite,  are  performed  exactly  in  the 
same  number  of  days.  It  has  been  found,  by 
La  Place,  that  "  the  epoch  (or  mean  longitude) 
of  the  first  satellite,  minus  three  times  that  of 
the  second,  plus  two  times  that  of  the  third, 
is  exactly  equal  to  a  semicircle,  or  180  de- 
grees." From  this  it  follows,  that  the  first 
three  sateUites  of  Jupiter  can  never  be 
eclipsed  at  the  same  time  ;  for,  if  this  were 
possible,  the  longitude  of  three  satellites  would 
be  equal  at  the  time  of  their  ecHpse,  which  is 
impossible. 

These  satellites  suffer  numerous  eclipses 
in  their  revolutions  round  Jupiter.  The  first 
three  suffer  an  eclipse  every  time  they  are  in 
opposition  to  the  sun.  The  first  is  in  opposi- 
tion every  forty-two  and  a  half  hours,  and 
consequently  suffers  about  eighteen  eclipses 
every  month.  The  second  and  third  Ukewise 
suffer  a  variety  of  eclipses  every  month  ;  but 
the  fourth  satellite  frequently  passes  its  oppo- 
sition without  being  involved  in  the  shadow 
of  Jupiter,  as  its  orbit  has  a  greater  degree  of 
incUnation  to  the  orbit  of  Jupiter,  than  those 
of  the  other  satellites.  During  the  year 
1845,  there  happened  174  visible  eclipses  of 
the  first  satellite,  88  of  the  second,  and  45  of 
the  third— besides  those  which  are  invisible 
on  account  of  Jupiter's  nearness  to  the  sun. 
Whereas  the  fourth  satellite  did  not  suffer  a 
single  eclipse  during  the  year  1846.  These 
satelhtes  may  be  seen  whh  a  telescope  mag- 
nifying about  twenty-five  or  thirty  times ;  but, 
in  order  to  see  their  eclipses  to  advantage, 
the  telescope  should  be  furnished  with  powers 
of  100  or  200  times.  The  circumstances  to 
be  chiefly  observed,  in  reference  to  the  satel- 
lites, are,  their  echpses — that  is,  their  enter- 
ing into  the  shadow  of  Jupiter,  when  they 
suddenly  disappear,  or  their  emersion  from  it ; 
their  occultations  or  disappearance  behind  the 
body  of  the  planet ;  their  transits  or  passage 
across  its  disk;  and  the  transits  of  their 
shadows  across  the  face  of  Jupiter,  which  ap- 
pear like  dark  spots  on  a  bright  ground— all 
which  phenomena  may  be  perceived  by  means 
of  powerful  telescopes.  When  they  pass 
aross  the  disk  of  Jupiter,  and  project  a  shadow 
on  his  surface,  this  produces  a  solar  eclipse  to 
ail  those  places  over  which  the  shadow  passes. 


It  has  been  concluded,  from  observations 
made  by  Sir  W.  Herschel  and  others,  that  the 
satellites  of  Jupiter  always  turn  the  same  face 
to  the  planet,  and  make  one  rotation  on  their 
axis  during  one  revolution  round  the  planet 
— which  corresponds  with  what  we  find  in 
the  case  of  our  moon,  which,  as  formerly 
noticed,  always  turns  the  same  hemisphere  to 
the  earth.  The  following  table  shows  the 
magnitudes  of  these  bodies,  their  times  of 
revolution,  their  distances  from  Jupiter  in  miles, 
and  the  duration  of  their  eclipses  : — - 

Diameter    Dist.  from  Times  of   Revo-     Duration 
in  Miles,       Jupiter.  lution.  of  Eclipse. 

1st  satellite,  2,508     260,000     Id.  18h.  28ni.     2h. 
2d  2.068      420,000     .3       13      14^       3 

3d  3,377     670,000    7        3 '   43         3^ 

4th  2,890  1,180,000  16      16     32         5 

The  fourth  satellite  is  about  three  times  the 
bulk  of  our  moon,  and  all  the  satellites  taken 
together  are  equal  to  nearly  thirteen  of  our 
moons.  The  number  of  square  miles  on  the 
surface  of  all  the  satellites  is  above  ninety-five 
millions.  Fig.  48  shows  the  orbits  of  the  four 
satellites,  though  not  in  the  exact  proportion 
of  their  distances  from  Jupiter — the  fourth 
satelhte  being  nearly  double  the  distance  of 
the  third.  When  a  satellite  moves  through 
the  part  of  its  orbit,  a  h  c,  which  is  farthest 
distant  from  the  earth — which  is  supposed  to 
be  placed  in  the  direction  e — it  appears  to  move 
from  west  to  east ;  but  when  it  moves  through 
the  other  portion  of  its  orbit,  c  d  a^ii  appears 

Fig.  48. 


to  move  from  east  to  west.     But,  as  our  eye 
is   nearly  on  a  level  with  the  plane   of  the 
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orbits  of  these  satellites,  their  motions  appear  gi!)bous  phase,  and  a  fuil  enlightened  hemi- 
to  be  performed  nearly  in  straight  lines,  sphere,  with  ail  the  variations  of  the  belts 
Though  their  enlightened  sides  are  almost  which  diversify  its  surface.  Besides,  the  ap- 
constantly  turned  towards  the  earth,  yet  they  pearances  of  the  other  three  moons  in  its 
present  all  the  varied  phases  of  the  moon  to  firmament  will  be  highly  interesting.  At  cer- 
Jupiter  himself — sometimes  appearing  as  ere-  tain  times,  one  of  these  moons  will  come  so 
scents,  sometimes  as  half-moons,  and  some-  near  the  first  satellite  as  to  appear  three  times 
times  shining  with  full  enlightened  hemi-  larger  than  the  moon  does  to  us,  and,  at  other 
spheres.  -  times,   it   will   appear  sixteen    times   smaller 

The  eclipses  of  these  satellites  have  been  tharj  in  its  former  position;  and  a  variety  of 
found  of  great  utility  in  determining  the  Ion-  other  phenomena  will  be  presented,  which  it 
gitude  of  places  on  the  surface  of  our  globe,  would  be  too  tedious  to  describe — all  which 
in  a  manner  much  more  accurate  and  easy  will  present  to  view  objects  of  overpowering 
than  was  known  prior  to  their  discovery,  grandeur,  far  superior  to  what  we  behold  in 
They  also   led   to   the  discovery  of  a  sublinie   our  nocturnal  sky. 

and  unexpected  flict,  namely,  the  motion  of  On  the  whole,  the  planet  .Jupiter,  as  accom- 
light,  and  the  rate  at  which  it  is  propagated  panied  with  his  satellites, presents  to  our  view 
through  the  reg-ii:)ns  of  space.  It  was  found  an  object  of  surpassing  grandeur  and  sublim- 
that  a  ditference  of  sixteen  and  a  half  minutes  ity,  when  we  contemplate  the  vast  magnitude 
existed  between  the  times  when  the  eclipses  of  this  magnificent  globe,  and  the  velocity 
were  seen  when  Jupiter  was  nearest  the  earth,  with  which  it  flies  through  the  regions  of 
and  when  he  was  farthest  distant ;  and  it  was  space.  Let  us  conceive,  if  we  are  able,  a 
concluded  that  light  requires  this  space  of  time  globe,  fourteen  hundred  times  the  size  of  our 
to  fly  across  the  earth's  orbit,  which  is  one  world,  with  a  surface  capable  of  containing  a 
hundred  and  ninety  millions  of  miles  in  di-  number  of  inhabitants,  eight  thousand  times 
ameter,  and,  consequently,  that  light  moves  greater  than  the  present  population  of  our 
with  a  velocity  of  about  one  hundred  and  globe  ;  let  us  conceive  such  a  globe  revolving 
ninety-two  thousand  miles  every  second.  This  round  its  axis  at  the  rate  of  four  hundred  and 
conclusion  has  been  fully  confirmed  by  Dr.  sixty  miles  in  a  minute,  and  flying  through 
Bradley's  discovery  of  the  aberration  of  the  the  regions  of  the  heavens  at  the  rate  of  nearly 
light  of  the  fixed  stars.  thirty    thousand    miles    every   hour,  carrying 

The  four  moons,  which  accompany  this  along  with  it  four  revolving  worlds;  in  its  swift 
planet,  must  exhibit  many  curious  and  sub-  career,  and  continuing  this  rapid  course,  with- 
lime  phenomena  to  its  inhabitants,  as  they  out  intermission,  from  one  century  to  another, 
perform  their  nocturnal  courses  through  their  for  thousands  of  years — and  we  behold  a  scene, 
firmament.  Sometimes  they  will  be  seen  calculated  to  fill  every  reflecting  mind  with  ad- 
eclipsing  the  sun,  and,  at  other  times,  the  stars,  miration  and  astonishment.  While  conteni- 
and  sometimes  eclipsing  each  other.  Some-  plating  such  a  scene,  can  we  forbear  raising 
times  tw^o,  three,  and  even  all  the  four  will  our  thoughts  to  that  Almighty  Btung,  who  at 
be  seen  shining  in  the  heavens  in  one  bright  first  formed  this  mighty  globe,  and  launched 
assemblage — one,  perhaps,  in  the  form  of  a  it  from  his  powerful  arm,  and  whose  incessant 
crescent;  one  with  a  gibbous  phase  ;  one  like  energy  sustains  it  in  its  swift  career  from  age 
a  half-moon ;  and  the  other  with  a  full  en-  to  age  1  Here  we  behold  a  demonstrative 
lightened  hemisphere;  one  moving  compara-  proof  that  '"povifer  belongeth  unto  God  ;"  that 
tively  slow,  and  another  rushing  rapidly  "  his  greatness  is  unsearchable ;"  that  "  all 
through  the  sky,  and  leaving  all  the  others  nations  before  him  are  as  notliing ;"  that  there 
behind  it ;  one  under  a  total  eclipse,  another  is  none  like  unto  Jehovah,  nor  any  works  like 
entering  into  it,  and  a  third  emerging  from  it.  unto  his  works;  that  He  "  doth  great  things, 
These  and  many  other  celestial  phenomena,  and  unsearchable,"  and  "  marvellous  things 
must  be  highly  interesting  and  gratifying  to  without  number."  And  here  we  have  palpa- 
the  astronomers  and  all  others  in  that  far  dis-  ble  evidence  to  confirm  our  belief  that  there 
tant  world.  The  celestial  scenes  exhibited  can  be  nothing  beyond  the  power  of  Jehovah 
from  the  satellites  themselves  will  be  no  less-  to  accomplish,  and  that  we  may  rest  secure 
interesting  and  sublime.  From  the  surface  of  that  all  the  promises  and  predictions  of  hig 
the  first  satellite,  the  globe  of  Jupiter  will  ap-  word  shall,  in  due  time,  be  fully  accomplished, 
pear  like  an  immense  body  in  the  firmament,  to  the  eternal  happiness  of  all  those  who  put 
above  a  thousand  times  the  size  that  the  moon  their  trust  in  Hi/n  :  '*  For  the  Lord  God  om^ 
appears  to  us,  and  filling  a  large  portion  of  nipotent  reigneth,  his  kingdom  ruleth  over 
the  sky  ;  and  it  will  exhibit,  in  the  course  of  all;"  and  his  faithfulness  is  established  "is 
twenty-one  hours,  a  crescent,  a  half-moon,  a  the  very  heavens." 
(984) 
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Section  VI. 
On  the  Planet  Saturn. 

This  planet  is  situate  at  nearly  double  the 
distance  from  I  he  sun  as  the  planet  Jupiter — an 
immense  interval  of  410  njillions  of  miles  in- 
tervening between  the  orbits  of  these  planets, 
although  next  to  each  other  in  the  order  of 
the  system.  Its  distance  from  the  sun  has 
been  estimated  at  9o6  millions  of  miles  ;  when 
nearest  to  the  earth,  it  is  81 1  millions  of  miles 
distant  from  us;  and,  when  most  remote,  it  is 
distant  above  a  thousand  millions  of  miles. 
It  takes  nearly  i\\n'\y  years  to  perform  its  revo- 
lution round  the  sun — during  which  period  it 
moves  round  a  circumference  of  nearly  five 
thousand  seven  hundred  mill  ons  of  miles,  at 
the  rate  of  twenty-two  tiiousand  miles  every 
hour.  Its  period  of  rotation  was,  for  a  long 
time,  unknown  ;  but  Sir  W.  Herschel,  from 
observing  the  motion  of  some  spots  on  its 
surface,  at  length  ascertained  that  it  turned 
round  its  axis  in  the  sj)ace  of  ten  hours,  six- 
teen minutes,  and  nineteen  seconds. 

When  viewed  by  the  naked  eye,  this  planet 
presents  the  apjjearance  of  a  nebulous  star, 
of  a  dull  leaden  colour,  which  would  lead  one, 
at  first  sight,  to  imagine  that  it  could  present 
no  very  interesting  appearance,  even  through 
a  telescope;  and,  as  its  motion  is  slow,  it  is 
hardly  distinguishable  from  a  fixed  star.  Its 
motion  being  slow  compared  with  that  o^l  most 
of  the  other  planets — if  it  be  once  recognized 
in  the  heavens,  by  any  observer,  near  any 
large  star,  it  will  be  found,  from  year  to  year, 
making  only  a  slow  progress  to  the  eastward 
from  that  point.  Its  apparent  motion  in  that 
direction,  in  the  course  of  a  year,  is  little  more 
than  twelve  degrees,  or  less  than  the  moon 
moves  in  twenty-four  hours.  Hence,  if  we 
perceive  this  planet  m  any  particular  point  of 
the  heavens  this  year,  about  the  same  time 
next  year  it  will  appear  only  about  twelve  de- 
grees farther  to  the  east.  In  the  year  1846, 
Saturn  might  be  seen  rising  on  the  6th  of 
July,  about  10  o'clock  in  the  evening,  in 
north  latitude  52  degrees,  near  the  south- 
eastern part  of  the  sky;  and  in  1847,  about 
twelve  days  later,  or  about  the  17th  of  July, 
he  might  be  seen  rising  at  the  same  hour,  nearly 
in  the  same  point  of  the  horizon :  thus  the 
time  of  his  appearance  in  the  evening,  from 
year  to  year,  may  be  readily  traced  by  any 
common  observer. 

Notwithstanding  the  dull  appearance  of 
this  planet  to  the  naked  eye,  when  viewed 
through  a  powerful  telescope,  it  presents  a 
more  singular  and  magnificent  appearance 
than  any  other  body  connected  with  the  solar 
system  ;  and  were  it  as  near  us  as  Mars,  or 
evsn  as  Jupiter,  it  would  present  a  splendid 
124 


aspect  even  to  the  naked  eye.  The  ancients, 
who  first  traced  the  motion  of  this  planet, 
could  form  no  idea  of  the  grandeur  of  Saturn, 
and  of  the  system  with  which  it  is  connected; 
and  their  astrologers,  on  account  of  his  pale 
leaden  hue,  accounted  him  as  a  cheerless,  un- 
fortunate planet,  and  as  shedding  a  malign 
influence  upon  the  inhabitants  of  the  earth 
But  after  ages  of  darkness  and  superstition 
had  rolled  away,  the  telescope,  which  has  un- 
folded to  us  the  wonders  of  the  heavens,  was 
invented,  and,  by  the  help  of  this  noble  instru- 
ment, a  system  of  revolving  bodies  was 
discovered  around  this  planet,  and  a  piece  of 
celestial  mechanism  disclosed  to  view,  more 
wonderful  and  magnificent  than  any  other 
object  within  the  limits  of  our  system — the 
existence  of  which  we  could  never  previously 
have  anticipated. 

In  magtntude,  this  planet  nearly  approxi- 
mates to  the  size  of  Jupiter.  Its  diameter  is 
estir»iated  at  seventy-nine  thousand  miles  ;  its 
surface  contains  nineteen  thousand  six  hun- 
dred millions  of  square  miles;  and  its  solid 
contents  amount  to  two  hundred  and  sixty-one 
billions,  three  hundred  thousand  mjliions  of 
cubical  miles.  It  is,  consequently,  nearly  a 
thousand  times  larger  than  our  globe.  With 
powerful  telescopes,  four  or  five  belts  have 
been  discovered  on  its  surface,  which  are 
broader  and  less  strongly  marked  than  those 
of  Jupiter,  and  are  not  subject  to  the  varia- 
tions which  appear  in  Jupiter's  belts — and 
therefore  it  is  probable  that  they  form  perma- 
nent portions  of  the  globe  of  Saturn,  indicating 
that  there  is  a  diversity  of  surface  on  this 
planet;  but  whether  land  and  water,  or  any 
other  substance,  is  to  us  unknown.  Its  figure, 
like  that  of  Jupiter,  is  a  spheroid — tlie  pro- 
portion of  the  polar  and  equatorial  diameters 
being  nearly  as  eleven  to  twelve;  consequent- 
ly, the  equatorial  diameter  is  6700  miles 
longer  than  the  polar.  The  quantity  of  light 
it  receives  from  the  sun  is  only  the  one-nine- 
tieth part  of  what  we  receive;  but  this  por- 
tion of  light  is  equal  in  ellect  to  the  light 
which  would  be  reflected  from  a  thousand  lull 
moons  of  the  size  of  that  which  is  connected 
with  our  world.  The  density  of  this  planet 
is  less  than  that  of  any  other  planet  in  the 
system.  It  has  been  calculated,  on  physical 
principles,  that  a  ball  of  cork  equal  in  size  to 
Saturn  would  nearly  counterpoise  it,  that  is 
would  be  nearly  of  the  same  weight;  so  tliat 
its  specific  gravity  is  less  than  half  the  weight 
of  water.  Notwithstanding,  it  is  possible  tha-t 
the  density  of  the  materials  on  its  surface  may 
be  as  great  as  those  substances  which  form  the 
upper  crust  of  our  globe  ;  and  its  density, 
instead  of  increasing  towards  the  centre,  as 
is  the  case  with  the  earth,  may  giadualiy 
decrease  from  its  surface  to  its  central  parts, 
4  0  ^985) 
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so  that  the  materials  near  the  centre  may  be 
as  light  as  air. 

The  satellites  of  Saturn, — This  planet  is 
accompanied  with  a  more  numerous  train  of 
attendants  than  any  of  the  other  planets.  No 
fewer  than  seven  large  moons  have  been 
discovered  moving  around  this  migjity  orb  to 
diffuse  light  over  its  surface  in  the  absence  of 
the  sun,  and  to  diversify  the  scenery  of  its 
firmament.  It  was  nearly  half  a  century 
after  the  invention  of  the  telescope,  before  any 
of  these  satellites  were  discovered.  The  first 
of  these  bodies  which  was  discovered  was 
that  which  is  the  sixth  in  the  order  of  distances 
from  Saturn.  It  was  discovered  on  the  35th 
of  March,  1655,  by  Huygens,  a  celebrated 
Dutch  astronomer.  In  his  work,  entitled 
"  Systema  Satarnium,"  published  in  1659,  he 
gives  us  an  account  of  sixty  observations — 
each  accompanied  with  a  figure — which  he 
made  on  the  various  positions  of  this  satellite 
in  respect  to  Saturn,  in  order  to  determine 
that  it  was  a  revolving  body  which  performed 
a  circuit  around  Saturn  as  a  centre.  These 
observations  were  made  with  a  common  re- 
fracting telescope,  twelve  feet  long,  which 
magnified  about  sixty-eight  times,  but  had 
not  power  nor  light  sufiicient  to  show  the  rest 
of  the  satellites.  It  was  not  till  the  year  1671, 
that  any  other  satellite  was  discovered :  in 
that  year  Cassini,  a  French  astronomer, 
discovered  the  seventh  satellite,  or  the  most 
distant  from  Saturn,  which  is  next  in  bright- 
ness to  the  sixth;  and  in  1672,  the  same 
observer  discovered  the  fifth  satellite.  Four- 
teen years  afterwards,  namely,  in  1686,  he 
discovered  the  third  and  fourth ;  and  in  mak- 
ing these  observations  he  used  telescopes  of 
more  than  a  hundred  feet  in  length :  though 
he  tells  us  that  afterwards  he  could  see  all  the 
five  satellites  with  a  telescope  only  thirty-four 
feet  long,  which  could  bear  a  magnifying 
power  of  only  about  one  hundred  and  twenty 
times.*'  No  other  satellites  were  discovered 
till  more  than  a  century  afterwards  ;  when 
Sir  W.  Herschel  erected  at  Slough,  near 
Windsor,  his  large  forty  feet  reflecting  tele- 
scope. On  the  first  day  this  telescope  was 
fit  for  observation,  namely  on  the  28th  of 
August,  1789,  the  second  satellite  was  dis- 
covered, and  soon  after,  the  same  unwearied 
observer  discovered  the  first,  by  means  of  the 
same  instrument.    These  satellites  cannot  ail 


*  The  long  telescopes  here  alluded  to— which 
were  very  difficult  to  manage,  and  required  great 
dexterity  and  address  in  using  them— are  now 
entirely  superseded  by  the  invention  of  achro- 
matic and  reflecting  telescopes,  which  will  bear  a 
high  power,  with  a  comparatively  short  length  of 
tubt  an  achromatic  telescope,  five  feet  long,  may 
carry  a  magnifying  power  superior  to  that  of  a 
common  refracting  telescope  a  hundred  feet  in 
length. 
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be  seen  but  by  means  of  powerful  instruments. 
The  sixth  and  seventh,  or  the  tvi'o  outermost, 
may  be  perceived  by  means  of  telescopes 
magnifying  from  eighty  to  one  hundred  times; 
but  the  two  innermost,  discovered  by  Herschel, 
are  the  most  difficult  objects  to  be  perceived 
throughout  the  whole  range  of  the  solar  sys- 
tem, and  have  seldom  or  never  been  seen  with 
a  less  instrument  than  a  twenty-feet  reflector, 
and  eighteen  inches  aperture.  It  has  been 
remarked,  that  the  seventh  satellite,  or  the 
most  distant  from  Saturn,  is  sometimes  not 
visible  in  the  eastern  part  of  its  orbit  and 
that  it  appears  to  grow  dimmer  and  dimmer 
as  it  recedes  from  its  primary.  This  has 
been  accounted  for  by  supposing  that  it  is 
sometimes  covered  with  spots,  and  at  other 
times  free  from  them,  or,  if  the  spots  be  per- 
mament,  that  it  has  a  rotation  round  its  own 
axis.  The  following  are  the  periods  of  the 
sidereal  revolutions  of  these  satellites,  and 
their  distance  from  Saturn  in  miles.  The 
first  satellite,  or  that  nearest  to  Saturn,  per- 
forms its  revolution  in  twenty-two  hours  and 
a  half,  at  the  distance  of  120,000  miles  from 
the  centre  of  the  planet,  and  only  18,000 
miles  from  the  edge  of  the  ring.  Of  course, 
this  satellite  will  move  round  the  visible  hemi- 
sphere of  Saturn's  firmament  in  little  more 
than  eleven  hours.  The  second  satellite  re- 
volves round  the  planet  in  one  day  and  about 
nine  hours,  at  the  distance  of  150,000  miles. 
The  third  satellite  performs  its  revolution  in 
one  day  twenty-one  hours  and  a  quarter,  at 
the  distance  of  190,000  miles.  These  three 
satellites  are  all  much  nearer  to  Saturn  than 
our  moon  is  to  the  earth  ;  and  as  they  are 
undoubtedly  larger  than  our  moon,  they  must 
present  a  large  and  splendid  appearance  to 
the  inhabitants  of  Saturn.  The  fourth  satel- 
lite completes  its  circuit  in  two  days,  seventeen 
hours  and  three  quarters,  at  the  distance  of 
243,000  miles,  or  a  little  more  than  the  dis- 
tance between  the  earth  and  moon.  The 
fifth  satellite  finishes  its  periodical  revolution 
in  four  days,  12  hours,  fifty-five  minutes,  at 
the  distance  of  340,000  miles.  The  sixth  re- 
quires a  period  of  fifteen  days,  and  twenty. 
two  hours  and  three  quarters,  and  revolves  at 
the  distance  of  788,000  miles.  The  seventh, 
or  outermost  satellite,  requires  seventy-nine 
days  and  about  eight  hours  to  complete  its 
revolution,  and  its  orbit  is  2,297,000  miles 
from  the  centre  of  Saturn,  or  more  than  nine 
times  the  distance  between  the  earth  and 
the  moon.  The  orbits  of  the  six  interior 
satellites  are  nearly  circular,  and  very  nearly 
in  the  plane  of  the  ring.  The  orbit  of  the 
seventh  approaches  nearer  in  co-incidence 
with  the  eclij)tic. 

These  satellites,  like  those  of  Jupiter,  un- 
dergo frequent  eclipses  ;  but  oil  account  of 


Hosted  by  Google 


THE  RINGS  OF  SATURN. 


73 


their  great  distance  from  the  earth,  these 
eclipses  are  not  frequently  observed.  It  is 
evident  that  such  a  numerous  assemblage  of 
moons  revolving  around  this  planet  at  differ- 
ent distances  and  in  dilferent  periods  of  time, 
will  present  a  most  beautiful,  variegated,  and 
sublime  appearance  in  the  heavens  of  Saturn  ; 
especially  when  all  the  seven  satellites  hap- 
pen to  appear  at  the  same  time  above  the  ho- 
rizon. Then  one  will  appear  as  a  full  moon, 
another  as  a  crescent,  and  another  with  a 
half  moon,  or  a  gibbous  phase — one  entering 
into  an  eclipse,  and  another  emerging  from 
it — the  two  inner  satellites,  on  account  of 
their  nearness  to  the  planet,  presenting  the 
largest  disks,  and  the  most  splendid  appear- 
ance, and  moving  with  great  velocity  in  iheir 
orbits,  rapidly  passing  the  other  satellites,  at 
different  rates  of  motion,  and  leaving  them 
behind  in  their  courses.  On  the  surface  of 
Saturn  itself,  a  curious  effect  will  be  produced, 
and  a  diversified  scene  presented.  The 
shadows  of  all  objects  will  be  projected  in 
different  directions  by  the  different  satellites, 
according  to  their  relative  positions  in  the 
heavens.  One  satellite  will  project  the 
shadow  of  an  elevated  object  towards  the  east, 
another  will  project  it  towards  the  west ;  a 
third  will  make  it  fall  towards  the  north ;  and 
in  a  variety  of  other  directions,  according  to 
the  number  of  satellites  above  the  horizon, 
and  the  positions  they  occupy  in  the  firma- 
ment ;  and  the  swift  motion  of  the  first  two 
satellites  will  cause  the  direction  of  these 
shadows  rapidly  to  change.  In  addition  to  all 
this  variety  of  celestial  scenery  there  is  the 
grand  spectacle  produced  by  the  magnificent 
rings  with  which  the  planet  is  encircled — 
which  we  will  now  endeavour  to  describe. 


Sectiojt  VII. 

On  the  Rings  of  Saturn. 

These  rings  form  one  of  the  most  wonder- 
ful objects  connected  with  the  solar  system. 
Galileo,  soon  after  he  had  presented  his  new- 
ly-invented telescope  to  the  heavens,  was  the 
first  of  mortals  who  caught  a  glimpse  of  this 
singular  appendage  to  the  globe  of  Saturn ; 
but  on  account  of  the  want  of  sufficient 
power  in  his  telescope,  he  did  not  recognize 
the  nature  of  the  object  he  was  contemplat- 
ing. From  what  he  could  discern,  he  ima- 
gined that  Saturn  consisted  of  three  globes — 
a  larger  globe  in  the  middle,  and  two  small 
globes,  one  on  each  side,  and  all  the  three 
nearly  touching  each  other.  After  viewing 
this  phenomenon  for  the  space  of  two  years, 
he  was  amazed,  at  the  end  of  this  period,  to 


find  the  middle  globe  left  quite  ahme,  an,l  the 
two  smaller  globes  to  have  disappeared  ;  but 
after  a  period  of  about  a  year  he  again  caught 
a  gUmpse  of  them,  when  they  continued  visi- 
ble for  about  fourteen  years  in  succession. 
Nearly  half  a  century  elapsed  before  the  true 
nature  and  form  of  this  extraordinary  pheno- 
menon were  discovered.  During  this  period 
many  were  the  strange  conjectures  which 
were  formed  respecting  it.  Some  astrono- 
mers thought  that  the  two  small  globes  stuck 
to  the  middle  globe,  others  that  they  were 
separated  from  it.  Some  thought  that  the 
phenomenon  consisted  of  one  longish  body, 
or  ellipsoid,  and  that  it  was  perforated  with  a 
very  large  hole,  or  opening  on  each  side. 
Some  imagined  that  two  bodies,  each  of  the 
form  of  a  crescent,  were  connected  with  the 
body  of  Saturn,  and  one  placed  on  each  side; 
and  some  that  the  phenomenon  consisted  of 
an  elliptical  ring,  but  that  this  ring  was  at- 
tached to  the  globe  of  Saturn,  above  and  be- 
low. Huygens,  in  his  "  Systema  Saturnium," 
presents  us  with  fourteen  engravings  of  the 
various  forms  which  different  astronomers 
had  conceived  respecting  this  appendage  to 
the  globe  of  Saturn,  some  of  which  are  very 
curious,  and  almost  ridiculous,  yet,  in  some 
cases,  indicating  considerable  ingenuity  of 
conception.  It  was  not  till  about  the  years 
1655  and  1656 — forty-six  years  after  the  in- 
vention of  the  telescope — that  the  real  nature 
and  figure  of  this  singular  phenomenon  were 
discovered  by  Huygens.  This  ingenious 
mathematician  and  astronomer,  in  order  to 
settle  the  disputes  on  this  subject,  resolved,  in 
the  first  place,  to  improve  the  art  of  grinding 
object-glasses,  so  as  to  increase  the  magnify- 
ing power  of  telescopes  ;  and  in  this  he  suc- 
ceeded so  far  as  to  make  some  that  magnified 
two  or  three  times  more  than  those  which  had 
been  previously  in  use.  With  a  telescope 
twelve  feet  long  and  another,  twenty-three 
feet  in  length — which  would  magnify  nearly 
a  hundred  times — and,  after  a  long  series  of 
observations,  he  demonstrated  the  true  cause 
of  those  surprising  phenomena,  which  had 
puzzled  all  preceding  astronomers,  and  showed 
to  a  certainty  that  Saturn  is  surrounded  with 
an  immense  ring,  which  is  entirely  separated 
from  its  body  by  an  interval  of  many  thou- 
sand miles,  and  that  the  diameter  of  the  ring, 
in  proportion  to  the  diameter  of  the  planet, 
was  as  9  to  4. 

Since  the  time  of  Huygens,  it  has  been 
discovered  that  this  circular  arch,  which  sur- 
rounds Saturn,  is  composed  of  two  concentric 
rings,  separated  by  an  interval  of  nearly  two 
thousand  miles.  The  following  are  the  di- 
mensions of  these  rings,  as  calculated  by  Sir 
J.  Herschel,  from  the  measurements  of  Pro- 
fessor Struve,  made  at  Dorpat — by  means  of 
(987) 
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the  superb  micrometer  attached  to  his  great  among  the  stars.  They  will  not  be  visible  at 
telescope: — Exterior  diameter  of  the  exterior  the  poles  of  the  planet,  on  account  of  the 
ring,  176,4  18  miles;  interior  diameter  of  convexity  of  the  globe  of  Saturn,  interposing 
ditto,  155,272.  Exterior  diameter  of  the  in-  between  them  and  the  observer;  but,  nearthe 
terior  ring,  151,690;  interior  diameter  of  polar  regions,  a  segment  of  the  rings  will  ap- 
ditto,  117,  339.  Equatorial  diametpjr  of  the  pear,  presenting  a  brilliant  appearance  in  the 
body  of  Saturn,  79,160.  Interval  between  horizon.  Advancing  from  these  regions  to- 
the  plnnet  and  the  interior  ring,  19,090.  In-  wards  the  equator,  they  will  appear  to  span 
terval  between  the   two  rings,  1791.     Thick-   the  heavens,   like   brilliant  arches  of  different 

degrees   of  magnitude,  till,  approaching  near 


the  equator,  they  will  appear  in  the  form  of 
complete  semicircles.  Fig.  49  presents  a 
rude  sketch  of  the  rings,  as  they  will  appeal 

Figs.  49,  50,  61,  63. 


ness  of  the  rings,  100  miles.  These  di- 
mensions are  considered  by  some  as  rather 
too  small.  Sir  William  Herschel,  and  all 
the  astronomers  who  preceded  him,  esti- 
mated the  exterior  diameter  of  the  exterior 
ring  as  above  two  hundred  thousand  miles ; 
and  Sir  John  Herschel  himself  admits,  that 
"  the  interval  of  the  rings  above  stated  is  pos- 
sibly too  small."  Still  the  dimensions  here 
stated  convey  to  us  a  niost  astonishing  idea 
of  the  magnitude  and  grandeur  of  those  mag- 
nificent rings  which  encompass  the  globe  of 
Saturn.  Sir  W.  Herschel,  by  means  of  seve- 
ral protruberant  points  connected  with  the 
ring,  discovered  that  it  has  a  swift  rotation 
around  the  globe  of  Saturn,  which  it  accom- 
plishes in  about  ten  hours  and  a  half — which, 
reckoning  its  circumference,  according  to  the 
lowest  dimensions,  at  554,234  miles,  is  a  ve- 
locity of  about  nine  hundred  miles  every 
minute. 

This  double  ring  is  evidently  a  solid  body, 
as  appears  by  its  throwing  a  well-defined 
shadow  upon  the  body  of  the  planet,  on  the 
side  nearest  the  sun,  and  on  the  other  side 
receiving  the  shadow  of  the  planet  itself, — 
which  is  seen,  at  certain  limes  by  means  of 
powerful  telescopes.  It  is  every  where  at 
least  twenty  thousand  miles  distant  from  the 
surface  of  the  planet,  and  yet  it  is  carried 
along  wilh  it  in  its  annual  revolution  round 
the  sun  ;  and,  therefore,  if  it  were  not  a  solid 
body,  it  would  either  fly  off  from  Saturn,  or  its 
centrifugal  force,  caused  by  its  rapid  rotation, 
would  dissipate  all  its  parts,  and  disperse 
them  around  the  body  of  the  planet.  These 
rings  contain,  on  all  their  surf^ices  taken  to- 
gether, an  area  of  more  than  twenty  thou- 
sand millions  of  square  miles,  which  is  more 
than  a  hundred  times  the  area  of  our  globe. 
They,  therefore,  contain  ample  space  for  the 
accommodation  of  thousands  of  millions  of 
inliabitanls.  from  such  a  position,  together  with   a  partial 

In  consequence  of  the  immense  size  of  these  view  of  the  nocturnal  firmament  of  Saturn, 
nngs,  and  the  large  space  they  will  occupy  But  no  pictorial  representation,  however  am- 
in  the  heavens,  they  will  present  a  magnifi-  pie  the  scale,  can  convey  even  an  approximate 
cent  spectacle  from  those  regions  of  the  idea  of  the  august  and  splendid  objects  which 
planet  which  lie  under  their  enlightened  must  diversify  and  adorn  the  nocturnal  sky 
sides,  particularly  those  places  which  are  situ-  of  Saturn.  For,  besides  the  rings,  which 
ated  not  far  from  the  planet's  equator.  They  will  form  the  most  striking  and  magnificent 
will  appear  as  vast  arches,  spanning  the  spectacle,  there  are  seven  moons,  three  or 
firmament  from  one  part  of  the  horizon  to  the  four  of  which  generally  diversify  the  celestial 
opposite,  and  holding  an  invariable  situation  hemisphere,  appearing  in  diireient  poijitions, 
(988) 
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and  with   diiferent  phases;  and,  somptimes,  '20th  degree   of   Pisres.     The   sun   shines  052 

the  whole  seven   satellites  may  be   beheld  in  the  one  side  of  this  ring  during   a    peiiod  of 

one  bright  assemblage,  pursuing  their  different  nearly  15  years,  and  the  regions  of  the  pUmet, 

courses  among  the  stars,  and  rapidly  shifting  that   lie   under   the  dark   side,  sufler  a  soiar 

their  positions  and  aspects.  eclipse,  under   its   shadow,   during   the  same 

The  views   of  Saturn   and   the   rings,  ob-  period.     But  there  is  no  doubt  that  this  appa- 

tained  by  powerful  telescopes,  are    highly  in-  rent  defect  is   coinpensated,   not  only  by  the 

teresfing   and  beautiful ;  but   the   appearance  light  of  the  satellites,   but   by  other  arrange- 

of  the    rings   is   not  the   same   at  all  times,  ments,  with  which  we  are  unacqnainted.  'J'his 

When  seen    to   the  greatest  advantage,  they  planet,  with  its  rings,  would   exhibit  a  more 

appear   as   represented  in  fig.  50,  where  they  splendid  and  interesting  a))pearance  through 

assume  the  appearance  of  ellipses,   or  ovals,  our  telescopes,   could    we  view  the   rings,  not 

with  the  planet  in   the  centre,  and   on   each  obliquely,  but  as  standing   at   right   angles  to 

side  of  the   planet  the  dark  space  or   interval  our  line  of  vision,  as   represented   in   fig.  52. 

between  the  interior   ring"  and   Saturn.     The  This  represents  the  real  position  of  the  rings 

division  between  the  rings   is   intlicated   by  a  in  respect  to  the.  planet;  but  our  eye  is  never 

dark  line  which  seems  to  go  round   the  ring,  so    much    elevated    above    the   plane  of   the 

which  is  the  empty  space   by  which  they  are  rings  as  to  view  them  in   this   manner;  it  is 

separated.     It  is  only  about  once  in  15  years,  never   elevated   more   than    30  degrees  above 

however,  that   the   rings  appear   so  open  as  the  planes  of  the  rings,  so  that  we  never  see 

here    represented;    and   sometimes   they   are  the  rings   more   fully  expanded   than  wnat  is 

altogether  invisible  as  seen   from  the   earth,  represented  in  fig.  50. 

This  happened  in  October,  1832;  and  after  Had  Dur  limits  permitted,  we  might  have 
being  visible  for  some  time,  from  December,  inquired  into  the  ends  for  which  these  rings 
1832,  to  April,  1833,  the  ring  again  disap-  were  formed  by  the  Almighty  Architect,  and 
peared  for  two  or  three  months.  During  this  the  designs  they  are  intended  to  accomplish 
time,  the  only  indication  which  was  given  of  in  the  system  of  Saturn.  But,  in  conse- 
its  existence  was  the  shadow  of  the  ring,  quence  of  the  great  distance  at  which  we  are 
which  appeared  like  a  dark  belt  across  the  placed  from  this  planet,  and  of  our  ignorance 
body  of  the  planet.  At  present,  (1846,)  the  of  many  of  the  plans  of  the  great  Creator  in 
rings  appear  much  narrower  than  what  is  his  arrangements  of  the  universe,  we  are  un- 
represented in  the  figure,  though  the  dark  able  fully  to  appreciate  all  the  designs  he  in- 
space  between  the  planet  and  the  ring  is  dis-  tended  to  accomplish,  either  in  this,  or  in 
tinctly  visible.  In  1847,  the  ring  will  appear  other  parts  of  his  operations.  There  is  one 
still  narrower — in  the  beginning  of  that  year,  object,  however,  that  these  rings  were  evi- 
will  appear  nearly  as  in  fig.  51,  like  a  line  of  dently  intended  to  accomplish  ;  namely,  to 
light  on  each  side  of  the  planet,  but  without  throw  a  light  on  the  regions  of  the  planet  in 
any  apparent  opening  of  the  ring;  in  the  be-  the  absence  of  the  sun — to  serve  the  purpose 
ginning  of  1848,  it  will  entirely  disaj)pear,  of  a  thousand  moons — to  produce  a  diversified 
and,  in  this  case,  the  thin  edge  of  the  ring  is  and  sublime  scenery  in  the  nocturnal  sky  of 
turned  towards  the  earth,  and  the  planet  ap-  Saturn,  and  to  display  the  glory  and  magnifi- 
pears  as  if  it  were  entirely  divested  of  its  cence  of  the  Creator.  They  evidently  mani- 
magnificent  appendage,  and  to  move  solitary  fest  his  power  in  the  amplitude  and  greatness 
among  the  stars.  About  July  or  August,  of  of  their  dimensions,  in  the  vast  quantity  of 
the  same  year,  the  ring  will  again  appear,  matter  they  contain,  and  in  the  amazing 
through  good  telescopes,  as  a  fine  thread,  or  ra})idity  with  which  they  revolve  around  the 
line  of  light,  on  each  side  of  the  planet;  and,  planet — and  his  wisdom  in  nicely  balancing 
in  1849,  the  opening  of  the  ring  and  the  and  proportionating  every  niinule  circumstance 
dark  space  between  it  and  the  planet,  will  be  in  their  construction  aud  arrangement,  by 
distinctly  visible.  During  the  years  1850  certain  laws,  so  as  to  prevent  them  either 
and  1851,  the  ring  will  appear  still  more  ex-  from  flying  off  from  the  planet,  in  its  swift 
panded,  till  towards  the  end  of  1854,  when  career,  or  from  falling  down  upon  its  surface, 
it  will  appear  fully  expanded,  as  in  fig,  50;  and  producing  a  complete  derangement  of  the 
and,  during  the  other  seven  years  and  a  half,  whole  fabric  of  this  mighty  globe — and  like- 
it  will  gradually  contract  till  about  the  end  wise  in  preserving  them  in  their  exact  posi- 
of  1861,  or  the  middle  of  1863,  when  it  will  tion,  and  proper  motions,  without  variation, 
again  become  invisible.  from   age    to    age.      'J'hey   may   likewise  be 

The  phenomenon  of  the  disappearance  of  intended   to  teach   us   in  what    a   variety  of 

the  ring  takes  place  at  intervals   of  14  years  modes,  inscrutable   to  us,  the   Creator   may 

and  9  months,  and  happens  when  the  planet  bring  into  existence  numerous  worlds,  encom- 

;s  in  170  degrees,  and   350  degrees   of  longi-  passed  with  celestial  machinery  and   arrange- 

ude,  or  in  the  SOth  degree  of  Virgo,  and  the  ments  altogether  different  from   any  thing  wd 
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have  hitherto  contemplated — which  may  lead 
us  to  conclude  that,  in  other  systems,  and 
around  other  suns,  worlds  may  exist  diversi- 
fied with  celestial  scenery,  of  which  we  find 
no  traces  throughout  the  whole  range  of  our 
planetary  system. 

But,  besides  these  general  designs,  we  con- 
ceive, there  is  another  important  end  these 
rings  are  intended  to  subserve;  namely,  to 
form  a  habitation  for  numerous  orders  of  in- 
tellectual beings.  Wherever  matter  exists  in 
our  world,  we  find  it  peopled  with  different 
orders  of  animated  existence  ;  and  therefore 
h  would  be  absurd  to  suppose  that  the  celes- 
tial bodies — formed  by  the  same  All-wise  and 
Almighty  Being — should  be  altogether  desti- 
tute of  inhabitants.  The  quantity  of  surface 
on  the  rings  is  more  than  twenty  thousand 
millions  of  square  miles,  being  more  than  a 
hundred  times  the  area  of  the  whole  terra- 
queous globe,  and  consequently  contains  am- 
ple space  for  the  accommodation  of  myriads 
of  inhabitants;  and  it  is  highly  improbable, 
from  what  we  know  of  the  plans  of  infinite 
wisdom,  that  such  a  space  should  remain  for 
ever  as  a  barren  desert,  without  contributing 
either  to  sensitive  or  intellectual  enjoyment. 
The  scenery  of  the  heavens,  as  beheld  from 
the  rings,  would  even  be  more  grand  and  di- 
versified than  that  w^hich  is  beheld  from  the 
surface  of  Saturn,  and  would  afford  to  intelli- 
gent natures  a  striking  display  of  the  perfec- 
tions of  their  Creator. 

We  may  just  farther  state,  in  relation  to 
this  planet,  that  several  late  astronomers  are 
of  opinion  that  the  outer  ring  of  Saturn  is  di- 
vided into  several  smaller  rings.  Captain 
Kater  states,  in  a  paper  sent  to  the  "  Astro- 
nomical vSociety,"  that  on  December  17th, 
1825,  with  a  reflecting  telescope  of  six  feet 
six  inches  focns,  "  he  saw  the  outer  ring  of 
Saturn,  separated  by  numerous  divisions,  ex- 
tremely close,  one  stronger  than  the  rest,  di- 
viding the  ring  about  equally.  Professor 
Quetelet,  at  Paris,  likewise  states,  that,  with 
the  achromatic  telescope  of  ten  inches  aper- 
ture, "  he  saw  the  outer  ring  divided ;"  and 
Decuppis,  at  Rome,  is  also  said  to  have  ob- 
served the  same  phenomenon.  Mr.  Lawson, 
an  ingenious  astronomer,  at  Bath,  who  has 
lately  erected  a  splendid  achromatic  telescope, 
twelve  feet  long,  states,  that  with  some  of  its 
higher  powers,  he  has  several  times  observed 
several  divisions  on  the  ring  of  Saturn.  If 
this  magnificent  arch  is  not  merely  double, 
but  even  treble,  or  quadruple,  it  presents  a  still 
more  wonderful  idea  to  the  mind,  especially 
if  each  of  the  rings  have  a  distinct  and  sepa- 
rate rotation  round  the  planet.  But  as  the 
divisions  alluded  to  have  not  been  perceived 
by  other  observers  in  the  most  favourable  cir- 
tumstances,  we  must  suspend  our  opinion  on 
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this  point,  till  more  minute  and  extensive  ob 
servations  be  made,  either  to  disprove  or  to 
confirm  those  which  we  have  now  stated. 

In  concluding  our  reflections  on  this  planet, 
it  is  almost  needless  to  remark,  that  the  pla- 
net itself,  with  all  the  celestial  scenes  con- 
nected with  it,  presents  to  the  mind  an  ob- 
ject of  surpassing  grandeur  and  sublimity. 
Let  us  suppose  ourselves  stationed  within  a 
few  thousand  miles  of  this  planet — a  station 
which  some  superior  intelligences  may  occa- 
sionally occupy — from  such  a  position,  the 
globe  of  Saturn,  the  rings,  and  the  satellites, 
would  appear  to  fill  the  greater  portion  of  the 
visible  heavens.  Let  us  then  conceive  this 
planet — a  thousand  times  larger  than  the 
earth — flying  before  us  at  the  rate  of  twenty- 
two  thousand  miles  an  hour,  carrying  along 
with  it  stupendous  rings,  five  hundred  thou- 
sand miles  in  circumference,  and  these  rings 
revolving  round  the  planet  with  a  velocity  of 
nine  hundred  miles  every  minute,  and  seven 
other  spacious  globes,  larger  than  our  moon, 
wheeling  their  rapid  courses,  at  different  dis- 
tances around  the  planet  and  its  rings — let 
us  endeavour  to  stretch  our  imagination  to  the 
utmost,  to  represent  such  a  scene  as  nearly*  as 
possible  to  the  reality,  and  suppose  ourselves 
as  spectators — ^how  grand  and  overwhelming, 
and  almost  terrific,  would  be  the  amazing 
spectacle  !  Amidst  the  emotions  it  would  ex- 
cite,  we   could    only   exclaim  "Great  and 

MARVELLOUS    ABE    THY    WORKS,     LoRD    GoD 

Almighty  !" — "  Thy  right  hand,  O  Lord,  is 
becoming  glorious  in  power!" — "  Who  can 
utter  the  mighty  acts  of  the  Lord  !" — "  The 
Lord  God  Omnipotent  reigneth  !"  Is  it  pos- 
sible to  separate  such  scenes  and  operations 
from  the  idea  of  an  eternal  and  Almighty  in- 
telligence, who  formed,  and  arranged,  and  set 
in  motion,  such  stupendous  machinery  1  Could 
chance,  or  the  fortuitous  concourse  of  atoms, 
have  ever  produced  such  a  portion  of  celestial 
mechanism,  and  preserved  it  unimpaired  in 
all  its  relations  and  movements,  from  age  to 
agel  Such  an  idea  is  fraught  with  the 
grossest  absurdity  that  ever  entered  the  human 
imagination.  If  a  Divine  superintendent  over 
creaton  did  not  exist,  the  whole  frame  of  uni- 
versal nature  would  long  ere  now  have  been 
unhinged  and  the  universe  with  all  its  splen- 
did orbs  and  mighty  movements  have  b(>en 
transformed  into  a  chaos,  and  scattered  through- 
out the  regions  of  infinitude.  And,  "  since  a 
God  there  is,  that  God  how  great !"  His 
power  is  irresistible,  his  wisdom  is  unsearcha- 
ble, and  his  agency  pervades  the  immensity 
of  space.  To  refuse  to  submit  to  his  law& 
and  his  moral  government  must,  therefore,  ex- 
pose us  to  the  most  dismal  consequences.  For 
thousands  of  means  are  within  the  range  of 
his  wisdom    and   intelligence    by  which    the 
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rebels  against  his  authority  may  be  arrested  part,  the  reason  that  so  few  discoveries  were 
and  punished  ;  and  his  power  to  execute  his  made  during  that  period, 
purposes  no  created  beings  can  control.  "  The  The  appearance  of  the  late  Sir  William 
mountains  quake  at  him,  and  the  hills  melt,  Herschel,  as  an  observer  of  the  heavens, 
and  the  earth  is  burned  at  his  presence.  Who  formed  a  new  era  in  the  history  of  astronomy, 
can  stand  before  his  indignation?"  "The  This  illustrious  astronomer  having  viewed  the 
pillars  of  heaven  tremble  and  are  astonished  heavens  with  a  two-feet  Gregorian  telescope, 
at  his  reproof.  Happy  they  who  have  this  which  he  had  borrowed,  was  so  much  interest- 
Almighty  Being  as  their  father  and  their  ed  with  the  instrument,  that  he  commissioned 
friend,  "who  do  his  commandments, hearken-  a  friend  in  London  to  purchase  for  him  one 
ing  unto  the  voice  of  his  word,"  For  all  the  of  a  larger  size.  The  price,  however,  being 
glories  of  creation,  and  all  the  resources  of  more  than  he  anticipated,  and  more  than  he 
the  universe  are  at  his  disposal  to  contribute  could  afford,  he  resolved  to  attempt  the 
to  their  knowledge  and  felicity,  while  ages  construction  of  one  with  his  own  hands;  and 
numerous  as  the  drops  of  ocean  are  rolling  on.   in  this  he  succeeded.     A  five-feet  Newtonian 

reflector,  which  he   completed  in    1774,  was 
. — — — .  the  commencement  of  that  brilliant  series  of 

discoveries  and  improvements  which  he  after- 
Sectiojs^  VIH.  wards  effected.     While  residing  in  Bath,  he 

had  been   engaged  for   a  year  and  a  half  in 
On  the  Planet  Uranus.  making  a   regular   survey    of    the    heavens, 

when  on  the  evening  of  the  13th  of  March, 
Till  near  the  close  of  the  last  century,  1781,  he  discovered,  among  other  stars,  one 
Saturn  was  considered  as  the  remotest  planet  of  unusually  steady  radiance ;  continuing  to 
from  the  sun,  and  his  orbit  as  forming  the  watch  it,  he  found,  after  several  observations, 
outermost  boundary  of  the  planetary  system,  a  perceptible  change  in  its  position,  although 
But,  since  the  discovery  of  Uranus,  the  dia-  its  motion  with  relation  to  the  other  stars  was 
meter  of  the  system  is  doubled,  and  the  area  very  slow.  Having  sent  an  account  of  this 
of  the  space  it  comprehends  is  four  times  the  observation  to  Dr.  Maskelyne,  the  astronomer 
dimensions  formerly  supposed.  Instead  of  an  royal,  it  was  at  first  supposed  to  be  a  comet,  but 
area  of  twenty-five  thousand  millions  of  soon  afterwards  it  was  ascertained  beyond  a 
square  miles — its  former  supposed  dimensions  doubt  that  it  was  anew  planet  which  had,  in  all 
— it  now  comprehends  at  least  one  hundred  former  ages,  eluded  the  observation  of  astrono- 
thousand  millions  of  square  miles ;  throughout  mers.  For  this  discovery  the  Royal  Society  con- 
every  portion  of  which  the  influence  of  the  ferred  upon  Herschel  the  honorary  recompense 
great  central  luminary  extends,  and  likewise  of  Sir  Godfrey  Copley's  medal;  and  he  named 
as  far  beyond  as  the  erratic  comet  pursues  its  the  planet  Georgium  Sidus,  in  honour  of  his 
distant  course.  It  is  somewhat  strange  that,  majesty  King  George  the  Third  :  but  the  con- 
from  the  time  of  Huygens  and  Cassini,  when  tinental  astronomers  distinguished  it  by  the 
telescopes  were  brought  to  a  certain  degree  of  name  of  Herschel,  in  honour  of  the  discoverer  ; 
perfection,  till  near  the  close  of  the  eighteenth  and  it  is  now  more  generally  known  by  the 
century,  (a  period  of  more  than  a  hundred  name  of  Uranus.  Soon  after  this  discovery, 
years,)  no  new  discoveries  were  made  in  the  Herschel  was  taken  under  the  patronage  of 
heavens,  when  the  number  of  those  who  cul-  his  majesty,  and  rewarded  with  a  pension  of 
tivated  the  science  of  astronomy  was  increased,  £300  per  annum.  He  removed  to  Slough 
and  the  science  itself  had  received  many  im-  near  Windsor,  where,  in  1789,  he  erected  his 
provements.  'But  the  mind  of  man  has  a  large  forty-feet  telescope,  by  which  he  was 
propensity  to  indolence  when  not  stimulated  enabled  to  make  further  discoveries, 
by  worldly  gain,  and  certain  difficulties  to  be  The  planet  Uranus  is  not  visible  to  the 
encountered  tend  to  discourage  and  impede  naked  eye,  and  requires  a  certain  degree  of 
its  progress.  The  long  and  unwieldy  tele-  magnifying  power  to  render  it  visible  as  a 
scopes  used  by  the  astronomers  of  the  seven-  very  small  star.  We  have  seen  it  in  this  way 
teenth  century  were  very  difficult  to  manage,  with  a  power  of  twenty  times,  but  it  requires 
and  required  long  exposure  to  the  cold  air  of  a  power  of  at  least  two  hundred  times  to 
the  evening,  and  their  attention  was  chiefly  make  it  appear  like  a  well  defined  visible 
directed  to  observations  on  the  planetary  disk.  Its  real  magnitude  however  is  consider- 
bodies  which  were  then  known.  Few  obser-  able, — being  no  less  than  thirty-five  thousand 
vations,  comparatively,  were  made  on  the  fixed  miles  in  diameter,  or  more  than  eighty  times 
stars,  so  as  to  ascertain  the  varieties  which  the  size  of  our  globe.  Its  surface  contains 
exist  among  them,  the  changes  to  which  they  three  thousand  eight  hundred  and  forty-eight 
are  subject,  or  the  moving  bodies  that  may  be  millions  of  square  miles, — which  is  seventy- 
found  in  the  stellar  regions;  and  hence,  in   eight    times   the    area    of    all   the  habitable 

(991) 


Hosted  by  Google 


1st,  or  nearest            Period 

Distance. 

to  Uranus.       6tl.  21h. 

25m. 

230,000 

2d.                           8      17 

1 

298,000 

3d.                         10      2'S 

3 

348,000  3. 

4th.                      13      10 

56 

399,000  ^ 

5th.                       38        1 

48 

777,000  * 

6th.                     107      16 

40 

1,597,708 

YS  THE  SOLAR  SYSTEM. 

portions  of  the  earth;  so  that  this  apparently  constitution  of  the  inhahirants  to  the  nature 
small  hody  which  had  remained  unnoticed  for  of  the  habitation  he  has  provided  for  ihem. 
thousands  of  years,  adds  considerably  to  In  consequence  of  the  great  distance  of 
the  quantity  of  matter  formerly  supposed  this  planet,  no  discoveries  have  been  made  on 
to  belong  lo  the  solar  system.  For  it  its  surface  ;  no  spots  have  been  seen  to  indi- 
contams  a  mass  of  matter,  as  to  bulk,  more  cate  a  rotation,  and  therefore  the  period  of  its 
than  twenty  times  larger  than  what  is  con  revolution  round  its  axis  is  unknown.  But 
tained  in  Mercury,  Venus,  the  Earth,  the  the  same  illustrious  astronomer  who  first  de- 
Moon,  Mars,  Vesta,  Juno,  Ceres,  and  Pallas,  tected  it,  soon  after  discovered  no  less  than  six 
Its  distance  from  the  sun  is  about  double  that  satellites  which  revolve  around  it.  The  fol- 
of  Saturn, — being  no  less  than  eighteen  lowing  table  contains  a  list  of  these  satellites, 
hundred  millions  of  miles.  To  reach  the  with  their  distances  from  Uranus,  and  their 
nearest  point  of  its  orbit,  a  cannon  ball,  flying  periods  of  revolution, 
from  the  earth  in  that  direction,  at  the  rate  of 
five  hundred  miles  an  hour,  would  require  a 
period  of  three  hundred  and  ninety  years.  It 
moves  round  the  sun  in  the  space  of  eighty- 
four  years,  in  an  orl)it  eleven  thousand  mil- 
lions of  miles  in  circumference;  at  the  rate 
of  fifteen  thousand  miles  an  hour.  The 
inclination  of  its  orbit  to  the  'plane  of  the 
ecliptic,  is  46  minutes,  28  seconds.  It  is  somewhat  remarkaWe,  that  these  satel- 
From  the  immense  distance  at  which  this  lites,  instead  of  moving  from  west  to  east,  or 
planet  is  placed  from  the  sun,  we  might  be  apt  in  the  direc-tion  of  all  the  other  planets  and 
to  imagine  that  there  will  be  a  great  deficiency  satellites,  have  their  orbits  nearly  at  right 
of  light  and  heat  on  its  surface.  'J'he  quan-  angles  to  the  eliptic,  and  move  in  a  direction 
tity  of  light  it  receives  from  the  sun  is  about  from  east  to  west.  These  are  exceptions  to 
three  hundred  and  sixty  times  less  than  what  the  general  laws  of  the  planetary  system  which 
the  earth  receives;  for  the  quantity  of  iiluoii-  it  is  difficult  to  explain.  But  they  occur  at 
nation  enjoyed  in  any  planet  is  in  an  inverse  the  farthest  limits  of  the  solar  system,  perhaps 
proportion  to  the  square  of  the  distance  of  the  to  teach  us,  that  in  other  systems  arrange- 
luminous  body  that  enlightens  it.  The  quan-  ments  may  exist  very  different  from  those  we 
tity  of  ligiit  on  Uranus — notwithstanding  Its  experience  in  the  system  to  which  we  belong, 
great  distance  from  the  sun — will  be  equal  to 

what  we   should   have,    were    three   hundred  ; 
and  forty-eight  full  moons  continually  shining 
on  our  globe  at  one  time.     But  the  pupils  of 

the  eyes  of  the  inhabitants  of  this  planet  may  General  Remarks  on  the  Solar  System. 
be  so  constructed  as  to  take  in  ten  or  twenty 

times   the  quantity   of  light   which   our  eyes  Such  is  a  brief  description  of  the  principal 

would  receive,  were  we  placed  in  that  distant  phenomena     connected    with    the    planetary 

region.     And   as  to  sensible  heat,  it  does  not  bodies  which  compose  the  solar  system.     We 

appear  that  this  depends  on   the   distance  of  have  no  reason,  however,  to  conclude  that  all 

a  planetary   body  from  the   sun  ;  but  on   the  the  planets  belonging  to  our  system   have  yet 

nature  of  its   atmosphere,  and  the  substances  been  discovered.   Were  a  planet  of  double  the 

on  its  surface  on  which  the  rays  of  light  and  magnitude    of  the    Earth   revolving  between 

heat   fall.     Every  part   of  our  globe   ma)'   be  the  orbits  of  Jupiter  and   Saturn,  it  would  be 

considered    as   at   an  equal  distance  from  the  altogether   invisible    to    the    naked    eye,  and 

sun,  and    yet   there  are   all    the    varieties  of  might  revolve  for  thousands  of  years  without 

temperature  experienced  from  twenty  degrees  being    observed    by    the     inhabitants    of   our 

below  zero  in  the  frozen  regions  of  Greenland,  globe,  unless  astronomers  were  to  make  a  mi- 

to  a  hundred  degrees  above  it,  in  the  scorch-  nute  survey,  with  powerful  telescopes,  of  the 

ing  climes  of  the  torrid  zone.     On  the  lop  of  whole  of  the  zodiac,  in  which    most    of  the 

the  Andes,   in   South   America,  there  is    the  planets  are  found  to  move,  along  with  portions 

most    intense    cold,    and     perpetual    snows  ;  of  the   celestial   regions   on   either  side  of  it. 

while  in  the  plains  below  excessive  heat  is  felt  If  the  inhabitants  of  Jupiter  and  Saturn  have 

under  the  rays  of  a  tropical  sun,  while  only  a  no    better    eyes    than    ours,  and   no  artificial 

few  miles   intervene  between    the  respective  helps  to  vision,  they  must  be  altogether  igno- 

localities.     At  any  rate,  we  may  rest  assured  rant  that  such  a  globe   as   the   earth  exists  in 

that,  throughout  all   the  regions  of  the   uni-  the  universe,  nor  will  they  everobtainaglimp.se 

verse,  the    Creator  has   displayed   his  wisdom  of  either  Mars,  Mercury,  or  Venus.     Consid- 

and  goodness  in   adapting  the   structure  and  ering  the    distance    that   intervenes    betweesa 
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Jupiter  and  Safurn,  it  is  not  at  all  improbable  It  may  likewise  be  remarked,  that  amidst 
that  one  or  more  planets  ma'y  exist  in  the  in-  all  the  varieties  which  characterize  the  phirie» 
terval  ;  and  since  no  less  than  900  millions  tary  system,  there  are  evident  marks  of  unity 
of  miles  intervorie  between  the  orbits  of  and  mutual  relationship.  The  distances  ot 
Saturn  and  Uranus,  several  planets,  much  the  planets  from  the  sun,  vary  from  thirty- 
larger  than  the  earth,  may  revolve  in  those  seven  millions  to  one  thousatid  eight  hundred 
regions,  which  the  keen  eyes  of  astronomers  millions  of  miles,  'i'he  quantity  of  light  that 
have  never  yet  detected.  Even  within  the  fails  on  the  surface  of  Mercury  is  two  thou- 
orbit  of  Mercury  a  planet  may  exist,  which  sand  four  hundred  times  more  intense  than. 
we  may  never  be  able  to  discover,  on  account  that  which  falls  on  Uranus.  In  point  of  mag* 
of  its  nearness  to  the  sun,  being  at  all  times  nitude  some  of  the  planets  are  several  thou- 
imraersed  in  the  effulgence  of  the  solar  rays,  sand  times  larger  than  others;  and  as  to  the 
Our  views  of  the  universe  and  its  arrange-  times  of  their  revolutions,  their  periods  vary 
ments  are  only  beginning  to  open  and  expand  ;  from  eighty-eight  days  to  eighty-four  years, 
but  in  the  ages  to  come,  if  art  and  science  still  Some  have  one  accompanying  moon,  some 
advance,  objects  of  which  we  have  no  con-  have  four,  some  have  seven,  and  others  are 
ception  at  present  may  be  disclosed  to  view,  destitute  of  such  appendages.  Yet  a  family 
even  within  the  hounds  of  the  planetary  system,  likeness  pervades  the  whole.  The  figure  of 
Throughout  the  whole  of  this  system  we  all  the  planets  is  nearly  the  same  ;  they  are 
perceive  wr^^er  and  /if^crmr;/2?/ prevailing  with-  all  either  globes  or  spheroids ;  they  all  move 
out  interruption.  While  the  planets  are  pro-  round  their  axes,  and  round  the  same  central 
secuting  their  courses  with  amazing  velocity,  luminary,  producing  an  aiternaie  succession 
and  moving  onward  in  their  respective  spheres  of  day  and  night,  and,  in  most,  instances,  a 
without  a  moment's  pause — while  their  at-  variety  of  seasons.  Most  of  them,  if  not  the 
tractive  forces  on  each  other  sometimes  pro-  whole,  are  environed  with  atmospheres  ;  and 
duce  sliglit  perturbations — while  one  some-  on  tiieir  surfaces,  mountains  and  plains,  hills 
times  interposes  between  the  sun  and  another,  and  vales,  have  been  descried,  and  the  law  of 
and  casts  a  transient  shaiie  over  its  sdrface;  gravitation  pervades  and  governs  the  whole, 
yet  no  disorder  or  confusion  ever  occurs  One  sui:  enlightens  every  member  of  this  sys- 
throughout  the  system ;  every  orb  finishes  its  tern,  whetlier  primary  or  secondary;  and 
respective  circle  of  revolution  in  exactly  the  although  this  luminary  appears  to  one  planet 
period  of  time  in  which  it  has  been  performed  seven  times  larger  than  to  us,  and  to  another  a 
for  thousands  of  years  ;  no  one  ever  inter-  hundred  times  smaller,  yet  it  serves  all  the 
Fupts  the  course  of  another;  no  satellite  ever  purposes  of  a  sun  to  dilFuse  that  degree  of 
forsakes  its  primary,  in  the  course  of  its  rapid  light  and  splendour  and  benign  influence 
movement;  but  tlie  laws  of  motion  originally  which  is  requisite  for  the  comfort  of  each  re- 
impressed  upon  all  the  bodies  of  the  system  spcctive  planet.  These  and  other  circurn- 
continue  to  operate  as  they  have  done  from  stances  plainly  indicate  that  one  Supreme 
the  beginning.  These  circuinstances  evident-  Mind  contrived  this  system  of  moving  bodies, 
ly  demonstrate  the  existence  of  a  presiding  and  superintends,  directs,  and  governs  th® 
Intelligence,  who  at  first  formed  and  arranged  whole.  For  two  or  more  supreme  beings-— 
this  magnificent  system,  and  who  every  mo-  whose  plans  and  purposes  might  clash — could 
ment  sustains  it  in  all  its  movements.  It  never  be  the  parents  of  thai  harmony  and 
would  be  easy  to  show — if  this  were  the  unity  of  design  which  we  perceive  through- 
proper  place  for  it — that  unless  an  Immate-  out  the  system  of  nature.  Such  eonsidcra- 
I'ial  Power  continually  re-excited  motion  in  tions,  likewise,  lead  us  to  conclude  that  all  the 
the  material  universe,  all  motion  would  stop  planets  of  this  system  are  destined  to  subserve 
in  a  very  short  time — perhaps  in  less  than  an  in  their  respective  spheres  tiio  same  grand 
hour — except  that  the  planets  would  run  out  purposes,  namely,  to  serve  as  comfortable  hab-> 
in  right-lined  directions;  and  then  nothing  itations  for  numerous  orders  of  sentient  an.d 
would  ensue  but  confusion,  darkness,  silence,  intellectual  beings,  capable  of  knowing  and 
and  chaos.  For  matter  of  itself  can  pursue  adoring  the  perfections  of  their  great  Creator. 
no  end,  obey  no  law, no**  change  the  direction  For  the  material  world  could  never  be  shown 
of  its  motion.  If,  then,  a  presiding  Divinity  is  to  manifest  the  wisdom  and  intelligence  of  its 
continually  exerting  his  attributes,  impressing  Author  and  Contriver,  if  this  position  were 
(every  part  of  that  universe  to  which  he  gave  denied.  For  it  would  then  exhibit  only  a 
existence,  we  cannot  deny  his  title  to  supreme  stupendous  S3?stem  of  means  without  an  end, 
dominion;  and,  if  so,  we  must  acknowledge  corresponding  to  the  magnificence  of  the  ope- 
ehat  all  praise,  adoration,  submission,  and  obe-  rations  employed  ;  and,  in  this  case,  there 
dience  are  due  to  Him  who  hath  created  all  would  be  no  extensive  display  of  the  riches 
tilings,  and  for  whose  "pleasure  they  are  and  of  Divine  beneficence. 

were  created."  lUiisiratiuns  of  the  distances  and  magni^ 
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THE  KEW  PLANETS~~THEIR  ORBITS. 


htdes  of  the  Planets.— Sir  J,  Herschel  pro- 
poses the  following  illustration,  to  convey  to 
the  minds  of  general  readers  an  impression  of 
the  relative  distances  and  magnitudes  of  the 
parts  of  the  solar  system  :  "  Choose  any  well-* 
levelled  field  or  bowling-green  ;  on  it  place  a 
globe  two  feet  in  diameter — -this  will  repre- 
sent the  sun  ;  Mercury  will  be  represented  by 
a  grain  of  mustard  seed,  on  the  circumference 
®f  a  circle  one  hundred  and  sixty-four  feet  in 
diameter  for  its  orbit ;  Venus,  a  pea,  on  a  cir- 
de  of  two  hundred    and    eighty-four   ieet  in 


diameter ;  the  earth  also  a  pea,  on  a  circle  of 
four  hundred  and  thirty  feet ;  Mars,  a  rather 
large  pin'fc  head,  on  a  circle  of  six  hundred 
and  fifty-four  feet ;  Juno,  Ceres,  Vesta,  and 
Pallas,  grains  of  sand,  on  orbits  of  from  a 
thousand  to  a  thousand  and  two  hundred  feet; 
Jupiter,  a  moderate-sized  orange,  on  a  circle 
nearly  half  a  mile  across;  Saturn,  a  small 
orange,  on  a  circle  of  four- fifths  of  a  mile  ; 
and  Uranus,  a  full-sized  cherry  or  small  plum, 
upon  the  circumference  of  a  circle  more  than 
a  mile  arid  a  half  iii  diameter." 


SUMMARY  VIEW  OF  THE  SOLAR  SYSTEM. 

fHB  FOLLOWING  2ABLE  EXHIBITS,  AT  ONE  TIEW,  THE  DISTANCES,  DIAMETERS,   PERIODS  OP  REVOLUTION^  ETC.,  OF  THE 

PLANETS,   AND  OTHER  PERMANENT  ELEMENTS  OF  THE  SOLAR  SYSTEM. 
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HI 
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1,820,000,000 

35,000 

84  years 

4"       250|  O''  46'     1 

0,Vo 

17 

1' 

From  this  illustration  it  appears,  that  an 
orrery  to  represent  both  the  proportional  dis- 
tances and  the  proportional  magnitudes  of  the 
sun  and  planets  would  require  to  be  more 
than  a  mile  and  a  half  in  diameter,  and  nearly 
iive  miles  in  circumference  :  and,  in  this  case, 
scarcely  any  of  the  planets  would  he  visible 
from  the  centre.  Our  common  orreries  and 
planetariums  can  exhibit  only  the  relative 
motions  of  the  planets,  and  the  order  in  which 
they  are  placed  from  each  other  in  the  sys- 
tem ;  but  they  can  present  no  accurate  or 
comprehensive  idea  of  their  proportional  dis- 
tances or  magni?;udcs  ;  and  the  balls  which 
represent  the  son  and  planets  being  so  small, 
and  placed  so  near  each  other,  have  a  tenden- 
cy to  produce  erroneous  conceptions.  The 
comparative  distances  and  the  comparative 
magnitudes  can  only  be  separately  exhibited 
on  a  small  scale.  The  following  is  a  simple 
method  by  which  we  have  frequently  exhi- 
bited the  proportional  distances  of  the  planets. 
Provide  a  small  square  rod  about  eight  feet 
long,  at  one  end  of  which  place  a  ball  or  other 
©bject  to  represent  the  sun.  At  two  ijjches 
C994) 


from  the  sun's  ball,  place  a  ball  to  represent 
Mercury;  at  three  inches  and  a  half,  Venus; 
at  five  inches,  the  earth ;  at  seven  inches 
and  a  half.  Mars  ;  at  thirteen  inches,  Ceresy 
Pallas,  Juno,  Vesta,  almost  close  to  each 
other;  at  twenty-five  inches,  Jupiter;  at 
forty-seven  inches,  or  about  four  feet,  Saturn  5 
and  at  eight  feet,  Uranus,  These  propor- 
tions will  convey  an  approximate  idea  of  the 
relative  distances  of  the  planets  from  each 
other  and  from  the  sun  ;  and  if  wax  tapers 
were  placed  instead  of  the  balls,  and  lighted^ 
these  comparative  distances  might  be  exhibited 
to  a  large  audience.  The  proportional  mag-' 
nitades might  likewise  be  exhibited  as  follows s 
Suppose  a  globe  of  eighteen  inches  diameter 
to  represent  the  sun,  Jupiter  will  be  repre^ 
sented  by  a  ball  one  inch  and  four-lifshs  dia- 
meter; Saturn,  one  inch  and  two-thirds; 
Uranus,  three -quarters  of  an  inch;  the  Earthy 
one-sixth  of  an  inch;  Venus?,  one-sixth  of  ar& 
inch  ;  Mars,  one-eleventh  of  ao  inch  ;  Mercuryj 
one-fifteenth  of  an  inch;  Mooa,  one-twenty" 
fourth  of  an  inch  ;  Ceres,  Pallas,  Juno,  Vesta, 
by  small  pin-heads,,     The  following  numbers 
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Fig.  63 


may  assisfc  the  memory  in  recollecting  the  a  httle  in  forming  its  conceptions  of  the  num- 
proportional  mean  distances  on  the  planets,  her  of  units  contained  in  a  single  million  ;  to 
Suppose  the  distance  of  the  Earth  from  the  which  we  may  add  the  following— that  a  line 
bun  to  be  divided  into  10  parts— Mercury  a  million  miles  in  length  would  go  forty  times 
may  then  he  estimated  at  4  of  such  parts  from  round  the  circumference  of  the  earth:  and 
the  Sun;  Venus  at  7;  the  Earth  at  10;  that  since  the  creation  of  the  world,  httle 
Mars  at  15;  the  new  planets,  Ceres,  Vesta,  more  than  two  millions  of  days  have  elapsed. 
etc.,  at  26  ;  Jupiter  at  62;  Saturn  at  95 ;  and  Mr.  Henry  Martin,  teacher,  Chatham,  has 
n^^^.t  ""i  ^^^  such  parts.  lately  contrived  a  plan  by  which  a  million  of 

Method  oj  acquiring  an  approximate  idea   units  may  be   represented    to    the   eye,    and 
of  a  mjMion  imits.— In  the  preceding  L]escvip.   which   produces  a    more  striking  effect  than 
tion  ot  the  solar  system,  the  distances  of  the    any  plan  hitherto  adopted.     It  consists  in  the 
sun  and  planets,  and  the  extent  of  the  planet-    arrangement  of  spots   of  the  size  of  those  in 
ary  orbits,  have  been  expressed  by  millions  of    the   annexed  figure.     They   are   arranged  in 
miles.     But  however  accurately  such  distances   squares,  in  the  manner   here    represented— 
and  dimensions  may  be  considered  as  stated,    every  square   containing  one  hundred   spets. 
the  mind  IS  unable  to  form  a  distinct  and  com-    There  are  a  hundred  squares  on  a  sheet  of 
prehensive   idea   of  such   vast  distances   and    foolscap,  which,  of  course,  contains  ten  thou- 
dimensions,  and    even  at  its  utmost  stretch,    sand    spots   or    units;    and    there    are    one 
and  with  all  its    efforts,  must  be   contented    hundred  of  these  sheets  pasted  on  a  piece  of 
with  a  very  vague  and   indefinite  conception   calico,  which  doubles  up  like  a  long  map,  a 
of  the  immense  spaces  of  the  heavens.     This   small  space  being  left  between    eacli    sheets 
is  partly  owing  to  our  want  of  a  clear  and    that  the  calico  may  form  a  hinge  for  dopbling! 
comprehensive   idea  of  the  number  of  units    The  number  of  spots  on  these  hundred  sheets 
contained  in  a  single  million.     We  can  form   amounts  to  10,000  X  100,  orexactly  a  million, 
a  clear  idea  of  a  hundred   units,  and  even  of    This  representation   of    a    million'  of    unitSj 
a  thousand  ;  our  ideas  of  ten  thousand,  fifty 
thousand,  and  a  hundred   thousand,  are  less 
clear  and  definite  ;  and  it  is  but  a  vague  idea 
we   generally  have  of  ten  hundred  thousand, 
or  one  million,  when  we  attempt  to  grasp  it 
at  one  conception.     We  may  assist  our  con- 
ceptions a  little  by  such  illustrations  as  the 
following: — A    million   of  pounds   would  be 
sufficient   for  the  formation  of  5000  miles  of 
road,   at  the  rate  of  i^200  for  each   mile- 
which  would  be  sufficient  to  reach  from  the 
Land's  End  of  England  to  the  northernmost 
point   of    Scotland,   to    go   quite    round    the 
island  of  Great  Britain,   and   to  cross   it  in 
different  directions.    The  same  sum  would  be 
sufficient  to  rear  more  than  666  churches,  at 
£1500  each.     It   would   be   adequate   to  the 
building  and  furnishing  of  2500  schools,   at 
£400  each.     Were  a  man  to  count  a  million 

sovereigns,  one  by  one,  and  allow  only  a  were  it  to  be  exhibited  in  the  most  striking 
single  second  for  each  sovereign,  and  continue  manner,  should  be  stretched  along  the  side  of 
without  intermission,  12  hours  every  day,  it  a  large  room,  8  feet  high  and  14  feet  long, 
would  require  more  than  23  days  before  such  which  it  wouH  completely  fill;  or  on  any  sur- 
a  sum  could  be  counted;  and,  consequently,  face  about  10|  feet  square,  and  containing  an 
to  count  in  the  same  manner  800  millions  of  area  of  about  108  square  feet.  The  annexed 
sovereigns,  the  amount  of  our  national  debt,  figure  contains  400  spots,  which  are  Only  the 
would  require  more  than  fifty  years!  Were  ^^ij^^th  part  of  a  million,  so  that  it  requires 
a  million  of  men  to  be  arranged  in  a  straight  two  thousand  five  hundred  times  the  space 
line,  similar  to  a  line  of  soldiers  when  on  and  the  number  of  spots  contained  in  this 
parade,  and  three  feet  allowed  for  the  breadth  figure  to  represent  the  units  in  a  million.  On 
of  every  man,  that  line  would  extend  over  a  beholding  such  a  number  of  units  or  spots,  as 
space  of  more  than  568  miles  in  length— in  close  to  each  other  as  those  in  the  figure,  and 
other  words,  it  would  extend  over  the  whole  covering  such  a  large  space,  the  mind  is 
length  of  the  island  of  Great  Britain,  from  struck  with  wonder  at  the  number,  of  unite 
the  Straits  of  Dover  to  the  Orkney  Isles,  which  a  single  million  contains;  and  Mr, 
Such  illustrations  may  helo  to  assist  the  mind    Martin  informs  me   that   "  all  persons,  who 
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have  seen  it,  have  expressed  themselves  much  all  that  is  visible  to  human  eyes,  orbs  of  as- 
asl*:nished  at  the  vasJness  of  it."  Were  each  tonishing  grandeur  may  exist,  whose  number 
square,  containing  100  spots,  exactly  of  the  may  exceed  the  number  of  the  sands  that  h*e 
same  size  as  in  the  figure,  placed  alongside  along  the  sea-shore.  Hence  the  necessity  of 
each  other  in  a  straight  line,  that  line  would  emleavoaring  to  form  as  large  and  extensive 
extend  above  a  thousand  feet  in  length.  an  idea  as  possible  of  the  nunjber  of  units  con- 
When  l)eholding  such  a  number  of  units  tained  in  a  million,  if  we  wish  to  take  a  com- 
compressed  together,  and  yet  filling  so  great  prehensive  view  of  the  immense  spaces  of  the 
a  space,  we  might  be  apt,  at  first  view,  to  con-  heavens,  and  the  magnitude  of  the  celestial 
sider  it  as  a  faint  picture,  or  emblem,  of  irn-  orbs.  For  a  million,  great  as  this  number  is, 
mensity  and  eternity.  But  what  is  one  forms,  as  it  were,  but  a  unit  to  thousands, 
million  compared  with  hundreds  and  thou-  tens  of  thousands,  and  hundreds  of  thousands 
sands  of  millions  ]  That  sun,  which  enlight-  of  millions — to  billions,  trillions,  and  other 
ens  our  day,  is  ninety-five  millions  of  miles  higher  numbers  that  sometimes  enter  into 
distant  from  us.  The  planet  Uranus  is  one  astronomical  calculations, 
thousand  eight  hundred  millions  of  miles  dis-  What  a  vast  and  overpowering  assemblage 
tant  from  the  sun,  and  yet  is  within  the  reach  of  human  beings  must  be  presented  to  view  at 
of  his  illuminating  and  attractive  influence,  that  solemn  day,  when  all  the  men  and  wo- 
Such  immense  distances  are  comprised  even  men,  that  have  ever  dwelt  on  the  surface  of 
within  the  limits  of  the  planetary  system,  our  globe,  shall  appear  in  one  great  assembly 
How  overwhelming,  then,  to  consider  the  dis-  before  «'  God,  the  Judge  of  all  f"  The  num- 
tance  of  the  nearest  stars!  That  distance  is  ber  that  have  already  dwelt  upon  the  earth, 
not  less  than  twenty  billions  of  miles;  and  since  the  formation  of  the  first  man,  is  at  least 
let  it  be  remembered  that  each  billion  contains  one  hundred  and  forty-six  thi)usand  two  bun- 
no  less  than  ten  hundred  thousand  millions,  dred  millions;  and,  probably,  more  than 
And  as  to  magnitudes,  we  are  almost  equally  double  that  number  may  appear  before  that 
overpowered  at  the  idea  of  their  immensity,  decisive  day  draws  nigh.  The  idea  of  such 
The  sun  contains,  on  his  surface,  two  billions,  an  assemblage  of  beings  is  absolutely  over- 
four  hundred  and  thirty  thousand  eight  hun-  whelming  to  our  limited  powers  of  concept 
dred  millions  of  square  miles;  and  his  solid  tion.  It  maybe  proper,  however,  occasionally 
contents  comprehend  more  than  three  hun-  to  ruminate  on  such  subjects,  as  it  is  one  of 
dred  and  forty -six  thousand  i)illions  of  cubical  the  principal  modes  by  which  we  may  acquire 
miles.  And  the  sun  is  only  one  out  of  a  comprehensive  views  of  the  vast  extent  of 
hundred  millions  of  similar  globes  which  creation,  and  of  the  ineffable  glory  and  mag- 
compose  the  visible  universe;    and,  beyond  nificence  of  the  great  Creator* 


CHAPTER  V. 
On  Comets, 


Besides  the  planetary  bodies  described  in  which  is  of  a  fainter  lustre  the  farther  it  m 

the  preceding  chapters,  there  is  a  class  of  ce-  from  the  body  of  the  comet.     The  luminous 

lestial  bodies,  considered   as  connected  with  point  near  the  centre   or  head   of  the  comet, 

the   solar   system,  which  have  obtained   the  whence  the   tail  seems  to   proceed,  is  called 

name  of  comets.     The  word  comet  is  derived  the  nucleus,  which  appears  to  be  the  densest 

from  the  Greek  xof-H],  and   the   Latin  coma,  part  of  the  comet.     The  tail  of  a  comet  at  its 

both  which  signify  the  hair,  and  a  comet  was  first  appearance   is  very  short,  and   increa&es 

so  denominated,  because  the   lucid  haze  with  as   it  approaches  towards  the  sun.     Immedi- 

which  the  body  of  a  comet  is  attended  some-  ately  after  its  perihelion,   or  nearest  approach 

times  resembles  flowing  hair.     As  compara-  to  the  suri,  the   tail  is  longest  and   most  lu- 

tively  little  is  known  of  the  nature  and  des-  minous,  and   is  then  generally  observed  to  be 

tination  of  these  erratic   bodies,  we  shall  just  somewhat  bent,   and   to  be    convex    towards' 

offer  a  very  few   remarks   on  what   has  been  those  parts  to  which  the  comet  is  moving ; 

ascertained  respecting   their  phenomena  and  the  convex   side   being    rather   brighter    and 

jnotions.  better  defined  than  the  concave  side.     When 

Comets  are  distinguished  from  the  planets  the  tail   has  attained   its   greatest   length,  it 

ind    fixed    stars    by    being    usually  attended  quickly  decreases,  and  vanishes  entirely  from 

with  a  long  train  of  light,  tending  always  op-  the  sight  about  the  same  time  that  the  comet 

Qosile  to  the  sun,  which  is  called  the  tail,  and  itself  ceases  tc  be  visible.     Of  what  kind  of 

(996) 


Hosted  by  Google 


COMETS.  g3 

matter  the  tail  consists  has  been  matter  of  not  conceive  that  any  of  the  causes  assigned 
conjecture,  and  various  opinions  have  been  above  will  account  tor  such  a  wonderful  phe- 
broached  on  this  subject,  but  nothing  is  cer-  nomenon.  If  they  consist  of  vapour  raised 
tainly  known  respecting  it.  It  is  evident,  from  the  comet,  why  should  this  vapour  ex- 
however,  whatever  may  be  the  matter  of  this  tend  to  such  a  prodigious  length  through 
substance,  that  it  is  exceedingly  rare,  and  so  space,  and  wliy  should  it  be  illuminated 
very  pellucid  that  the  light  of  the  smallest  throughout  its  whole  extent?  for  if  it  were 
stars  suffers  no  sensible  diminution  in  passing  opaque,  or  onilluminated  vapour,  it  would  be 
through   it.     Sir  J.   Herschei   says,   that    he  invisible. 

*'  could  distinguish  stars  of  the  sixteenth  In  ancient  times,  comets  were  generallv 
magnitude,  through  the  thickest  part  of  a  supposed  to  be  meteors,  or  exhalations,  gener- 
comet,  as  it  passed  over  them,  covering  them  ated  by  inflammable  vapours  in  the'earth'^ 
with  perhaps  50,000  miles  of  cometic  mat-  atmosphere.  But  it  is  now  ascertained,  be= 
*^*;  .  yond  a  doubt,  that  comets  move  in  regions  far 

The  tails  of  comets  are  found  sometimes  to   beyond  the  limits  of  our  atmosphere,  and  form 
occupy    an    immense    space    in   the   heavens,   a  portion  of  the  solar  system.     But'  they  dif- 
The  comet  of  1680  stretched  its  tail  across  an   fer  in  many  respects  from  the  various  planeta- 
arch  of  104  degrees,  and  the  tail  of  the  comet  ry  bodies,  formerly  described.     In   regard    to 
of  1769    subtended   an   angle  of  70  degrees,   planets,  their  orbits  are  all  confined    to  a  cer- : 
The  real   length  of  the   tail  of  the  comet  of    tain  zone,  or  regions  of  the  heavens,   of  no 
1680,  was  estimated  at  112  millions  of  miles;   great   breadth,  exc^ept   in    the   case  of' Pallas, 
that  of  1769,  at  44  millions,  and  that  of  1744,   This  zone,  in  the  case  of  the  old  planets,  con- 
at  eight  millions  of  miles.     Sir  W.  Herschei   tains  about  eight  degrees  on  each   side  of  the 
estimated  the'  length  of  the   tail  of  the  great   ecliptic.     But    the    orbits   of  the  comets  cut 
comet  which    appeared  in   1811,  at  one  hun-   the  ecliptic   in  every  direction,  and,  in   some 
dred  millions  of  miles,  a  space  larger  than  the   instances,  their  orbits  are  directly  perpendicu- 
whole  distance  between  the  earth  and  the  sun  ;   larto  it.     They  likewise  differ  from   the  pla- 
and  its  breadth  was  calculated  at  about  fifteen    nets  in   the   fonu  of  their  orbits.     The  orbits 
millions  of  miles.     We  may  just  simply  men-  of  most  of  the  planets,  though  elliptical,  ap- 
tion  the  opinions  of  different  philosophers,  re-   proach  very   nearly   to  circles;  but  those   of 
specting  those  long   trains    of  light.     Tycho    comets  are  long  narrow  ellipses,  whose  length 
Brahe   supposed    them    to  be  the  light  of  the   is  many  limes  greater  than  their  breadth,  and, 
Eun   transmitted   through  the   nucleus  of  the    in  most  cases,  the  full  extent  of  their  elonga- 
comet,   which  he   believed   to   be    transparent   tion  cannot  be  traced.     Only    one  small  por- 
like  a  lens.     Kepler  thought  that  the  impul-   tion   of  these  orbits  lies  within   the  limits  of 
fiion  of  the  solar  rays  drove  away  the   denser   our  observations,  and  their   remotest   l)ounda- 
parts   of   the  comet's    atmosphere,   and    thus   ries  are  fiir  beyond  the  range  of  human  vision, 
formed  the  tail.     Sir  I.  Newton  supposed  that    Hence  it  is,  that   we  perceive  a   comet  only 
it  is  a  thin  vapour,  raised   by  the  heat  of  the   for  a  very  short  time,  and  during  a  very  small 
sun  from  the  comet,     Euler  maintained   that   part  of  its  course,  the  remaining  parts  of  its 
the -tail  is  occasumed  by  the  impulsion  of  the   course  being  performed  in  regions  beyond  the 
solar  rays  driving  off  the   atmosphere  of  the   reach  even  of  our   telescopic  vision,  and  be- 
comet,  and  that  the  curvature  observed  in   the   yond  the  orbit  of  the  remotest  planet, 
tail  is  the  joint  effect  of  this  impulsive  force,       The  following  are   some  of  the  more  re- 
and  the  gravitation  of  the  atmospherical  parti-   markable  comets  which  have  appeared  within 
cles  to  the  solid  nucleus.     Mairin  imagined   the  last  century  and  a  half.     The  most  splen- 
that   comets'  tails  are   portions  of  the   sun's  did  of  these  bodies    which  have   appeared  in 
atmosphere.     Dr.  Hamilton  supposed  them  to   modern  times  was  the  comet  of  1680.     The 
be  streams  of  electric  matter.    Biot,  the  French   tail  of  this  comet  is  said  to  have  reached  from 
philosopher,  supposes  that  the  tails  are  vapours  the  zenith  to  the  horizon,  an  extent  of  ninety 
produced   by   the  excessive   heat  of  the    sun,   degrees.      When   nearest  the   sun  it  was  cal- 
and  also  that  the  comets  are    solid   bodies  be-   culated  to  have  been  within  150,000  miles  of 
fore  they  reach  their  perihelion,  but  that  they   his  surface,  and  its  rate  of  motion  at  that  time 
are  afterwards  either  partly  or  totally  convert-   was  computed  at  about  a  million   of  miles  an 
ed   into  vapour   by  the   intensity  of  the  solar  hour.     The  period  of  its  revolution  round  the 
heat.    Notwithstanding  these  opinions  of  emi-   sun  vi^as  calculated  at  575  years  ;  and  if  this 
nent  philosophers,  we  must  still  admit  that  the   computation   be   correct  it  will  not  again  visit 
true  cause  of  the   extraordinary  phenomenon   this   part  of  the   system    till    the  year   2255. 
of  the  tails  of  comets  remains  yet  unknown.   Another  comet  which  has  excited  a  consider- 
WMien  we  consider  that  these  vast  streams  of    able  degree  of  interest   and  attention,  is  that 
Ih^hi  extend,  in  some  instances,  to  eighty  and   which  appeared  in  1682,  and  is  known  by  the 
a  hundred  millions  of  miles  in  length,  we  can-  name  of  Halley's  comet.     Dr.  Haliey  com- 
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puled  the  period  of  this  comet  at  75  or  76 
years,  and  predicted  that  it  would  again  ap- 
pear about  the  end  of  1768,  or  the  beginning 
of  1759.  It  accordingly  arrived  at  its  peri- 
helion on  the  13th  March,  1759.  If  76  years 
be  the  real  period  of  this  comet,  then  it  l^e- 
hoved  to  re-ap|.>ear  in  1835,  which  happened 
accordingly.  It  was  seen  at  Rome  on  the  5th 
of  August  that  year,  and  arrived  at  its  perihe- 
lion on  the  16th  November.  The  period  of 
this  comet,  then,  is  determined,  and  it  is 
proved,  at  the  same  time,  that  comets  are  per- 
manent bodies  belonging  to  the  soJar  system. 
At  the  remotest  point  of  its  orbit,  this  comet 
is  computed  to  be  3,400,000,000  of  miles 
from  the  sun,  or  nearly  double  the  distance  of 
Uranus. 

Another  brilliant  comet  appeared  in  1744, 
the  diameter  of  the  nucleus  of  which  was 
nearly  equal  to  the  apparent  disk  of  the  planet 
Jupiter;  and  its  tail,  which  was  divided  into 
six  streams  of  light,  was  reckoned  to  be 
23,000,000  of  miles  in  length.  In  1807,  a 
large  comet  made  its  appearance  in  the  month 
of  October,  and  continued  to  be  visible  to  the 
naked  eye  for  nearly  two  months.  The 
diameter  of  its  nucleus  was  calculated  by 
Schroeter  to  be  4600  miles,  and  the  diameter 
of  its  coma,  or  nebulosity  surrounding  the 
nucleus,  120,000  miles ;  its  motion  was  fre- 
quently at  the  rate  of  55,000  miles  an  hour. 
A  still  more  splendid  comet  made  its  appear, 
ance  in  September,  1811,  which  wa?  visible  to 
the  naked  eye  for  more  than  three  months  in 
succession.  Schroeter  computed  the  diameter 
of  this  comet  at  50,000  miles,  and  Sir  W. 
Herschel  estimated  the  length  of  its  tail  at 
100,000,000  of  miles.  When  nearest  the 
earth  it  was  distant  about  113,000,000  of 
miles.  We  shall  notice  only  two  other 
comets,  remarkable  on  account  of  the  short- 
ness of  their  periods.  The  first  of  these 
comets  to  which  I  allude  is  called  the  Encke 
comet,  from  Professor  Encke,  who  first  ascer- 
tained its  period.  It  performs  its  revolution 
In  a  period  shorter  than  that  of  any  comet  yet 
known;  namely  in  1200  days,  or  three  years 
and  three-tenths.  Its  orbit  penetrates  with- 
in the  orbit  of  Mercury,  but  does  not  extend 
so  far  as  the  orbit  of  Jupiter.  It  is  a  very 
small  body,  and  is  scarcely  distinguishable  by 
the  naked  eye.  The  other  comet  is  that  of 
Biela,  sometimes  called  Ganibart's  comet, 
which  finishes  its  revolution  in  a  period  of 
6^  years.  It  was  seen  in  1826,  1832,  and 
1839,  and  in  February  and  March,  1846.  It 
is  likewise  a  very  small  comet,  and  cannot  be 
geen  without  a  telescope. 

The  numl>er  of  comets  has  been  estimated 

to  be  very  great.     Seven  or  eight  hundred  of 

these   bodies  have  been    observed  in  ditferent 

ages,    but  there  are  only  a  little  more  than  a 

(998) 


hundred  of  them,  the  elements  of  whose  orbits 
have  been  accurately  calculated,  so  as  to  iden- 
tify them  should  they  again  make  their  appear- 
ance. By  far  the  greater  number  are  invisible 
to  the  naked  eye,  and  even  beyond  the  reach 
of  telescopes,  and  many  of  them,  doubtless, 
pass  along  our  hemisphere  in  the  daytime, 
when  they  cannot  be  perceived  From  calcu- 
lations formed  on  probable  grounds,  M.  Arago 
concludes  that  the  number  of  comets  which 
visit  the  solar  system  within  the  orbit  of  Ura- 
nus, is  at  least  3,000,000.  Of  late,  within  the 
space  of  fourteen  months,  five  or  six  comets 
have  made  their  appearance  ;  one  in  Decem- 
ber, 1843,  in  the  constellation  o{  Orion; 
another  in  August,  1844,  not  far  from  the 
star  Arcturus,  in  the  constellation  Bootes ;  a 
third  was  seen  in  September  of  the  same 
year,  near  the  constellation  Cetus  ;  a  tourth 
was  seen  in  the  month  of  January,  1845,  in 
the  West  Indies,  and  which  was  visible  to  the 
naked  eye,  but  was  not  seen  in  this  country 
on  account  of  its  great  southern  declination; 
a  fifth  was  seen  in  this  country'in  February, 
1845,  near  the  constellation  of  Ursa  Major, 
and  about  the  same  time  another  was  said  to 
have  been  seen  in  the  East  Indies.  We  had 
an  opportunity  of  seeing  two  of  these  comets, 
but  they  were  both  invisible  to  the  naked 
eye. 

In  former  ages,  the  appearance  of  a  comet 
was  viewed  as  the  forerunner  of  disastrous 
events,  such  as  wars,  fomine,  pestilence,  the 
revolutions  of  nations  and  empires,  the  death 
of  kings  and  princes,  inundations,  earthquakes, 
and  similar  calamities.  But  we  need  scarcely 
say  that  there  is  not  the  least  foundation  for 
such  apprehensions ;  for  comets  are  every 
year  inaking  their  appearance  to  the  astrono- 
mical observer,  while  both  the  physical  and 
the  moral  world  is  moving  on  in  its  regular 
course.  The  comets  are,  doubtless,  messen- 
gers of  the  Deity  sent  forth  to  accomplish  the 
designs  he  intended  in  their  creation  ;  but  we 
have  not  the  least  reason  to  believe  that  they 
were  ever  intended  to  "  shake  from  their 
horrid  hair"  wars,  famine,  and  pestilence  up- 
on the  nations.  Their  destination,  whatever 
it  may  be,  must  be  in  full  accordance  with  the 
benevolence  of  him  whose  "  tender  mercies 
are  over  all  his  works."  It  has,  indeed,  been 
apprehended  by  some  that  a  comet  in  crossing 
the  path  of  the  earth,  might  happen  to  come 
into  collision  with  it,  and  produce  a  shock, 
which  would  shatter  its  present  constitution, 
and  prove  destructive  to  its  inhabitants,  It  is 
admitted  that  this  is  a  possible  circumstance, 
though  the  chances  in  favour  of  it,  according 
to  Arago,  are  only  as  one  to  281,000,000.. 
In  France  and  other  parts  of  the  European 
continent,  in  1773,  an  apprehension  of  this 
kind  was  excited,  which  was  attended  with 
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miiny  eerious  consequences.  People  of  weak  must  be  intendod  to  subserve  important  pur- 
minds,  it  is  said,  died  of  fright,  and  women  poses  in  the  system  of  crealion,  worthy  of  the 
miscarried.  A  similar  alarm  was  produced  in  perfections  of  Him  who  is  infinite  in  know- 
1S32,  when  it  was  announced  that  the  comet  ledge,  who  "  estabHshed  the  world  by  his  wis- 
of  Biela,  on  the  29th  of  October,  would  cross  dom,  and  hath  stretched  out  the  heaven  by 
the  plane  of  the  ecliptic  at  a  point  near  where  his  understanding."  So  many  thousands,  or 
the  earth  would  be  on  the  .30th  of  November  even  millions  of  these  blazing  orbs,  as  are 
following  ;  but  before  the  earth  arrived  at  that  continually  traversing  the  regions  of  the  pla- 
point,  the  comet  was  distant  from  it  50,000,000  netary  system,  were  not  created  in  vain.  The 
of  miles.  All  such  forebodings  and  alarms  adjustment  of  their  motions,  and  the  arrange- 
may  be  considered  as  entirely  without  founda-  ment  of  their  orbits,  so  as  not  to  interfere 
tion.  At  least  the  believer  in  Divine  revela-  with  each  other,  nor  with  the  motions  of  the 
tion  has  nothing  to  fear,  for  he  knows  that  planets,  is  an  evidence  of  that  Divine  wisdom 
the  purposes  of  the  Almighty  in  respect  to  which  is  displayed  throughout  every  part  of 
this  world  are  not  yet  nearly  completed,  and  creation.  The  number  of  these  bodies,  th© 
that  many  of  the  most  prominent  predictions  vast  magnitude  of  their  blazing  tails,  and  the 
of  inspired  prophets  are  not  yet  accomplished,  amazing  velocity  with  which  they  move  in 
Wars  must  cease  to  the  ends  of  the  earth,  certain  parts  of  their  orbits,  display  the  Al- 
The  knowledge  of  Jehovah  must  cover  the  mighty  power  of  Him  who  at  first  set  them 
earth.  The  Jews  must  be  converted  to  the  in  motion  :  and  although  we  are  partly  igno- 
faith  of  Messiah.  7'he  kingdoms  of  this  rant  of  the  ultimate  designs  they  are  intended 
world  must  '*  become  the  kingdoms  of  our  to  accomplish,  yet  we  may  rest  assured  that 
Lord,  and  of  his  Christ,"  and  righteousness  they  form  a  part  of  that  plan  of  Divine  bene- 
and  praise  must  spring  forth  before  all  nations,  ficence,  which  appears  a  prominent  object  in 
before  a  comet  or  any  other  celestial  agent  all  the  works  of  God.  There  seems  no  im- 
shall  be  permitted  to  impinge  upon  our  globe,  probability  in  the  supposition,  that  they  are 
or  to  alter  its  present  constitution;  and  cen-  intended  as  habitations  for  various  orders  of 
turies  must  necessarily  elapse  before  such  oh-  inteilecttial  beings,  to  whom  the  Almighty 
jects  are  fully  accomplished.  displays  himself  in  a  peculiar  manner,  difier- 

As  to  the  destination  of  comets,  or  the  pur-  ent  from  that  of  the  inhabitants  of  the  planets, 
poses  they  are  intended  to  serve,  in  the  eco-  and  whose  corporeal  organization  is  exactly 
jiomy  of  the  universe,  we  are  in  a  great  mea-  adapted  to  the  nature  and  properties  of  the 
sure  ignorant,  as  we  are  unacquainted  with  world  in  which  they  are  placed.  For  we  have 
the  nature  and  constitution  of  these  singular  ev{'ry  reason  to  believe  that  an  infinite  variety 
and  anomalous  bodies.  But  as  they  are  all  exists  in  the  universe,  in  respect  both  to  the 
the  workmanship  of  Him  who  is  "  wonderful  physical  and  mental  constitution  of  the  iutei- 
in  counsel,  and   excellent  in  working,  "  they   ligences  it  contains. 


CHAPTER  VL 

On  Eclipses  of  the  Sun  and  Moon> 

The  term  eclipse  is  derived  from  a  Greek  and  viewed  with  apprehension  and  alarm.    It 

word,  which    signifies    to    be   diminished,  to  was  believetl  that  they  were  produced   by  the 

faint  away,  to  swoon,  or  to  die.      When  the  inimediate   interposition   of  God,   as  a   token 

full  moon,  in   her   greatest   lustre,  is  deprived  of  his  displeasure.   When  the  sun  was  totally 

of  the  beams  of  the  sun,  she  appears  pale  and  eclipsed,   it   was   imagined,  by   many   of   the 

languid,  as  if  she  were  sick  and  dying.  Hence  ancients,    that   he    turned  away   his  face,  in 

the  superstitious  among  the  ancients  imagined  abhorrence  of  some  atrocious  crime  that  had 

that  the  moon  was  in  pain  at  such  times,  and  been    committed,    or  was  ab<)ut  to   be  perpe- 

therefore   lunar  eclipses   were   called    the   la-  trated  on  the  earth,  and  threatened   mankind 

hours   of  the  moon  ;  and,  in   order  to  relieve  with    everlasting   night.      When    the   Medes 

her  in  that  fancied  distress,   they  were  accus-  and  Persians,  several  centuries  before  Christ, 

tomed  to  hold  up  on  high   lighted  torches;   to  were  preparing   to  engage  in   furious  combat, 

blow   with   horns   and   trumpets;  to   make   a  they  were   so   alarmed   at   an   eclipse,  which 

loud  noise,  by  beating  on  vessels  of  brass  and  happened  at  that   time,  that  the  warriors  on 

iron,  to   break,   it"  possible,  the   enchantment  both  sides  laid  down   their  arms,  and  entered 

that  had  fallen  on   the  lunar  orb.     Before  the  into  a  treaty  of  peace.     When    the    fleet   of 

true  causes  of  eclipses  were  ascertained,  those  Pericles,  the  celebrated   Grecian,  was  prepar- 

phcnomena  were  considered  as  supernatural,  ing  to  attack  Pelopoiiuesus,  there   happened 
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an  eclipse  of  the  sun,  which  was  considered 
as  a  most  unfortunate  omen  ;  and  the  whole 
of  the  Athenian  commanders  and  their  men 
were  thrown  into  the  greatest  consternation. 
Such  facts  should  inspire  us  with  gratitude 
for  the  advantages  we  now  enjoy,  in  a  land 
where  science  is  cultivated,  and  useful  know- 
ledge dissenjinated,  and  where  the  light  of 
Divine  reveialion  has  dispelled  the  darkness 
and  superstitions  of  the  heathen  world. 

Every  planet  and  satelUte  is  enlightened 
by  the  sun,  and,  consequently,  casts  a  shadow 
towards  the  point  of  the  heavens  which  is 
opposite  to  that  luminary.  An  eclipse,  there- 
fore, is  a  privation  of  the  light  of  the  sun,  or 
of  some  other  heavenly  hody,  by  the  interposi- 
tion of  another  body  between  it  and  our  sight. 
Eclipses  are  either  of  the  sun,  or  the  moon, 
or  of  the  satelhles  which  accompany  some  of 
the  planets.  In  regard  to  circumstances, 
they  are  divided  into  total,  partial,  annular, 
and  central.  A  total  eclipse  is  when  the 
whole  face  of  the  luminary  is  darkened;  a 
partial  eclipse' is  one  when  only  a  part  of  the 
disk  is  darkened  ;  an  annular  eclipse  is  when 
the  whole  is  darkened  except  a  ring,  or  annu- 
lus,  which  apppears  round  the  dark  part  like 
an  illuminated  border.  This  can  only  happen 
in  the  case  of  an  eclipse  of  the  sun.  In  a 
central  eclipse,  the  centres  of  the  two  lumina- 
ries and  that  of  the  earth  are  in  one  and  the 
same  right  line,  as  when  in  an  echpse,  the 
moon  passes  through  the  centre  of  the  earth's 
shadow 


Section  I. 

On  ike  Eclipses  of  the  Moon, 

An  eclipse  of  the  moon  is  produced  by  the 
interposition  of  the  earth  between  the  sun  and 
moon,  and,  consequently,  it  can  only  happen 
at  the  time  of  full  moon,  when  the  moon  is 
iin  opposition  to  the  sun.  As  the  earth  is  an 
opaque  body,  enlightened  by  the  sun,  it  will 
cast  a  shadow  towards  those  portions  of  space 
which  are  opposite  to  the  sun,  and  if  the 
uioon  happen  to  pass  through  those  spaces 
where  the  shadow  falls,  she  must  necessarily 
l>o  eclipsed.  'J'he  sun  and  the  earth  are  both 
.spherical  bodies,  and,  therefore,  if  they  were 
of  an  equal  size,  the  shadow  of  the  earth 
would  be  cylindrical,  as  in  fig  54,  and  would 
continute  of  the  same  breadth,  at  all  distances 
from  the  earth,  and  would  extend  to  an 
equal  distance,  and  might  cause  an  eclipse 
ef  the  sun  to  the  superior  planets.  If  the  sun 
were  less  than  the  earth,  the  shadow  would 
expand,  and  grow  wider  the  farther  it  was 
from  the  earth,  as  in  fig.  55.     It  would  reach 


the  orbits  of  Mars,  Jupiter,  Saturn,  and  Ura- 
nus, and  eclipse  them,  when  the  earth  inter- 
posed between  them  and  the  sun  ;  and  these 
eclipses,  in  the  case  of  the  most  distant 
planets,  would  be  of  long  duration,  on  account 
of  the  shadow  being  broader  in  proportion  to 
the  distance.  But  as  such  eclipses  never 
happen,  it  forms  a  demonstrative  proof  that 
the  sun  is  not  less,  but  greater  than  the  earth. 

Fig.  54. 


Fig.  55. 


Fig.  56. 


(1000) 


The  sun,  then,  being  greater  than  the  earth, 
the  shadow  of  the  earth  is  a  cone,  which  ends 
in  a  point  at  a  certain  distance  from  the 
earth,  as  represented  in  fig.  56.  This  cone 
reaches  to  a  distance  of  840,000  miles  from 
the  earth,  or  about  three  and  a  half  times  as 
long  as  the  distance  of  the  moon  from  the 
earth. 

If  the  moon  always  moved  in  the  plane 
of  the  ecliptic,  she  would  suffer  a  total 
eclipse,  at  the  time  of  every  full  moon,  by 
passing  through  the  centre  of  the  earth's 
shadow.  But  the  moon's  orbit  is  inclined  to 
the  plane  of  the  ecliptic,  at  an  angle  of  .5°  8^ 
and  coincides  with  it  only  in  two  places, 
called  the  nodes,  or  the  points  where  her  or- 
bit intersects  the  ecliptic.  Full  moon,  there- 
fore, may  frequently  happen  without  an 
eclipse,  as  at  this  period  the  moon  may  be 
either  to  the  north  or  the  south  of  the  ecliptic. 
It  has  been  calculated,  that  if  the  meai^ 
opposition  of  the  sun  and  moon,  or  the  full 
moon,  happen  within  7°  47'  of  the  moon's 
node,  there  must  be   an  eclipse;    but  if  the 
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distance  be  creator  than  13°  21',  there  cannot 
be  an  eclipse.  Let  h  r,  fig.  57,  represent  the 
mv)on's  orbit,  k  f  the  plane  of  the  ecliptic, 
and  N  the  notle  of  the  orbit,  or  point  where 
it  cuts  the  ecHptic ;  and  a  b  c  d  four  repre- 

Fig.  57. 


Fig.  58. 


sentations  of  the  earth's  shadow  in  the 
ecliptic.  It  is  obvious!  that  when  the  shadow 
is  at  A,  and  the  nioon  at  i,  there  will  he  no 
eclipse,  because  the  moon  is  too  far  from  the 
node,  and  the  earth's  shadow  does  not  reach 
her.  When  the  full  moon 
is  nearer  to  the  node,  as  at 
K,  only  a  part  of  her  disk 
passes  through  the  shadow, 
when  she  sutlers  a  partial 
eclipse.  When  the  full 
moon  is  at  l,  she  passes 
through  a  portion  of  the 
shadow,  and.  is  totally  e- 
ciipsed.  When  the  moon's 
centre  passes  through  the 
centre  of  the  shadow,  which 
can  only  happen  when  she 
is  in  the  node  at  n,  it  is 
then  both  a  total  and  a 
central  eclipse ;  and  such 
an  eclipse  is  of  the  longest 
duration' — at  which  time 
the  total  darkness  continues 
about  two  hours. 

Fig.  58  represents,  in  a 
diff-'rent  point  of  view,  a 
total  ecli})se  of  the  moon. 
The  circle  a  «  c  represents 
the  orbit  of  the  moon,  in 
which  it  revolves  round  the  earth.  The  moon 
is  supposed  to  be  in  the  node,  and  in  her  op- 
position to  the  sun-— she  therefore  passes 
through  the  centre  of  the  earth's  shadow. 
And  "as  the  shadow  of  the  earth  is  nearly 
6000  miles  brond  at  the  distance  of  the  moon, 
and  as  the  moon  is  only  a  little  more  than 
2000  miles  in  diameter,  she  must  be  complete- 
ly immersed  in  the  shadow  of  the  earth,  and 
must  move  nearly  three  times  her  own  diame- 
ter before  she  can  emerge  from  the  shadow. 

The  following  f.icts  may  be  stated  in  rela- 
tion to  lunijf  eclipses:— I.  An  eclipse  of  the 
moon  always  begins  on  the  moon's  eastern 
gide,  and  goes  off  on  her  western  side.  2.  Lu- 
nar eclipses  are  visible  in  all  parts  of  the  earth 
which  have  the  moon  above  tiieir  horizon,  and 
126 


are  every  where  of  the  same  magnitude  and 
duration.  3.  The  moon's  diameter  is  sup- 
posed to  be  divided  into  twelve  equal  parts 
called  digits,  and  as  many  of  these  parts  as 
are  darkened  by  the  earth's  shadow,  so  many- 
digits  is  the  moon  said  to  be  eclipsed.  The 
extent  in  which  the  moon  is  eclipsed  above 
twelve  digits  shows  hovi?  far  the  shadow  of 
the  earth  is  over  the  body  of  the  moon  on  that 
edge  to  which  she  is  nearest  at  the  middle  of 
the  eclipse.  4.  The  moon,  when  totally  eclips- 
ed, is  not  invisible,  if  she  be  above  the  horizon 
and  the  atmosphere  clear;  but  appears  gener- 
ally of  a  dusky  colour,  and  somewhat  like 
tarnished  copper,  especially  towards  the  edges, 
being  generally  more  dark  about  the  middle 
of  the  earth's  shadow.  Some  have  supposed 
this  to  arise  from  the  moon's  native  light,  but 
the  true  cause  of  her  being  visible  is,  the  scat- 
tered beams  of  the  sun  bent  into  the  earth's 
shadow,  by  passing  through  the  atmos}>here. 
The  moon  is  not  eclij)sed  by  the  earth  alone; 
the  atmosphere,  by  refracting  some  of  the  rays 
of  the  sun,  and  reflecting  others,  casts  a  shadow, 
though  not  so  dark  a  one  as  that  which  arises 
from  an  opaque  body.  Although  in  most  lunar 
eclipses  the  body  of  the  moon,  though  obscure, 
is  still  visible,  yet  it  has  sometimes  happened 
otherwise.  Hevelius  mentions,  in  his  "  Sele- 
nographia,"  an  eclipse  of  the  moon  which 
happened  in  August,  1647,  when  he  was  not 
able  to  distinguish  the  face  of  the  moon  even 
with  a  good  telescope,  although  the  sky  was 
sufficiently  clear  for  him  to  see  stars  of  the 
fifth  magnitude:   but  such  cases  are  rare. 

The  duration  of  a  lunar  eclipse  depends  on 
the  following  circumstances: — I.  On  the  large- 
ness of  the  circle-  of  the  earth's  shadow,  whose 
diameter  may  be  ditferent  at  ditlerent  times; 
the  nearer  the  moon  is  to  the  earth,  the  larger 
is  that  poition  of  the  earlh's  sliadow  through 
which  she  passes.  2.  On  the  apparent  dian> 
eter  of  the  moon,  which  may  be  difierent,  on 
account  of  her  variable  distance  as  she  moves 
in  an  elliptical  orbit.  3.  On  the  distance 
of  the  moon  from  her  node  at  the  moment  of 
her  being  full,  which  will  cause  her  to  pass 
through  a  greater,  or  less,  portion  of  the 
earth's  shadow.  Thus  wlien  the  moon  is  at  k, 
fig.  57,  the  eclipse  will  be  of  comf)aratively 
small  duration  ;  when  at  l,  its  duration  will 
be  much  longer,  but  not  so  lojig  as  when  she  is 
at  ]s-,  in  the  node,  when  she  passes  through 
the  centre  of  the  shadow.  4.  On  the  velocity 
of  the  moon's  motion  across  the  shadow  of  the 
earth,  which  is  swiftest  when  she  is  in  perigee, 
or  nearest  the  earth,  and  duration  of  a  central 
eclipse  will  then  be  shortest.  According  to  these 
circumstances  will  be  the  time  of  continuance 
of  a  lunar  eclipse.  When  the  moon  is  cen- 
trally eclipsed,  and  when  she  is  at  her  greatest 
distance  from  the  earth,  its  duration  is  three 
(lOOl) 
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hours,  57  minutes,  26  seconds,  from  beginning 
to  end  :  and  when  she  is  at  her  least  distance, 
'3  hours,  37  minutes,  26  seconds.  The  moon 
may  be  totally  eclipsed,  although  she  do  not 
pass  through  the  centre  of  the  shadow ;  but 
in  this  case  the  duration  of  the  eclipse  will 
be  shorter  than  what  has  now  been  stated. 
In  some  instances,  the  continuation  of  total 
darkness  may  amount  only  to  a  few  minutes, 
when  the  moon  passes  near  the  extremity  of 
the  shadow. 


having  the  enlightened  side  towards  the  sun, 
and  its  dark  hemisphere  wh«>lly  turneu  to- 
wards the  earth,  which  is  its  position  at  new 
moon.  It  is  also  supposed  to  be  in  its  node, 
in  an  exact  line  between  the  sun  and  the 
earth.  In  this  situation  the  shadow  of  the 
moon  fails  upon  a  certain  portion  of  the  earth. 

Fig.  59. 


SECTlOIf    11. 

On  Eclipses  of  the  Sun. 

An  eclipse  of  the  sun  is  caused  by  the  in- 
terposition of  the  body  of  the  moon  between 
the  sun  and  the  earth,  when  she  throws  a 
shadow  over  a  certain  portion  of  the  earth. 
This  can  happen  only  at  the  time  of  new 
moon,  and  when  the  moon  is  at  or  near  one 
of  her  nodes.  The  eclipses  of  the  sun  and 
moon,  though  expressed  by  the  same  word, 
are  in  their  nature  very  different;  the  sun,  in 
reality,  loses  nothing  of  his  native  lustre  in 
the  greatest  eclipse,  but  is  all  the  while  dif- 
fusing streams  of  light  around  him  in  every 
direction,  and  illuminating  without  intermis- 
sion all  the  bodies  of  the  planetary  system. 
Some  of  these  streams,  however,  are  occa- 
sionally intercepted  in  their  course  towards 
the  earth  by  the  moon  coming  between  the 
earth  and  sun,  and  at  that  time  the  dark  side 
of  the  moon  is  turned  towards  the  earth. 
When  the  moon  is  eclipsed,  she  suffers  a  real 
diminution  of  her  borrowed  light ;  but  when 
the  sun  is  said  to  be  eclipsed,  there  is  no  dimi- 
nution of  his  light,  and  it  is  in  reality  an 
eclipse  of  the  earth  by  the  shadow  of  the 
moon  falling  upon  a  certain  portion  of  our 
globe  :  and  this  shadow  would  be  distinctly 
seen,  by  an  inhabitant  of  the  moon,  passing 
along  a  certain  zone  of  the  earth,  like  a  small, 
dark,  circular  s|)ot.  The  moon  being  much 
smaller  than  the  earth,  and  having  a  conical 
shadow — because  she  is  less  than  the  sun — 
can  cover  only  a  part  of  the  earth  by  her 
shadow  :  hence  an  eclipse  of  the  sun  is  visi- 
ble only  to  a  few  inhabitants  of  the  enrth, 
whereas  an  eclipse  of  the  moon  is  visible  to 
all  who  are  on  that  hemisphere,  where  the 
lunar  orb  is  seen. 

The  following  diagram,  fig.  59,  will  con- 
vey a  general  idea  of  the  nature  of  an  eclipse 
of  the  sun.  In  this  figure,  s  represents  the 
sun;  M,  the  moon  ;  e,  the  earth  ;  and  m  n  o, 
the  orbit  of  the  moon.  The  moon  is  supposed 
4o  be  in  that  part  of  its  orbit  next  the  sun, 
(10U2) 


and  intercepts  the  rays  of  the  sun,  for  a  little, 
from  the  inhabitants  of  the  earth  on  whom 
the  shadow  falls.  Part  of  the  cone  of  the 
shadow  is  represented  at  a  /;,  and  it  is  never 
more  than  about  180  n;i!es  in  diameter,  within 
the  limits  of  which  the  sun  will  ai)pear  totally 
eclipsed.  But  sometinjes  it  happens  that  the 
extremity  of  the  cone  of  the  moon's  shadow 
falls  short  of  the  earth,  in  which  case  an  an- 
nular eclipse  of  the  sun  is  produced  ;  in  which 
the  sun  appears  like  a  liril.iant  ritig  of  light 
around  the  dark  body  of  the  moon.  Besides 
the  dark  shadow,  there  is  a  fjcnumbra  or 
fainter  shadow  produced,  whi<:h  is  represented 
at  c  d ;  and  in  all  those  parts  whore  the  pe- 
numbra falls,  the  sun  will  he  only  partially 
eclipsed.  Thus,  between  c  and  /:/,  the  parts 
of  the  sun  about  a  it  cannot  he  seen  ;  the 
rays  coming  from  thence  towards  c  ot  a  being 
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intercepted  by  the  moon  :  but  the  portions  of  Therefore,  in  that  time,  there  will  be  a  re^^u- 
the  sun  about  g  and  h  will  be  visible.  The  h\r  period  of  eclipses  for  many  ages.  In  this 
nearer  any  place  of  the  earth — within  the  period  there  are  18  Julian  years,  11  days,  7 
penumbra — is  to  the  dark  shadow  of  the  hours,  42  minutes,  31  seconds  ;  when  the  last 
moon,  the  greater  will  the  eclipse  appear,  and  day  of  February  in  leap  years  is  four  times 
the  nearer  it  is  to  the  outside  of  the  penum-  included.  Consequently,  if  to  the  mean  time 
bra,  the  smaller  will  be  that  portion  of  the  of  any  eclipse,  either  of  the  sun  or  moon,  we 
sun  which  is  seen  eclipsed.  To  those  who  add  the  above  period,  we  shall  have  the  mean 
live  beyond  the  boundary  of  the  penumbra,  time  of  the  return  of  the  same  eclipse.  Dur- 
the  whole  disk  of  the  sun  will  be  seen  and  no  ing  tin's  period,  there  happens  about  63  eclif)- 
eclipse  will  be  visible.  Hence  it  happens,  ses,  21  of  the  moon  and  41  of  the  sun.  If, 
that  the  sun  may  be  totally  eclipsed  in  Africa  then,  we  wish  to  know  the  mean  time  of  an 
and  the  southern  parts  of  Asia,  and  no  trace  eclipse  for  any  year,  we  have  only  to  seek  in 
of  an  eclif)se  perceived,  at  the  same  moment,  old  almanacs  the  exact  time  that  any  eclipse 
either  in  Britain  or  America.  may  have  happened  18  years  before,  and   add 

The  following  are  some  facts  in  relation  to  to  such  time  the  above-mentioned  period, 
solar  eclipses: — 1.  If  the  mean  conjunction  From  what  has  been  now  stated  respecting 
of  the  sun  and  moon  takes  place  within  1.5  solar  eclipses,  it  is  evident  that  the  darkness 
degrees  of  the  moon's  node,  there  must  be  an  which  accompanied  our  Saviour's  crucifixion 
eclipse  of  the  sun  ;  but  if  the  conjunction  hap-  must  have  been  supernatural.  For  it  happened 
pen  at  a  greater  distance  from  the  node  than  at  the  time  of  the  Jewish  passover ;  and  that 
21  degrees,  tht»re  can  be  no  eclipse.  There-  festival,  by  the  appointment  of  the  law,  was 
fore,  between  15  degrees  and  21  degrees  there  to  be  celebrated  at  full  moon,  at  which  time  it 
may,  or  may  not  be  an  eclipse.  2.  The  pe-  was  impossible  that  the  shadow  of  the  moon 
numbra  covers  a  space  of  4900  miles  in  diam-  could  tall  upon  the  earth,  or  the  sun  be  eclips- 
eter,  within  which  the  sun  will  appear  more  ed,  according  to  the  established  laws  of  nature, 
or  less  eclipsed.  3.  The  motion  of  the  moon's  Besides,  in  a  total  eclipse  of  the  sun,  the  time 
shadow  over  the  earth's  surface  is  equal  to  her  of  the  continuance  of  total  darkness  is  not 
motion  in  her  orbit,  which  is  about  2200  miles  more  than  about  four  minutes  ;  but  the  dark- 
in  an  hour  ;  a  velocity  four  times  as  great  as  ness  which  overspread  "the  whole  land," 
that  of  a  cannon  ball.  4.  The  number  of  while  our  Redeemer  hung  upon  the  cross,  con- 
eclipses  in  any  year  cannot  be  less  than  two,  tinned  without  intermission  for  more  than 
and  those  both  of  the  sun  ;  nor  can  they  be  three  hours.  And  again,  although  the  sun 
ever  more  than  seven:  in  which  case  there  had  been  totally  eclipsed  in  a  natural  way,  at 
will  be  five  of  the  sun,  and  two  of  the  moon,  that  time,  to  the  inhabitants  of  Jerusalem  and 
and  the  nioon's  eclipses  will  be  total.  The  its  confines,  it  would  have  been  only  partially 
usual  number  is  four  in  a  year,  two  at  each  eclipsed  to  those  who  dwelt  on  the  outskirts 
node,  and  nearly  half  a  year  intervenes  between  of  the  land  of  Judea  ;  as  the  shadow  of  the 
the  two  sets  of  eclipses.  5.  The  sun  is  moon,  in  an  eclipse  of  the  sun,  covers  only  a 
never  totally  eclipseti  longer  than  about  four  small  part  of  the  earth's  surface  at  one  time, 
minutes,  but  the  moon  may  be  immersed  in  In  confirmation  of  what  has  been  now  slated, 
the  earth's  shadow,  or  totally  eclipsed,  about  it  has  been  calculated  by  some  astronomers, 
1  hour  and  48  minutes.  6.  Eclipses  of  the  that  an  eclipse  of  the  moon,  which  can  only- 
sun  are  more  frequent  than  eclipses  of  the  take  place  at  the  time  of  full  moon,  happened 
moon,  because  the  ecliptic  limits  of  the  sun  on  the  afternoon  of  that  day  on  which  our 
are  greater ;  but  we  have  more  visible  eclipses  feaviour  was  crucified;  so  that  according  to 
of  the  moon,  because  they  are  seen  to  the  the  language  of  the  prophet,  "  The  sun  and 
whole  hemisphere  next  her;  while  eclipses  of  the  moon  were  both  darkened  in  their  hibita- 
the  sun  only  are  visible  from  a  very  small  por-  tion,"  at  the  time  when  this  solemn  and  inte- 
tion  of  the  earth's  surface.  7.  An  eclipse  of  resting  event  was  accomplished^ 
the  sun  begins  on  the  western  side,  and  ends  Total  eclipses  of  the  sun  have  always  been 
on  the  eastern.  considered     as    remarkable    events.     Clavius 

Periods  of  Eclipses. — It  has  been  found  remarks,  that  at  the  total  eclipse  of  the  sun 
that  in  223  mean  lunations,  after  the  sun,  which  happened  in  1560,  the  darkness  at  Co- 
moon,  and  nodes  have  been  once  in  a  line  of  imbra,  in  Portugal,  was  greater,  or  at  least 
conjunction,  they  return  so  nearly  to  the  same  more  striking  than  that  of  the  night,  and  that 
state  again,  that  the  same  node  which  was  in  the  birds  fell  to  the  earth  through  terror.  At 
conjunction  with  the  sun  and  moon,  at  the  be-  Berne,  in  Switzerland,  on  May  1,'  1706,  the 
ginning  of  the  first  of  these  lunations,  will  be  sun  was  totally  darkened  for  four  mmutes, 
within  less  than  half  a  degree  of  a  line  of  during  which  time  a  fixed  star  and  a  planet 
conjunction  with  the  sun  and  moon  again,  appeared  very  bright.  The  sun's  parsing  out 
when  the  last  ol  these  lunations  is  completed,    of  the  eclipse  was  preceded    by  a   blood-red 

(1003) 
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streak  of  light  from  his  left  limb  which  con-  the  countenances  of  my  frfends  wore  ahorrihle 

tinned  about  6  or  7  seconds ;  then  part  of  the  aspect.     It  was  not  without  an   involuntary 

sun's   disk  appeared  ail  on  a  sudden  brighter  exclamation   of  wonder,   I   looked    round    me 

than  Venus   was   ever   seen   in   the  night, —  at   this   moment:   I   distinguished    colours   in 

and  in   that  instant   gave  light  and  shadow  to  the   sun,  but   the   earth  had  lost  all   its   blue, 

objects  as  strong  as  the  moonlight  generally  and    was  entirely   black.     A    few   rays    shot 

does.     One   of  the  most  minute  accounts  of  through  the  clouds  for  a  moment,  but  immedi- 

the  circumstances  acconipanying  a  total  eclipse  ately  afterwards  the  earth  and  the  sky  appear- 

of  the   sun    is   that   which   is    given    by    Dr.  ed  totally  black.     It  was  the  most  awful  sight 

Slukely,  of  the   eclipse   which    happened   in  I  had  ever  beheld  in  my  life.     North-west  of 

1724,  in  a  letter  to  Dr.  Halley  ;  of  which  the  the  point  whence  the  eclipse  came  on,  it  was 

following  is  an  abridgment :  impossible  to  distinguish   in    the  least  degree 

"  I  chose  for  my  station,  Haradon-hill,  the  earth  fiom  the  sky,  for  a  breadth  of  sixty 
near  Amesbury,  east  from  Stonehenge  avenue,  degrees  or  more.  We  looked  in  vain  for  the 
In  front  is  that  celebrated  edifice  upon  which  town  of  Amesbury,  situate  below  us  ;  scarcely 
I  knew  that  the  eclipse  would  be  directed.  I  could  we  see  the  ground  under  our  feet.  All 
had  the  advantage  of  a  very  extensive  pros-  the  change  I  could  perceive  during  the  totality 
pect  in  every  direction,  being  on  the  loftiest  was  that  the  horizon  by  degrees  drew  into  two 
hill  in  the  neighbourhood,  and  that  nearest  to  parts,  light  and  dark;  the  northern  hemisphere 
the  centre  of  the  shadow.  I  had  two  men  in  growing  stiil  longer,  lighter,  and  broader,  and 
company  who  looked  through  smoked  glasses,  two  opposite  dark  parts  uniting  into  one,  and 
The  sky,  though  overcast,  gave  out  some  swallowing  up  the  southern  enlightened  part» 
straggling  rays  of  the  sun  that  enabled  us  to  "  At  length,  upon  the  first  lucid  point  ap- 
see  around  us.  It  was  half-past  five  by  my  pearing  in  the  heavens  where  the  sun  was,  I 
watch  when  they  informed  me  that  the  could  distinguish  pretty  plainly  a  rim  of  light 
eclipse  was  begun.  We  watched  its  progress  running  alongside  of  us,  a  good  while  together, 
by  the  naked  eye,  as  the  clouds  performed  for  or  sweeping  by  our  elbows,  from  west  to 
us  the  service  of  coloured  glasses.  At  the  east ;  just  then,  having  good  reason  to  suppose 
moment  when  the  sun  was  half  obscured,  a  the  totality  ended,  I  found  it  to  be  full  three 
very  evident  circular  rainbow  formed  at  its  minutes  and  a  half.  The  hill-tops  then  re- 
circumference  with  perfect  colours.  As  the  surned  their  natural  colour,  and  I  saw  no 
darkness  increased  we  saw  the  shepherds  on  horizon  at  the  point  previously  occupied  by 
all  sides  hastening  to  fold  their  flocks,  for  the  shadow.  My  companions  cried  out  that 
they  expected  a  total  eclipse  of  an  hour  and  they  again  saw  the  steep  hill  towards  which. 
a  quarter  duration.  When  the  sun  assumed  they  had  been  looking  attentively.  Presently 
the  appearance  of  the  new  moon,  the  sky  was  we  heard  the  song  of  the  larks  hailing  the 
tolerably  clear,  but  it  was  soon  covered  with  ^  return  of  light,  after  the  profound  and  univer- 
deeper  clouds.  The  rainbow  then  vanished  ;  sal  silence  in  which  every  thing  had  been 
the  hill  grew  very  dark,  and  on  each  side  the  plunged.  The  heavens  and  the  earth  now 
horizon  exhibited  a  blue  tint  like  that  at  the  appeared  of  a  grayish  castj  interspersed  with 
close  of  day.  Scarcely  had  we  time  to  count  blue,  like  the  morning  before  sunrise.  As 
ten,  when  Salishury  spire,  six  miles  to  the  soon  as  the  sun  appeared,  the  clouds  grew 
south,  was  enveloped  in  darkness.  The  hill  denser,  and  for  some  minutes  the  light  did 
disa})peared  entirely,  and  the  deepest  night  not  increase,  as  happens  at  a  cloudy  sunrise, 
spread  around  us.  We  lost  sight  of  the  sun,  The  instant  the  eclipse  became  total,  till  the 
whose  place  till  then  we  had  been  able  to  emersion  of  the  sun,  we  saw  Venus,  but  no 
distinguish  in  the  clouds,  but  whose  trace  we  other  stars.  We  perceived  at  this  moment 
could  now  no  niore  discover  than  if  had  never  the  spire  of  Salisbury  Cathedral.  The  pre- 
existed. It  was  now  35  njinutes  past  six  ;  sence  of  the  clouds  added  much  to  the  sDlem° 
shortly  before  the  sky  and  the  earth  had  nity  of  the  spectacle,  incomparably  superior, 
resumed  a  livid  tint;  there  was  also  much  in  my  opinion,  to  the  eclipse  of  1715,  winch 
black  diflhsed  through  the  clouds,  so  that  the  I  saw  perfectly  from  the  top  of  Boston  steeple, 
whole  picture  presented  an  awful  aspect  that  when  the  sky  was  very  clear.  'J'here,  indeed, 
seemed  to  announce  the  death  of  nature.  I  saw   the  two  sides  of  the  shadow,  coming 

"We  were  now  involved  in  a  total  and  from  afar,  and  passing  to  a  great  distance  be- 
palpable  darkness.  It  came  on  rapidly,  but  I  hind  us;  but  this  eclipse  exhibited  great 
watched  so  attentively  that  I  could  perceive  variety,  and  was  more  awfully  imposing.  So 
Its  progress.  It  came  upon  us  like  a  great  deep  an  impression  has  this  spectacle  made 
dark  mantle  throvi^n  over  us.  The  horses  we  on  my  mind,  that  I  shall  long  be  able  to  re- 
held  by  the  bridle  seemed  deeply  struck  by  it,  count  all  the  circums-tances  of  it  with  as  much 
and   pressed  closely  to   us  with   marks  of  ex-  precision  as  now." 

treme  surprise.     As  well  as  I  could  perceive,        There  have  been  no  total  eclipses  of  tlna 
(1004) 
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gun  in'  Britain,  since  those  of  1715  and  1724, 
nor  will  there  be  one  visible  here  during  the 
})resent  century.  The  first  total  eclipse  in 
England  will  happen  on  the  3d  of  February, 
11)16.  The  most  remarkable  solar  eclipses 
for  the  next  half  century  are  those  of  March 
15,  1858,  and  Auirust  19,  1887.  Tlie  last 
total  eclipse  of  the  sun  visible  in  Europe,  hap- 
pened on  July  8th,  1842  ;  of  which  the  fol- 
lowing account  is  abridged  from  the  Athe- 
nsBum  : 

"  Vienna,  July  8,  1842. — The  eclipse,  the 
object  of  our  journey  to  Vienna,  was  worth 
going  any  distance  to  see.  No  partial  eclipse, 
however  considerable,  can  give  the  faintest 
notion  of  what  a  total  one  is.  All  Vienna 
was  in  expectation  for  many  days  previous  to 
the  event,  and  strangers  flocked  to  that  capi- 
tal in  crowds  to  witness  that  phenomenon. 
The  celebrated  astronomer,  Schumacher,  came 
all  the  way  from  Denmark  on  purpose  to  see 
the  eclipse,  with  astronomical  eyes.  At  four 
in  the  morning,  I  beheld  the  clear  rays  of  the 
sun,  shining  opposite  my  window,  while  the 
general  appearance  of  the  sky  indicated  a 
favourable  concurrence  of  circumstances. — 
Soon  after  five,  I  was  on  my  way  to  the  Bo- 
tanical Garden,  and  already  the  ramparts  of 
the  city  were  thronged  with  multitudes. 
About  ten  minutes  before  six  the  first  spot  of 
darkness  was  observed  upon  the  sun.  From 
that  time  till  the  total  obscuration,  there  was 
no  very  unusual  appearance.  The  sky, 
about  half  an  hour  before  the  commencement 
of  the  eclipse,  became  somewhat  obscured  l)y 
vapour,  and  blue  mists  arose  increasingly 
from  the  horizon.  A  perceptible  chillness 
crept  into  the  air,  and  flights  of  swallows 
flew  wildly  and  restlessly  through  the  dark- 
ening atmosphere ;  but  as  long  as  the  small- 
est portion  of  tlie  sun  was  visible,  there  was 
considerable  light.  But  now  approached  the 
important  moment.  A  heavy  bell  tolled  at 
intervals  from  the  city,  like  the  funeral  knell 
of  our  beautiful  orb  of  light  and  life,  and  the 
sharp  shrill  cries  of  the  birds,  whi'ch  had  dis- 
appeared, as  if  to  take  refuge  from  some  im- 
pending convulsion  of  nature.  Yet  a  moment, 
and  on  a  sudden,  an  effect  took  place,  unex- 
pected and  sublime.  The  whole  aspect  of 
heaven  and  earth  underwent  a  change,  with 
regard  to  light,  colouring,  every  thing;  and 
the  instant  that  preceded  the  total  eclipse, 
resembled  in  nothing,  and  gave  no  idea  of 
that  which  followed  it. 

"Round  the  black  sun  w^as  an  irregular 
halo  of  whitish  light,  defining  clearly  and 
strongly  the  obscured  orl).  In  some  places, 
this  halo  extended  into  longer  gleams,  form- 
ing altogether  a  faint  glory.  It  was  not  so 
generally  dark  as  I  had  supposed  it  would 
have   been, — but  the  sudden  diminution  of 


light,  at  the  moment  of  total  obscuration,  was 
sudden  and  startling.  Also  the  sudden  di- 
minution of  temperature,  the  thermometer 
falling  11  degrees  instantaneously  upon  tho 
complete  immersion  of  the  sun.  One  of  the 
most  striking  and  unexpected  effects,  was  a 
red  and  lurid  glow,  that  suddenly  kindled 
upon  the  horizon  ;  the  blue  pale  vapour  that 
had  risen  from  the  east,  being  converted  into 
the  semblance  of  a  mighty  conflagration.  The 
principal  light  in  the  landscape  came  from 
thence,  no  longer  from  the  sun.  The  rest  of 
the  atmosphere  was  of  a  sickly  greenish  tinge, 
overcast  with  duskiness,  through  whose  spec- 
tral tints  the  crowds  upon  the  ramparts  were 
dimly  discerned,  all  standing  in  solemn  still- 
ness, like  the  vast  shadowy  multitudes  in  one 
of  Martin's  pictures. 

"  The  number  of  stars  visible  during  this 
eclipse,  at  Perpignan,  according  to  Arago, 
was  only  ten.  The  number  was  greater  at 
Montpelier  and  Milan.  Its  effect  upon  ani- 
mals was  remarkable.  One  of  the  friends  of 
Arago  had  five  healthy  linnets  in  a  cage, 
three  of  which  died  during  tlie  sudden  dark- 
ness of  the  eclipse.  Oxen  formed  into  a 
circle,  with  their  horns  thrust  forward,  as  if  to 
repel  an  enemy.  At  Montpelier  bats  and 
owls  appeared,  sheep  lay  as  if  for  the  night, 
and  horses  in  the  fields  viere  in  terror.  M. 
Fraise,  a  naturalist,  relates  that  a  swarm  of 
ants,  in  full  march,  stopped  short  at  the  mo- 
ment of  occultation,  when  the  darkness  was 
nearly  at  its  height." 

Eclipses  are  not  only  striking  and  interest- 
ing phenomena  of  nature,  but,  are  of  consider- 
able advantage  and  utility.  In  the  first  place, 
from  an  eclipse  of  the  moon  we  derive  one 
conclusive  argument  to  prove  the  globular 
figure  of  the  earth,  from  the  circular  shape  of 
the  shadow  of  the  earth  in  a  lunar  eclipse. 
2.  Eclipses  of  the  moon  prove  tbat-she  sun  is 
larger  than  the  earth,  because  the  shadow  of 
the  earth  shortens  in  its  breadth  as  it  retires 
from  the  earth,  and  at  lengtii  terminates  in  a 
point,  which  it  could  not  do  if  the  sun  were 
smaller.  3.  They  also  })rove  that  the  earth 
is  larger  than  the  moon,  because  the  whole 
of  the  moon's  body  is  sometimes  involved  in 
the  earth's  shadow,  and  a  section  of  this 
shadow  at  the  moon  is  much  less  than  the 
earth  itself  4.  The  longitude  of  places  may 
be  obtained  by  eclipses  to  a  great  degree  of 
accuracy.  An  eclipse  commencing  at  the 
same  moment  of  time  to  all  places  at  vi^hich  it 
is  visible,  the  difference  in  the  observed  time 
at  any  two  places  will  give  the  difference  of 
longitude  between  the  places.  5.  EcHpses 
have  lent  their  aid  in  settling  the  precise  date 
of  ancient  historical  events.  For  if  near  the 
time  of  any  memorable  event  recorded  in  his- 
tory, a  remarkable  solar  or  lunar  eclipse  be 
4  Q  (1005) 
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also  recorded,  we  may  know  whether  the  real 
time  of  this  event  be  rightly  determined,  by 
calculating  backwards,  and  ascertaining  whe- 
ther any  remarkable  eclipse  happened  near 
the  period  supposed.  For  example,  Thucy- 
dides  relates  that  a  solar  eclipse  happened  on 
a  summer's  day,  in  the  afternoon,  in  the  first 
year  of  the  Peloponnesian  war,  which  eclipse 
mm 


was  so  great  that  the  stars  appeared.  This 
is  stated  in  modern  authors  to  have  been  in 
the  year  413  before  Christ,  and  by  computa- 
tion it  appears  that  on  the  3d  of  August  in 
that  year,  there  was  a  great  solar  eclipse, 
which  passed  over  Athens  about  six  o'clock 
in  the  afternoon ;  which  therefore  corrobo- 
rates the  decision  of  chronologers. 


THE  FOLLOWING  TABLE  CONTAINS  A  STATEMENT  OE  THE  PRINCIPAL  SOLAR  ECLIPSES 
DURING  THE  PRESENT  CENTURY. 


Begiiiiiing  of  Eclipse. 

Middle 

of  the 

Eclipse. 

End  of 

ihe  Eclipse. 

Digits  Eclipsed. 

h. 

min 

sec. 

h. 

min. 

sec. 

h. 

min 

sec. 

deg. 

min. 

May 

6, 1845 

8 

30 

25 

morn. 

9 

51 

56 

morn. 

11 

19 

55 

morn. 

5 

12 

April 

25,  1846 

5 

42 

0 

even. 

6 

30 

0 

even. 

3 

42 

Oct. 

9,  1847 

6 

22 

38 

morn. 

7 

36 

38 

morn. 

8 

48 

38 

morn. 

11 

0 

July 

28,  1851 

1 

57 

11 

even. 

3 

5 

11 

even. 

4 

10 

41 

even. 

9 

43 

March  15,  1858 

11 

29 

30 

morn. 

12 

62 

2 

even. 

2 

12 

0 

even. 

11 

30 

July 

18,  1860 

1 

34 

30 

even. 

2 

45 

0 

even. 

3 

52 

30 

even. 

9 

12 

PtiC. 

31,  1861* 

2 

5 

0 

even. 

3 

4 

0 

even. 

6 

13 

May 

17,  1863* 

6 

0 

0 

even. 

6 

46 

0 

even. 

7 

30 

0 

even. 

3 

68 

Oct. 

19,  1865 

3 

55 

58 

even. 

5 

9 

58 

even. 

6 

17 

28 

even. 

7 

36 

Oct. 

8,  1866* 

5 

2 

0 

even. 

Sun  sets  6h 

32m. 

3 

58 

March  6,  1867 

8 

7 

26 

morn. 

9 

21 

.26 

morn. 

10 

40 

26 

morn. 

8 

42 

Eeb. 

23,  1868* 

3 

42 

0 

even. 

3 

64 

0 

even. 

4 

6 

0 

even. 

0 

9 

Dec. 

22,  1870 

11 

15 

28 

morn. 

12 

32 

58 

even. 

1 

48 

28 

even. 

9 

36 

May 

26,  1873* 

7 

66 

0 

morn. 

8 

48 

0 

morn. 

9 

34 

0 

morn. 

3 

36 

Oct. 

10,  1874* 

8 

55 

7 

morn. 

10 

13 

37 

morn. 

11 

34 

37 

morn. 

6 

18 

Sept. 

29,  1876* 

11 

56 

0 

morn. 

12 

37 

0 

even. 

1 

7 

0 

even. 

2 

7 

July 

19,  1879* 

7 

45 

0 

morn. 

8 

39 

0 

morn. 

9 

41 

0 

even. 

4 

8 

Dec. 

31,  1880* 

1 

49 

G 

even. 

2 

47 

0 

even. 

3 

36 

0 

even. 

4 

28 

May 

17, 1882* 

6 

22 

0 

morn. 

7 

0 

0 

morn. 

7 

49 

0 

morn. 

3 

19 

Aug. 

19,  1887 

3 

25 

22 

morn. 

4 

15 

22 

morn. 

5 

7 

62 

morn. 

11 

68 

June 

17,  1890* 

8 

19 

0 

morn. 

9 

22 

0 

morn. 

10 

48 

0 

morn. 

6 

46 

May 

28,  1900* 

3 

21 

0 

even. 

4 

30 

0 

even. 

5 

23 

0 

even. 

7 

63 

Aug, 

30,  1905 

11 

54 

52 

morn. 

1 

8 

42 

even. 

2 

19 

42 

even. 

9 

80 

April 

17,  1912 

10 

48 

12 

morn. 

12 

23 

12 

even. 

1 

45 

12 

even. 

11 

30 

Feb. 

3,  1916 

4 

21 

10 

even. 

5 

21 

40 

even. 

6 

18 

10 

even. 

12 

0 

In  the  above  table,  the  eclipses  marked  with  an  asterisk  are  calculated  for  the  meridian  of 
Paris ;  all  the  others  are  calculated  for  the  middle  of  England. 


CHAPTER  VIL 

On  the  Seasons,  and  ihe  Different  Lengths  of  Days  and  Nights. 


We  formerly  had  occasion  to  state  that  the 
earth  revolves  round  its  axis  every  24  hours, 
and  round  the  sun  in  about  365  days  and 
nearly  6  hours.  These  motions  are  intimately 
connected  with  the  different  lengths  of  days 
and  nights,  experienced  in  almost  every  region 
of  the  gUjbe,  and  with  the  seasons  which  di- 
versify the  different  portions  of  the  year. 

The  constant  succession  of  day  and  night 
- — though  so  common  as  to  be  almost  unheed- 
ed— is  in  reality  a  very  wonderful  operation  of 
the  Most  High.  When,  after  a  dark  and  tem- 
pestuous night,  the  sun  first  appears  in  the 
unclouded  horizon,  all  nature  appears  animat- 
ed by  his  presence.  The  magnificent  scene 
of  creation,  which  a  little  before  was  involved 
in  obscurity,  opens  gradually  lo  view— and 
(1006) 


every  object  around  has  a  tendency  to  excite 
sentiments  of  delight  and  adoration,  if  man 
were  disposed  to  contemplate  the  works  of  his 
Creator  with  intelligence  and  pious  emotion. 
The  heavens  are  adorned  with  azure,  the 
clouds  are  tinged  with  the  most  lovely  hues, 
the  flowers  expand  their  buds,  and  put  forth 
their  colours;  the  birds  awake  to  melody,  and 
the  insect  tribes  are  on  their  wing,  all  rejoic 
ing  in  the  light  of  the  luminary  of  day.  The 
curtain  of  darkness  is  likewise  removed  from 
the  abodes  of  men,  which  were  previously 
obscured,  and  we  behold  the  cities,  towns  and 
villages,  the  lofty  domes,  the  glittering  spires,, 
and  the  palaces  and  temples  with  which  the 
landscape  is  adorned.  After  a  night  of  dark- 
ness   and    tempest,    such    a    scene   appears 
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almost  like  a  new  creation.  The  sun,  after 
moving  in  all  his  brightness  through  the  cano- 
py of  heaven,  is  again  hidden  from  our  view 
in  the  western  region  of  the  sky,  and  we.  are 
then  presented  with  a  scene  still  more  won- 
derful and  sublime  ;  the  moon  rises  in  un- 
clouded majesty — the  planets  are  beheld  mov- 
ing in  their  different  courses,  and  an  innumer- 
able host  of  stars,  spread  over  the  whole  con- 
cave of  the  firmament,  diffuse  their  radiance 
from  afar.  Such  a  spectacle,  during  the  silence 
of  the  night,  fills  the  contemplative  mind  with 
solema  thoughts,  and  wilh  sentiments  of 
wonder  and  delight,  and  has  a  tendency  to 
raise  the  soul  to  a  consideration  of  the  Great 
First  Cause,  "  by  whom  the  heavens  were 
made." 

In  the  course  of  the  annual  revolution  of 
the  earth  round  the  sun,  the  inhabitants  of 
every  country,  and  of  every  clime,  experience, 
though  at  different  times,  all  the  variety  of 
the  seasons,  and  the  different  lengths  of  days 
and  nights  with  which  they  are  accompanied. 
Spring,  summer,  autumn,  and  winter,  follow 
each  other  in  constant  succession,  diversifying 
the  scenery  of  nature,  and  distinguishing  the 
different  periods  of  the  year.  In  the  present 
constitution  of  the  earth,  and  in  the  present 
state  of  man,  this  vicissitude  of  seasons  is  at- 
tended with  manifold  advantages  both  to  the 
human  race  and  to  the  other  tribes  of  animated 
nature,  and  is  necessary  towards  bringing  to 
maturity  the  various  productions  of  the  earth. 
During  one-half  of  the  year,  from  March  21, 
to  September  23,  the  regions  of  our  globe 
within  the  north  polar  circle  enjoy  their  sum- 
mer, and  part  of  their  spring  and  autumn. 
At  the  north  pole,  the  sun  shines  six  months 
without  intermission ;  and  from  66^  degrees 
of  north  latitude,  the  inhabitants  of  these 
climes  enjoy  a  length  of  day  varying  from  24 
hours  to  six  months  ; — the  nearer  the  pole, 
the  longer  is  the  day.  In  Greenland  and 
Davis'  Straits,  our  whale  fisheries  enjoy,  dur- 
ing the  greater  part  of  the  time  they  are  em- 
ployed in  those  regions,  an  almost  uninterrupt- 
ed day  of  three  or  four  months  in  length. 
During  the  same  time,  the  inhabitants  of  the 
antarctic  circle  around  the  southern  pole,  are 
altogether  deprived  of  the  sun,  and  shrouded 
in  darkness,  till  the  23d  of  September  ;  when 
he  again  appears  on  the  verge  of  their  horizon. 
These  countries,  within  the  polar  circles,  may 
be  considered  as  having  only  two  seasons — 
summer  and  winter.  They  have  a  summer  of 
about  four  months,  during  which  the  days  are 
very  long  and  the  heat  considerable.  The 
rest  of  the  year  may  be  considered  as  winter: 
for  so  rapid  is  the  transition  from  heat  to  ex- 
treme cold,  and  then  from  cold  to  heat,  that 
spring  and  autumn  are  scarcely  perceptible. 
It  is  only  in  temperate  climates  that  four  dis- 


tinct seasons  are  particularly  distinguished  and 
enjoyed.  In  such  climates,  in  spring,  plants 
have  time  to  shoot,  and  grow  insensibly,  with- 
out being  destroyed  by  Jale  frosts,  or  too  much 
hastened  by  early  heats.  In  summer,  the  heat 
gradually  diminishes;  so  that  the  fruits  of 
autumn  have  time  to  ripen  by  degrees,  with- 
out being  hurt  by  the  winter  colds.  Through" 
out  most  of  the  European  countries,  particu- 
larly in  Italy,  and  the  south  of  France,  these 
four  seasons  are  distinctly  perceptible.  In  the 
warmest  countries  too,  as  well  as  in  the  coldestj 
there  may  be  said  to  be  only  two  seasons,  that 
materially  differ  from  each  other  ;  as  in  the 
tropical  climates,  about  the  central  parts  of 
Africa,  and  to  southern  regions  of  Asia.  lu 
such  countries,  there  is  a  dry  and  scorching 
season,  during  seven  or  eight  months,  till  the 
rainy  season  commences,  which  continues 
generally  four  or  five  months ;  and  this  is  the 
chief  distinction  between  their  summer  and 
winter. 

Every  season  of  the  year  is  characterized 
by  its  peculiar  phenomena  and  effects.  Spring 
is  characterized  as  the  season  of  the  renova- 
tion of  nature  after  the  gloom  and  torpor  of 
winter.  At  this  period,  animals  and  vegeta- 
bles feel  the  influence  of  returning  warmth, 
and  prepare  for  the  continuance  and  increase 
of  their  several  species.  The  plants  and 
flowers,  which  were  hid  in  winter,  as  soon  as 
genial  showers  refresh  the  soil,  emerge  from 
the  ground,  and  begin  to  display  their  beau- 
ties. As  the  sun  rises  higher  and  higher 
above  the  horizon  at  noon,  and  the  heat  in- 
creases, the  larger  vegetables,  shrubs  and  trees, 
unfold  their  leaves,  and  the  winged  tribes  be- 
gin to  build  their  nests,  and  to  '•  sing  among 
the  branches."  The  landscape  begins  to  be 
adorned  with  a  lively  green,  interspersed  with 
flowers  of  various  hues,  and  all  nature  appears 
in  ceaseless  activity.  In  this  season,  about 
the  2 1  St  of  March,  the  sun  crosses  the  equi- 
noctial;  when  the  days  and  nights  are  equal 
over  all  the  globe,  and  the  north  polar  regions, 
which  were  previously  involved  in  darkness, 
now  begin  to  feel  the  light  and  the  genial  in- 
fluence of  the  sun.  The  approach  of  spring 
and  its  progressive  advances,  iill  the  hearts  of 
all,  the  mendicant  as  well  as  the  monarchy 
with  hope,  and  unmixed  joy  and  satisfaction  ; 
for  this  affords  us  a  thousand  new  delights. 
It  charms  us  with  the  beauty  and  perfume  of 
flowers  ;  the  songs  of  the  winged  tribes  ;  the 
length  of  the  day  rapidly  advancing;  and  the 
preludes  of  approaching  summer,  and  the 
pleasures  of  rural  excursions. 

Summer  has  generally  been  considered,  on 
the  whole,  as  the  most  delightful  season  of  the 
year.  Every  object  is  then  clothed  in  reno- 
vated  beauty  and  gladness — ^the  winter  snows 
are  completely  melted  from  the  hills ;  the 
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trees  are  bursting  with  Ipaves ;  the  flowers  gradation  of  colour  or  shade,  have  long  en* 
are  painting  tht-mseiv^s  with  every  variety  of  gaged  the  imitation  of  the  painter,  aiui  in 
colour,  and  every  thicket,  and  every  h'U  ring  some  measure  enliven  thegiuoui  of  the  falling 
with  the  modulations  of  various  notes — every  year.  During  this  sea.<on,  (on  the  23d  of 
thing  in  the  animal  and  vegetable  world  now  September.)  the  sun  crosses  the  equinoctialj  ia 
appears  in  a  progressive  slate  towards  matu-  his  course  towards  the  south.  He  then  seta 
rity,  and  the  insect  race  seem  animateti  with  to  the  north  pole,  and  begins  to  (HlFuse  his 
pecuhar  vigour  and  activity  under  the  more  rays  on  the  south  pohir  regions,  where  spring 
direct  influence  of  the  sun.  At  this  time,  now  commences ;  and  duriiig  all  the  period 
(about  the  2 1st  of  June,)  the  sun  rises  highest  v^hich  intervenes  from  this  time,  till  tlie  21st 
in  his  meridian  course, the  heat  increases,  the  of  the  following  March,  the  sun  shines  with- 
day  is  at  the  longest,  the  night  consists  only  out  intermission  around  the  soutliern  pole, 
of  a  few  hours  of  twilight,  and'the  rising  sun  Winter  succeeds  autumn,  and  completes 
is  accompanied  with  peculiar  sublimity  and  the  circle  of  the  seasons,  in  our  northern  lati- 
splendour.  The  fleecy  clouds  are  painted  tude.  The  thickening  fogs,  the  heavy  rains^ 
with  purple  and  vermilion,  the  mountani-tops  the  hail  showers,  and  the  descending  snows, 
are  fringed  with  radiance,  and  every  object  on  now  begin  to  deface  the  beauties  of  the  rural 
the  face  of  nature  displays  its  peculiar  form  landscape.  The  mehxiy  of  birds  is  seldom 
and  beauties.  This  season,  too,  is  somelimes  heard  in  the  groves;  the  flowers  lie  dead,  and 
distinguished  by  exces?;.ive  heats,  which  pro-  their  beauties  defaceii  ;  the  trees  are  lashed 
duce  languor  and  inactivity,  and  sometimes  by  storms,  stripped  of  their  verdure,  and 
the  sky  is  covered  with  dark  and  lowering  spread  their  naked  arms  to  the  ruthless  winds, 
clouds,  when,  on  a  sudden,  the  forked  light-  1'he  vapours  sometimes  thicken  into  an  im- 
nings  flash,  an<l  the  thunders  roll  in  awful  penetrable  gloom,  and  obscure  the  face  of  the 
majesty  along  the  sky,  appalling  the  timorous  sky.  The  rains  descend  in  torrents;  the 
mind  and  producing  terror  among  the  tribes  brooks  swell,  the  rivers  burst  iheir  banks,  and 
of  animated  nature.  bury  the   meadows   under   a   soaking  deluge. 

Autumn  is  the  season  when  the  fruits  of  The  atmosphere  is  now  and  then  hurled  into 
the  earth  are  brought  to  maturity,  to  supply  tumultuous  confusion,  and  every  thing  trem- 
the  wants  of  man  and  beast,  'i'he  silent  and  hies  before  the  furious  blast.  The  trees  of  the 
gradual  progress  of  maturity  is  now  com-  forest  are  dashed  headlong  to  the  ground,  and 
pleted,  and  the  promise  of  spring  fulfilled,  the  shepherd's  cot  carried  alolt  m  the  air,  or 
The  fields  are  covered  with  a  gohien  harvest,  shattered  in  pieces.  The  ocean  swells  with 
the  reapers  in  joyful  grou})s  are  cutting  down  violeiit  commotions,  and  tosses  its  waves  to- 
their  sheaves,  aiid  the  productions  of  the  earth  wards  the  clouds.  Ships  are  dragged  from 
are  gathered  into  the  garner,  to  be  stored  up  their  anchors,  and  are  wliirled  about  as  stub- 
as  provisions  for  the  coming  year.  In  every  b!e  along  the  vast  abyss,  and  some  of  them 
garden  and  orchard,  delicious  fruits  of  various  plunged  into  the  open  gulf,  with  all  their 
hues  are  seen  hanging  on  the  branches,  to  mariners,  to  rise  no  more.  8uch  are  some  of 
gratify  the  eye,  the  palate,  and  the  imagina-  the  aspects  and  desolations  of  stern  winter,, 
tion,  and  presenting  a  specimen  of  the  super-  But  it  is  also  accompanied  with  numerous 
abundance  of  Divine  goodness  in  providing  benefits  to  mankind.  'I'he  frost  and  cold 
such  a  variety  of  comforts  for  the  hunjan  which  winter  produces,  prevent  many  hurtful 
family.  "Oh  that  men  would  praise  the  vapours  in  the  higher  regi«)ns  of  ihe  atmo- 
Lord  for  his  goodness,  and  for  his  wonderful  sphere  from  falling  upon  us,  and  purify  the 
works  to  the  children  of  men," — For  He  air  from  noxious  exhalations.  Far  from  l3cing 
crowneth  the  year  with  his<  goodness,  his  prejudicial  to  health,  they  often  improve  it, 
"paths  drop  fatness  : — the  little  hills  rejoice  and  prevent  the  humours  from  that  putrefac- 
on  every  side.  The  pastures  are  clothed  tion  which  heat  might  produce.  Cold  has  a 
with  flocks;  the  valleys  also  are  covered  over  tendency  to  brace  the  animal  system,  and  to 
with  corn  ;  they  shout  for  joy,  they  also  promote  the  circulation  ot  the  blood.  When 
eing."  Towards  the  close  of  this  season,  the  the  fields  and  gardens  are  covered  with  snow, 
objects  of  the  vegetable  creation  begin  to  lose  this  is  necessary  to  preserve  them  frotn  the 
their  bloom  and  their  beauty.  The  groves  cold,  and  to  prevent  the  grain  from  corrupt- 
iose  their  lealy  honours  ;  the  gaudy  flowers  ing.  The  earth  requires  repose,  after  having 
disappear;  and  nature  puts  on  a  more  bleak  yielded  in  summer  all  that  we  require  for  our 
and  sombre  aspect.  But  before  the  forests  subsistence  during  -the  winter.  While  the 
and  the  groves  are  stripped  of  their  beauty,  cold  continues,  the  means  are  at  hand  for  pro- 
they  assuhie  a  temporary  splendour  superior  curing  artificial  heat,  by  the  al.undance  of 
to  even  the  verdure  of  spring,  or  the  lu.iu.'i-  coals  and  wood  which  the  Creator  has  pro- 
ance  of  summer.  The  even  hanging  hues  of  vided.  During  this  season,  too,  we  enjoy  th< 
ihe  leaves  of  the  trees,  melting  into  every  soft  most  briUiant  and  interesting  views  of  tin 
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gtarry  heavens,  of  the  planets  in  theii  courses, 
and  of  the  moon  "walking  in  brightness." 
So  that  in  every  season,  we  have  abundant 
evidence  of  the  goodness  of  our  bountiful  Cre- 
ator, and  of  the  tender  care  he  exercises  over 
every  portion  of  the  human  family.  During 
the  middle  of  winter  the  days  are  shortest  and 
the  nights  the  longest.  This  happens  more 
particularly  about  the  21st  of  December,  when 
the  sun,  in  our  latitude,  rises  near  the  south- 
east, describes  a  short  curve  a  little  above  the 
southern  horizon,  and  sets  near  the  south- 
west, after  having  remained  only  seven  or 
eight  hours  above  the  horizon. 

It  is  here  worthy  of  remark,  that  all  the 
diversified  phenomena  of  the  seasons,  and  the 
different  lengths  of  days  and  nights  through- 
out the  year,  are  produced  by  the  operation 
of  a  few  apparently  simple  principles.  In  all 
the  operations  of  the  Almighty,  we  find  that 
the  most  diversified  and  astonishing  effects  are 
produced  by  causes  that  are  either  unheeded, 
or  by  agents  which,  to  our  limited  view,  ap- 
pear altogether  inadequate  to  produce  the 
results.  From  the  simple  principle  of  gravi- 
tation, for  example,  proceed  all  the  beauties 
and  sublimities  which  arise  from  the  meander- 
ing rills,  the  majestic  rivers  and  the  roaring 
cataracts;  it  causes  the  mountains  to  rest  on 
a  solid  basis,  and  confines  the  ocean  to  its 
appointed  channels;  it  produces  the  descent 
of  the  rains,  and  dews,  and  the  alternate  flux 
and  reflux  of  the  tides  ;  it  rolls  the  moon 
round  the  earth,  and  prevents  her  from  flying 
off  to  the  distant  regions  of  space  ;  it  extends 
its  influence  from,  the  earth  to  the  moon,  and 
from  the  sun  to  the  remotest  planets — preserv- 
ing surrounding  worlds  in  their  proper  courses, 
and  connecting  the  solar  system  with  other 
worlds  and  systems  in  the  remote  spaces  of 
the  universe.  From  the  minutest  atom  to 
the  vast  luminaries  of  heaven,  every  thing  is 
subject  to  its  all-powerful  influence;  and  from 
this  active  invisible  agent  proceed  all  the 
order,  beauty,  and  variety,  which  distinguish 
the  works  of  creation.  Thus,  also,  the  prin- 
ciple called  electricity — which  manifests  itself 
in  sparks  of  fire,  when  a  glass  tube  is  rubbed 
in  the  dark — is  found  to  be  the  cause  which 
produces  the  lightnings  of  heaven,  and  all  the 
sublime  phenomena  which  accompany  a  vio- 
lent thunderstorm  ;  and  in  com.bination  with 
other  agents,  produces  likewise  the  fiery  me- 
teor which  sweeps  through  the  sky  with  its 
luminous  train,  and  the  beautiful  coruscations 
of  the  aurora  borealis. 

In  like  manner  the  vicissitude  of  day  and 
night  and  the  revolution  of  the  seasons  and 
their  diversified  phenomena,  depend  on  the 
most  simple  principles  and  arrangements. 
The  alternate  succession  of  day  and  night  is 
occasioned  merely  by  the  uniform  rotation  of 


the  earth  upon  its  axis.  As  our  globe  turns 
round  on  this  imaginary  line  every  24  hours, 
and  as  only  one-half  of  a  globe  can  be  illumin- 
ated at  a  time,  it  is  evident  that  any  particular 
place  will  sometimes  be  turned  towards  the 
sun,  and  sometimes  opposite  to  it;  and  being 
thus  constantly  subjected  to  these  various 
positions,  a  regular  return  of  light  and  dark- 
ness will  be  experienced  during  the  above 
period  in  every  region  not'within  the  limits  of 
the  polar  circles.  When,  by  the  diurnal 
revolution,  any  place  is  carried  into  the  dark 
hemisphere,  it  is  night ;  and  when  turned 
round  into  the  enlightened  hemisphere,  it  is 
day.  The  sun  and  all  the  other  heavenly 
bodies  appear  to  move  along  the  heavens 
every  day  from  east  to  west ;  but  this  motion 
is  only  apparent,  and  is  caused  by  the  real 
motion  of  the  earth  on  its  axis  from  west  to 
east;  but  the  apparent  motion  of  these  bodies 
is  somewhat  different  at  different  seasons  of 
the  year,  and  in  different  regions  of  the  globe. 
(See  ante,  p.  12.)  All  the  planets  on  whose 
surfaces  spots  have  been  discovered,  are  like- 
wise found  to  perform  rotations  round  their 
axes,  which  will  produce  a  similar  revolution 
of  day  and  night,  as  in  our  world,  though  in 
different  periods  of  time,  some  of  the  planets 
finishing  the  periods  of  their  rotation  in  about 
ten  hours,  some  in  ten  and  a  half,  and  others 
in  twenty-three  hours. 

As  to  the  vicissitudes  of  the  seasons — this 
is  owing  to  the  inclination  of  the  earth's  axis 
to  the  plane  of  its  orbit.  If  the  axis  of  the 
earth  stood  perpendicular  to  the  plane  of  its 
orbit,  there  would  be  no  variety  in  the  length 
of  days  and  nights;  but  they  would  of  course 
be  equal  all  over  the  globe,  except  at  the  poles, 
where  the  sun  would  neither  rise  nor  set,  but 
remain  continually  in  the  horizon,  as  he  is 
seen  at  present  in  that  position  on  the  21st  of 
March  and  the  23d  of  September,  at  the 
north  and  south  pole.  This  inclination  is 
23^  degrees  from  the  perpendicular,  which 
makes  an  angle  with  the  earth's  orbit,  or  the 
ecliptic,  of  66^^  degrees.  The  axis  of  the 
earth  always  keeps  parallel  to  itself,  in  its  mo- 
tion round  the  sun,  and  points  exactly  to  the 
same  part  of  the  heavens.  This  may  appear 
somewhat  strange,  since  the  orbit  of  the 
earth  is  190  millions  of  miles  in  diameter; 
but  this  extent,  however  great,  is  only  as  a 
point  when  compared  with  the  immense 
distance  of  the  fixed  stars — the  nearest  of 
which  is  at  least  more  than  two  hundred  thou- 
sand times  farther  from  us  than  we  are  from 
the  sun.  If  we  look  along  two  parallel  rods, 
four  or  five  yards  distant  from  each  other, 
they  will  both  seem  to  point  directly  to  the 
moon  when  in  the  horizon,  though  at  such  a 
distance  from  each  other,  although  they  would 
not  both  point  to  the  same  object  placed  at  a 
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short  distance.  And  perhaps  four  or  live 
yards  bear  as  great  a  proportion  to  the  distance 
of  the  moon  as  190  millions  of  miles  bear  to 
the  distance  of  the  stars. 

The  subject  of  the  seasons  may  be  illustrated 
by  the  following  diagram,  fig.  60,  which 
represents  the  earth  in  four  different  positions 
in  its  orbit,  the  central  figure  representing  the 
sun.  It  is  known  from  observation  that  the 
axis  of  the  earth  is  always  directed  to  very 
Bjearly  the  same  fixed   point  in  the  heavens, 

Fig. 


and  therefore  it  will  constantly  preserve  ths 
same  position,  in  whatever  part  of  its  orbit  the 
earth  may  happen  to  be  in  its  circuit  round 
the  sun,  as  may  be  seen  in  the  figures  hero 
represented.  Let  us  now  suppose  the  earth 
to  be  in  the  situation  represented  at  March, 
or  at  X,  at  the  higher  part  of  the  diagram.  A 
right  line  joining  the  centres  of  the  earth  and 
sun  will  cut  the  surface  of  the  earth  in  the 
equator,  and  the  boundary  between  light  and 
darkness  will  pass  through  the  two  poles,  and 
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the  days  and  nights  will  consequently  be  But  as  the  earth  moves  forward  in  its  orbit 
equal  throughout  the  whole  earth,  except  at  towards  September,  represented  in  the  lower 
the  poles,  which  are  in  the  boundary  of  light  and  part  of  the  cut,  the  north  pole  will  gradually 
darkness.  But  when  the  earth  in  its  annual  approach  the  boundary  between  light  and 
course,  is  carried  along  the  fourth  part  of  its  darkness,  which  boundary  will  again  pass 
orbit  to  its  position,  as  represented  in  June,  through  both  poles  on  the  23d  of  September ; 
towards  the  left  hand  of  the  figure,  the  north  the  days  will  gradually  shorten  till  it  arrive 
pole  of  the  axis  still  continuing  to  point  in  at  this  point,  and  day  and  night  over  the 
the  same  direction,  will  advance  into  the  en-  globe  will  be  then  equal  as  before.  This  is 
lightened  hemisphere,  and  will  be  23  degrees  called  the  autumnal  equinox,  and  this  season 
aad  a  half  from  the  boundary  between  light  is  a  kind  of  medium  between  summer  and 
and  darkness,  and  the  south  pole  at  the  same  winter.  As  the  earth  proceeds  through  the 
distance  within  the  dark  hemisphere.  It  is  other  quarter  of  its  orbit,  the  days  will  still 
evident  that,  in  this  position,  the  earth  may  shorten  till  December  21st;  when  the  north 
turn  round  its  axis  a  considerable  number  of  pole  of  the  earth  will  be  just  as  far  in  the 
times,  and  yet  no  places  around  the  poles  be  dark  hemisphere,  as  it  was  in  the  enlightened 
within  the  boundary  of  darkness.  And  if  the  one  on  the  21st  of  June.  This  position  of 
earth  were  to  continue  in  this  part  of  its  the  earth,  represented  at  the  right  hand  side 
orbit,  the  sun  would  never  set  to  the  inhabit-  of  the  cut,  is  called  the  winter  solstice.  From 
ants  near  the  north  pole,  nor  rise  to  those  this  period  to  the  vernal  equinox  in  March, 
near  the  south.  At  the  equator  it  would  be  the  days  gradually  lengthen  as  the  north  pole 
always  equal  day  and  night  j  and  in  all  again  approaches  the  boundary  between  light 
places  north  of  the  equator  their  days  would  and  darkness ;  and  when  the  earth  arrives  ai 
be  longer  and  their  nights  shorter  in  propor-  that  point,  the  circle  of  the  year  and  of  the 
lion  to  their  nearness  to  the  arctic  or  north  seasons  is  completed.  From  the  description 
polar  circle,  while  those  on  the  south  side  of  now  given  it  will  evidently  appear  that  the 
the  equator  would  have  their  nights  longer  inhabitants  of  the  southern  regions  of  our 
•than  their  days.  globe  have  the  same  variety  of  seasons  whick 
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we  enjoy,  but  in  a  reverse  order.  When  it  is  1st  of  July,  he  is  only  31  minutes,  31  seconda, 
summer  in  southern  climes,  it  is  winter  with  — heing  a  difference  of  1  minute  of  a  degree 
us  :  and  when  it  is  spring  with  us,  it  is  au-    and  4  seconds. 

tumn  in  the  southern  regions.  Here    a   question   will    naturally  occur,-" 

The  different  signs  of  the  zodiac  through  Why  have  we  the  coldest  weather  when  the 
which  the  earth,  or  the  sun,  passes  in  the  sun  is  nearest  us,  and  the  hottest  when  he  is 
course  of  the  annual  revolution  are  depicted  farthest  distant!  This  is  owing  to  various 
in  their  several  characters,  in  the  outer  circle  causes;  the.  principal  of  which  is,  that  the 
of  the  diagram.  They  are  as  follows  : — be-  sun's  rays  in  winter  fall  so  obliquely  upon  us, 
ginning  at  the  bottom,  at  September,  and  pro-  and  have  so  large  a  portion  of  the  atmosphere 
ceeding  towards  the  right  hand,  Aries,  Tau-  to  pass  through,  that  they  come  with  less 
rus,  Gemini,  Cancer,  Leo,  Virgo,  Libra,  force,  and  spread  over  a  larger  space  than 
Scorpio,  Sagittarius,  Capricornus,  Aquarius,  they  do  in  the  summer,  when  the  sun  is  at  a 
Pisces.  These  are  the  names  of  the  twelve  greater  height  above  the  horizon.  'Besides, 
constellations  through  which  the  sun  appa-  in  the  long  nights  of  winter,  we  have  a  greater 
rently  passes  in  the  course  of  a  year.  In  degree  of  cold  than  can  be  compensated  by 
March,  the  real  place  of  the  earth  is  Libra,  the  return  of  heat  in  the  short  days,  by  reason 
and  consequently  the  sun  will  appear  in  the  of  which  the  cold  will  be  increased'  till  the 
opposite  sign  in  Aries,  and  be  vertical  to  the  days  sensibly  lengthen.  On  the  other  hand, 
equator.  In  June,  the  earth  is  in  Capricorn  the  greater  length  of  the  day  contributes  to 
and  the  sun  in  Cancer,  when  he  is  vertical  to  augment  the  heat  in  summer;  for  the  earth 
those  who  live  under  the  tropic  of  Cancer,  and  air  are  heated  by  the  sun  in  the  day-time 
In  September,  the  earth  is  in  Aries  and  the  more  than  they  can  be  cooled  in  the  night, 
sun  in  Libra,  when  he  is  again  vertical  to  the  and  on  this  account  the  heat  will  go  on  in- 
equator.  In  December,  the  earth  is  in  Can-  creasing  in  summer  till  the  days  sensibly  de- 
cer  and  the  sun  in  Capricorn,  when  he  is  cline.  In  summer,  too,  the  sun  rises  to  a 
vertical  to  those  living  under  the  tropic  of  high  altitude,  and  his  rays  pass  through  a 
Capricorn  ;  as  the  inhabitants  of  South  Africa  much  less  portion  of  the  atmosphere,  and  are 
and  the  central  parts  of  New  Holland.  The  less  refracted  and  weakened  by  it  than  when 
explanation  now  given  of  the  seasons  would,  they  fall  more  obliquely  on  the  earth,  and 
perhaps,  appear  more  perspicuous  to  the  as-  pass  through  the  dense  vapours  near  the  hori- 
tronomical  tyro,  were  they  to  be  illustrated  by  zon.  Hence  it  is,  that  it  is  colder  near  the 
an  orrery,  a  tellurian,  or  any  other  instrument  time  of  sunset,  and  a  little  after  sunrise,  than 
calculated  to  elucidate  the  subject.  when  the  sun   is  near  his  meridian  altitude. 

In  the  northern  part  of  the  globe,  where  It  is  owing  to  these  and  similar  circumstances 
we  reside,  our  summer  is  nearly  eight ''days  that  the  hottest  and  coldest  seasons  of  the 
longer  than  our  winter.  By  summer,  we  un-  year  are  not  about  the  time  of  the  longest  and 
derstand  the  time  which  elapses  between  the  shortest  days,  but  generally  about  a  month 
21st  of  March  and  the  23d  of  September;  and  after  these  periods.  For  a  body  once  heated 
by  winter,  the  time  between  the  23d  of  Sep-  does  not  grow  cold  instantaneously,  but  gra- 
tember  and  the  21st  of  March  ;  or  the  period  dually  ;  and  so  long  as  more  heat  comes  from 
between  the  autumnal  and  vernal  equinoxes,  the  sun  in  the  day  than  is  lost  in  the  night, 
In  the  former  case,  the  earth  passes  through  the  heat  will  gradually  increase  till  it  comes 
184  degrees  of  its  orbit,  which  occupies  186  to  a  certain  maximum,  when  the  increas- 
days,  1 1  hours  ;  in  the  latter  case  it  passes  ing  length  of  the  night  will  cause  it  to  di- 
through  only  176  degrees,  which  is  performed    minish. 

in  178  days,  18  hours.  The  reason  of  this  The  subject  of  the  seasons  has  been  a 
difference  is,  that  the  earth  moves  in  an  ellip-  favourite  theme  to  poets  as  well  as  to  philo- 
tical  orbit,  one  portion  of  which  is  nearer  the  sophers ;  and  they  have  frequently  expatiated 
sun  than  another;  in  consequence  of  which  upon  the  beauties  and  the  beneficent  designs 
the  sun's  apparent  motion  is  slower  when  in  connected  with  the  varying  aspects  of  the 
the  northern  signs  than  while  it  traverses  the  revolving  year.  And  it  njust  be  admitted  that, 
southern  ones.  This  orbit  is  more  than  three  in  the  present  constitution  of  our  globe,  and 
millions  of  miles  longer  in  one  direction  than  in  the  present  moral  state  of  the  human  race, 
it  is  in  another ;  consequently,  the  sun  is  far-  there  are  many  advantages  enjoyed,  and  much 
ther  from  us  at  one  season  than  he  is  at  ano-  of  the  Divine  goodness  is  displayed  in  every 
ther.  On  the  1st  of  January  he  is  three  mil-  one  of  the  seasons  as  they  successively  appear, 
lions  of  miles  nearer  us  than  on  the  1st  of  which  brings  along  with  it  its  peculiar  beau- 
July,  which  is  ascertained  from  the  difference  ties,  pleasures,  and  enjoyments.  But  the 
of  his  apparent  diameter  at  those  seasons,  earth,  with  the  seasons  as*  they  now  "roll," 
On  the  1st  of  January  his  apparent  diameter  can  scarcely  be  considered  as  an  abode  suitisd 
is  32   minutes,  35  seconds,  whereas,  on  the   to  an  innocent  creature  that  has  retained  it& 
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original  pi/rity  and  integrity  ;— the  burning 
heats  in  summer,  which  are  felt  in  the  south- 
ern dimes,  the  whirlwinds,  tornadoes,  inunda- 
tions, thunders  and  lightnings,  with  which 
they  are  frequently  accompanied  ;  and  the 
frosts  and  snows,  storms  and  tempests,  and 
insufferable  cold  which  are  felt  in  winter  in 
different  parts  of  the  temperate  climates,  and 
in  the  polar  regions — seem  to  be  accommo- 
dated only  to  beings  who  are  involved  in  guilt 
and  tainted  with  moral  depravity ;  and,  there- 
fore, we  have  no  reason  to  believe  that  the 
seasons,  as  they  now  exist,  would  have 
presentell  the  same  aspects,  or  operated  in  the 
&ame  manner,  had  man  remained  in  his 
primeval  innocence  and  allegiance  to  his 
Maker.  A  great  change  seems  to  have  taken 
placei  in  this  and  other  respects  at  the  period 
of  the  universal  deluge,  when  the  "fountains 
of  the  great  deep  "  were  broken  up,  the  catar- 
acts of  heaven  opened,  and  the  sohd  strata  of 
the  earth  scattered  and  disrupted :  then,  in  all 
probability,  the  constitution  of  the  atmosphere 
likewise  underwent  an  extensive  change  as  to 
its  composition  and  properties,  which  is  partly 
the  cause  of  some  of  those  storms  and  tempests 
and  other  phenomena  which  arise  in  the 
course  of  the  revolution  of  the  seasons.  But, 
even  in  the  present  state  of  nature,  we  have 
reason  to  be  grateful  to  God,  that  in  all  his  dis- 
pensations towards  his  creatures  "  he  remem- 
bers for  ujs  mercy  in  the  midst  of  deserved  judg;'- 
ment  " — that  while  hurricanes,  tempests,  and 
earthquakes  sometimes  produce  dreadful  devas- 
tations, and  sweep  away  multitudes  of  human 
beings  from  the  Hving  world,  "his  tender  mer- 
cies" may  be  said,  on  the  whole,  to  be  diffused 
"over  all  his  works;"  for  every  season  of  the 
year  brings  along  with  it  its  own  peculiar  en- 
joyments, in  a  thousand  different  ways;  and 
man,  even  in  his  present  condition,  might  be  a 
comparatively  happy  being,  were  his  thoughts 
and  affections,  his  temper  and  actions,  regu- 
lated by  the  principles  and  precepts  of  Chris- 
tianity and  the  moral  laws  of  his  Creator. 
The  evil  passions  and  depraved  affections 
which  prevail  among  mankind,  are  far  more 
destructive  to  human  happiness  than  all  the 
storms  and  tempests,  thunders  and  ligtenings, 
earthquakes  and  volcanoes,  that  rage  through- 
out the  seasons  and  convulse  the  elements  of 
nature. 

The  present  state  of  man  on  earth,  in  the 
midst  of  the  circling  seasons,  appears  to  be 
adapted  only  to  a  being  who  has  but  a  short 
time  to  remain  in  this  terrestrial  sphere ; 
whose  aim  ought  to  be  to  aspire  after  a  nobler 
scene  of  existence — to  enter  in  the  prescribed 
path  to  this  happier  state,  by  believing  in  the 
name  of  the  only  begotten  Son  of  God,  who 
is  "the  Way,  the  Truth,  and  the  Life" — and 
by  cultivating,  with  vigilance  and  caution, 
(1012) 


those  heavenly  tempers  and  Divine  virtuiea 
which  will  prepare  him  for  the  employments 
of  an  immortal  existence.  As  the  engage'^ 
ments  of  life  and  religion  are  such  as  human 
nature  does  not  always  willingly  perform,  and 
is  apt  to  postpone  them  to  what  it  considers  a 
more  convenient  season — the  vicissitudes  of 
the  seasons,  and  other  arrangements  in  nature, 
have  a  tendency  to  stimulate  us  in  the  per- 
formance of  present  duty.  Whatever  we 
behold  in  the  economy  of  nature  around  us, 
reminds  us  of  the  lapse  of  time  and  the  flux 
of  mortal  existence.  The  day  and  night 
regularly  succeed  each  other,  and  remind  us 
that  a  certain  portion  of  duration  has  fled. 
The  sun  appears  in  the  Eastern  horizon  ;  he 
soon  attains  his  meridian  altitude,  then 
declines,  and  in  a  few  hours  sets  in  the  west ; 
— the  stars  in  their  courses  mark  the  lapse  of 
our  fleeting  moments  ; — the  moon  does  the 
same  every  night,  by  changing  its  form;  and 
the  revolution  of  the  seasons  diversifies  the 
year,  and  shows  how  large  a  portion  of  human 
life  glides  silently  away.  If  the  wheel  of  life 
passed  on  in  undistinguishable  ui]iformity, 
we  should  scarcely  be  able  to  mark  its  ap- 
proaches to  the  end  of  the  course.  If  one 
hour  were  uniformly  like  another — if  the 
diurnal  motion  of  the  sun  did  not  show  that 
another  day  is  on  the  wing — if  the  circling 
seasons  did  not  impress  us  with  the  flight  of 
another  year — quantities  of  duration,  equal  to 
days,  months,  and  years,  might  glide  away 
without  being  observed,  and  without  improve- 
ment. But  the  course  of  time,  marked  out 
by  so'  many  movements,  objects  and  circum- 
stances, continually  reminds  us  of  what  pro- 
gress we  have  made  in  gliding  down  the 
stream  of  life  towards  the  ocean  of  eternity  ! 
and  admonishes  each  of  us  by  its  rapidity, 
"  Whatsoever  thy  hand  findeth  to  do,  do  it 
with  thy  might,"  since  the  day  rolls  on,  and 
"  the  night  cometh  when  no  man  can  work." 
In  fine,  the  several  divisions  of  the  seasons 
have  been  considered  as  bearing  a  striking 
analogy  to  the  course  of  human  existence. 
Spring  has  been  represented  as  the  youth  of 
the  year,  the  season  of  pleasing  hope,  bloom- 
ing beauty,  and  lovely  energy.  Summer  has 
been  likened  to  perfect  manhood,  the  season 
of  confirmed  strength,  and  persevering  vigour. 
Autumn  has  been  compared  to  that  period 
when  man  is  mellowed  by  age  and  brings 
forth  the  fruits  of  wisdom  and  experience. 
And  cheerless  Winter  has  been  termed  the 
decrepit  and  hoary  old  age  of  the  year.  If  a 
day  be  considered  as  an  image  of  a  year,  and 
the  year  as  a  representation  of  human  life — 
then  the  morning  answers  to  spring,  and  the 
spring  to  childhood  and  youth  ;  the  noon  cor- 
responds to  summer,  and  the  summer  to  man- 
hood.    The  evening  is  the  emblem  of  autunisi, 
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an  autumn  of  declining  life ;  the  night  is  an 
emblem  of  winter,  in  which  the  powers  of 
vegetation  are  benumbed, — and  winter  points 
out  the  time  when  life  shall  cease,  with  all 
its  hopes  and  joys.  With  such  views,  Thom- 
son, the  poet  of  the  "  Seasons,"  closes  his 
description  of  winter : 


■  Behold,  fond  man  I 


See  here  thy  pictured  life  :   pass  some  few  years, 
Thy  flowering  Spring,  thy  Summer's  ardent 
strength, 


Thy  sober  Autumn  fading  into  age, 

And  pale  concluding  Winter  comes  at  last. 

And   shuts   the   scene.     Ah!   whither  now   are 

fled 
Those    dreams    of    greatness  ■?     those    unsolid 

hopes 
Of  iiappiness  'i  those  longings  after  fame, 
Those  restless  cares,  those  busy  bustling  days  I 
Those  gay  spent  festive  nights  f  those  veering 

thoughts 
Lost  between  good  andill  that  shared  thy  lifel 
Ail  now  are  vanished  1     Religion  sole  survives, 
Immortal,  never-failing  friend  of  man, 
His  guide  to  happiness  on  high  ! 


CHAPTER  Vn. 

Reflections,  Moral  and  Religious,  in  Reference  to  the  Solar  System, 


Without  entering  at  present  on  the  con- 
sideration of  an}/  other  topics  connected  with 
astronomical  science,  we  shall  conclude  the 
present  work  with  a  few  reflections,  suggested 
by  the  subject  we  have  endeavoured  to  illus- 
trate in  the  preceding  pages. 

The  science  of  astronomy  presents  to  our 
view  objects  which  are  calculated  to  raise  our 
admiration,  and  to  excite  the  soul  to  solemn 
reflection,  and  elevated  contemplations.  When 
we  take  but  a  cursory  view  of  the  nocturnal 
heavens,  in  a  clear  and  serene  evening,  we 
are  almost  irresistibly  overpowered  with  emo- 
tions of  wonder  and  awe,  at  the  amazing 
grandeur  of  the  vast  canopy  around  us,  and 
the  number  of  the  brilliant  orbs  which  shed 
their  radiance  upon  us  from  afar.  But  when, 
with  the  eye  of  the  intellect,  assisted  by  the 
telescope  and  the  discoveries  of  science,  we 
endeavour  to  traverse  the  immense  spaces 
above  us,  and  to  survey  the  number,  the  mag- 
nitude, the  distances,  and  the  rapid  motions 
of  the  globes  dispersed  throughout  the  regions 
of  immensity,  we  are  completely  overpowered, 
and  lost  in  astonishment,  at  the  extent  and 
grandeur  of  the  scene — their  numbers  cannot 
be  told ;  their  magnitude  cannot  be  con- 
ceived ;  their  distances  are  beyond  human  cal- 
culation and  comprehension;  and  the  amazing 
velocity  with  which  they  fly  through  the 
regions  of  space  is  confounding  and  almost 
terrifying  to  the  imagination.  Millions  upon 
millions  of  those  magnificent  globes  have  been 
running  their  ample  rounds  for  thousands  of 
years,  and  will,  doubtless,  continue  their 
courses,  though  amidst  numerous  changes, 
throughout  all  the  revolutions  of  eternity. 
The  immense  forces  with  which  they  are  im- 
pelled in  their  career  ;  the  magnificent  circles 
they  describe ;  the  beautiful  order  in  which 
they  are  arranged  ;  the  regularity  and  har- 
mony of  their  movements;  and  the  noble  and 
important  ends  to  which  they  are  destined, 
proclaim,  in  language  not  to  be  mistaken,  that 


"  the  Hand  that  made  them  is  Divine ;"  and, 
therefore,  that  they  ought  to  be  studied,  and 
contemplated  with  pious  emotion,  by  every 
rational  and  religious  mind  : 

"  Come  forth,  O  man  !  yon  azure  round  survey, 
And  view  those  lamps  which  yield  eternal  day. 
Bring  forth   thy  glasses;    clear  thy  wondering 

eyes  ; 
Millions  beyond  the  former  millions  rise; 
Look  further;— millions  more  blaze  from  yonder 

skies." 

Who  can  look  up  to  the  midnight  sky,  and 
behold  its  rolling  wonders,  without  being 
struck  with  astonishment  at  the  idea  of  that 
great  Being,  who  formed  such  vast  and  mag- 
nificent works ;  "  Can'st  thou  by  searching 
find  out  God  1  can'st  thou  find  out  the  Al- 
mighty unto  perfection  1"  There  is  a  length 
and  a  breadth,  a  height  and  a  depth,  in  the 
perfections  of  the  Divinity,  which  finite  intel- 
ligence will  never  be  able  fully  to  comprehend. 
Vast  and  magnificent  as  the  structure  of  the 
starry  heavens  is,  it  was  produced  without 
materials — it  emerged  out  of  nothing.  The 
voice  of  the  Eternal  "  spake,  and  it  was  done." 
"He  commanded,'  and  the  orbs  of  the  firma- 
ment started  into  being.  "  Let  there  be  light : 
and  there  was  light."  *'  By  the  word  of  the  Lord 
were  the  heavens  made  ;  and  all  the  host  of 
them  by  thg  breath  of  his  mouth."  Our  ad- 
miration of'such  wonderful  works  should  lead 
us  to  humble  ourselves  in  his  august  presence, 
and  to  reverence  and  adore  him  as  the  uncre- 
ated source  of  all  felicity.  "  Let  all  the  earth 
fear  the  Lord  ;  let  all  the  inhabitants  of  the 
world  stand  in  awe  of  him." 

But  as  we  have  not  yet  taken  a  survey  of 
the  starry  heavens,  and  the  wonderful  scenes 
which  they  disclose,  we  shall  chiefly  confine 
our  present  reflections  to  the  objects  connected 
with  the  planetary  system,  of  which  we  have 
given  a  brief  sketch  in  the  preceding  pages. 

In  the  first  place,  when  we  contemplate  the 
grand  machinery  of  the  solar  system,  we  are 
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presented  with  a  striking  display  of  the  al-  the  expansive  range  over  which  the  sun  e^- 
mighty  power  of  Him  who  formed  it.  It  pre-  tends  his  influence]  What  is  the  motion  of 
sents  to  our  view  objects  of  overpowering  a  small  engine,  even  at  fifty  miles  an  hourj, 
magnitude  and  grandeur — planetary  globes,  a  compared  with  the  motion  of  a  globe  ten 
thousand  times  larger  than  the  earth  ;  and  thousand  miles  in  circumference,  flying  at  the 
magnificent  rings,  which  would  reach  nearly  rate  of  a  hundred  thousand  miles  an  hour  ?  Ali 
from  the  earth  to  the  moon,  and  which  would  human  art,  power,  and  grandeur  must  bide 
inclose  within  their  vast  circumference  four  their  diminished  heads  in  the  presence  of  Him 
hundred  worlds  as  large  as  that  on  which  we  who  is  the  former  and  governor  of  spacious 
dwell.  It  exhibits  a  sun  more  than  twelve  worlds.  As  the  splendour  of  the  stars  is  ab- 
hundred  thousand  times  larger  than  our  earth-  sorbed  by  the  rays  of  the  sun,  so  all  the  gran- 
ly  ball,  and  five  hundred  times  larger  than  all  deur,  power,  and  splendour  of  this  world  and  its 
the  planets,  their  satellites  and  rings,  taken  inhabitants  vanish  before  the  presence  of  Him 
together,  even  although  hundreds  of  comets  who  is  "  the  King  Eternal,  Immortal,  and 
were  also  included  ;  and  this  sun  extending  Invisible,"  and  before  whom  "  ail  nations  are 
his  influence  to  bodies  a  thousand  millions  of  accounted  as  nothing,  and  less  than  nothing 
miles  distant,  enlightening  them  by  his  beams,  and  vanity.''  And,  if  such  power  is  display- 
and  retaining  them  in  their  orbiis  by  his  at-  ed  in  one  sun,  and  one  system  of  revolving 
tractive  influence.  It  presents  before  us  mo-  worlds,  how  great  beyond  conception  the 
tions,  so  astonishing  as  to  overpower  all  our  effects  of  that  Almighty  energy  which  has 
faculties — bodies  a  thousand  times  larger  than  brought  into  existence  thousands  and  millions 
our  globe,  flying  with  a  velocity  of  thirty  thou-  of  other  suns  and  systems,  and  dispersed  them 
sand  miles  every  hour,  carrying  along  with  in  countless  numbers  throughout  the  iliimita- 
them  a  retinue  of  revolving  worlds,  and  con-  ble  tracts  of  space  !  "  Who  can  utter  the 
linuing  their  rapid  career,  without  a  moment's  mighty  acts  of  the  Lord  1" — "  Great  and  mar- 
intermission,  for  thousands  of  years — nay,  vellous  are  thy  works,  Lord  God  Almighty  !" 
motions  at  the  rate  of  eight  hundred  thousand  This  attribute  of  the  Almighty,  so  conspi- 
miles  an  hour  have  been  perceived  among  cuously  displayed  in  the  heavens,  lays  a  sure 
some  of  the  bodies  connected  with  the  solar  foundation  for  the  faith  and  hope  and  comfort 
system.  of  the  Christian,   amidst  all   the   perplexities 

What  a  striking  display  do  such  objects  pre-  and  afflictions  to  which  he  is  subjected  in  the 
sent  of  the  power  and  grandeur  of  Omnipo-  present  state.  For  it  assures  him  that  what- 
tence,  so  frequently  celebrated  by,  the  inspired  ever  Jehovah  has  promised,  "he  is  able  also 
writers.  "Great  is  our  Lord,  and  of  great  to  perform."  The  promises  addressed  to  us 
power:  his  understanding  is  infinite  ;  his  great-  by  a  wise  and  benevolent  Being  can  excite  in 
ness  is  unsearchable  ;"  wonderful  works  doth  us  hope  and  dependence,  only  in  so  far  as  we 
He,  which  we  cannot  comprehend.  "  Who  are  convinced  of  his  power  to  secure  their 
is  a  strong  Lord  like  unto  thee  1  Who  in  accomplishment.  If  omnipotence  were  not  an 
heaven  can  be  compared  unto  the  Lord  ]  attribute  of  the  Divine  Being,  or  were  we  un- 
Who  among  the  sons  of  the  mighty  can  be  able  to  trace  its  operations  in  existing  facts, 
likened  unto  the  Lord  1"  We  are  sometimes  we  could  have  no  rational  dependence  on  his 
apt  to  be  dazzled  with  the  splendour  of  riches,  promises  and  declarations  in  regard  to  objects 
and  to  admire,  in  the  palaces  of  the  great,  the  which  are  unseen  and  eternal,  and  which  lie 
magnificence  of  the  furniture,  the  beauty  of  beyond  the  limits  of  human  comprehension„ 
the  apartments,  and  the  profusion  of  gold  and  But  when  we  behold,  in  the  arrangements  of 
silver  ornaments  that  appears  on  every  side,  this  lower  world,  and  in  the  solar  system,  a 
We  are  apt  to  reverence  mighty  potentates,  display  of  omnipotent  energy  in  incessant 
when  they  bear  rule  over  multitudes  of  sub-  operation,  far  beyond  the  grasp  of  our  limited 
jects,  and  exercise  their  sway  over  extensive  faculties,  we  plainly  perceive  that  there  is  not 
countries.  We  judge  of  the  greatness  of  men  a  promise  recorded  in  Divine  revelation,  nor  a 
by  their  actions,  when  they  build  spacious  future  fact  declared,  but  is  within  the  power 
cities,  and  erect  splendid  palaces  and  temples ;  of  Jehovah  fully  to  acoomplish  and  realize, 
when  they  construct  steam-engines  and  car-  "  He  doeth  according  to  his  will  in  the  army 
riages,  and  impel  them  forward  with  a  motion  of  heaven,  and  among  the  inhabitants  of  the 
of  fifty  miles  an  hour.  But,  what  are  all  the  earth:  and  none  can  stay  his  hand,  or  say 
powers  and  energies  of  man,  as  displayed  in  unto  him.  What  doest  thoul"  Should  afflic- 
his  noblest  achievements,  compared  with  the  tions  assail  us,  he  is  able  to  comfort  and  sup- 
magnificence  and  energies  displayed  through-  port.  Should  calamities  befall  us,  or  dangers 
out  the  planetary  system  ?  What  are  a  few  surround  us,  he  is  able  to  deliver.  Should 
cities,  palaces,  and  temples,  compared  with  the  death  stare  us  in  the  face,  and  heart  and  flesh 
grandeur  and  extent  of  mighty  worlds?  What  begin  to  faint  and  fail,  he  is  able  to  transport 
is  a  small  corner  of  the  earth,  compared  with  our  spirits  to  a  nobler  scene  of  existence,  and 
(1014) 
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to  re-animate  our  mortal  frames  at  the  resur- 
rection of  the  just.  Happy,  then,  is  the  man 
who  hath  this  eternal  God  for  his  refuge 
"  whose  hope  is  in  the  Lord  his  God  :  which 
made  heaven  and  earth,  the  sea,  and  all  that 
therein  is:  which  keepeth  truth  for  ever. 
For  He  "is  ahle  to  do  exceeding  abundantly 
above  all  that  we  can  ask  or  think,"  accord- 
incr  to  the  working  of  his  mighty  power, 
which  he  wrought  in  Christ,  when  he  raised 
him  from  the  dead,  and  set  him  ^at  his  own 
right  hand  in  the  heavenly  place." 

2    The  arrangements  of  the   solar   system 
display  the   wisdom   and    benevolence    of  its 
Creator.   Were  it  possible  to  conceive  a  being 
possessed  of  such  power  as  the  planetary  sys- 
tem displays,  but  devoid  of  wisdom  and  good- 
ness, such  a  being  would  be  the  most  terrible 
objects  which  the  human  mind  could  contem- 
plate.     Power   acting    at   random,    without 
regard  to  the  happiness  of  intellectual  beings, 
could  only  produce    terror   and   apprehension 
throughout  the  intelligent  universe,  uncertain 
whether  or  not  its  energies  might  be  exerted 
for  the  purpose  of  promoting  misery  and  de- 
struction.    But  the  attribute  of  omnipotence 
when    conjoined    with    infinite    wisdom    and 
boundless   benevolence,  conveys  an   idea  the 
most   glorious   and   transporting;    and    these 
perfections  are  conspicuously  displayed  through- 
out  all   the  works   of  God.     His  wisdom  is 
illustriously  displayed  in  the  arrangements  ol 
the  planetary  system,  in  placing  near  the  cen- 
tre of  this  system  that  immense  luminary,  the 
sun,   from  whence   light   and   heat   might  be 
distributed    in    due     proportions    to    all    the 
worlds  that  roll   around   it— in  nicely  propor- 
tionating  the  motions  and  distances  ot  all  the 
planets,   primary    and   secondary— in  uniting 
them  in  one  harmonious  system  by  one  grand 
and  universal  law,  which  prevents  them  from 
avino-  off  in  wild  confusion   through  the  mh- 
nity'of  space— in  nicely  adjusting  the  projec- 
tile velocity  to  the  sun's  attractive  power,  so 
as  to  produce  harmony  of  motion,  and  to  pre- 
vent  the  planets,  on  the  one  hand,  from  rush- 
ing forward    to   the   sun,    and,  on   the   other, 
from  flving  off  in   a   tangent  through  the  re- 
dons   of  immensity— in    the    constancy  and 
reo-ularity  of  their  motions,  no  one  interienng 
with  another   or  deviating    from  the    course 
prescribed— in  the  exactness  with  which  they 
run  their  destined  rounds,  finishmg  their  cir- 
cuits with  so  much  accuracy  as  not  to  deviate 
from  their  periods  of  revolution  the  space  ot  a 
minute  in  a  hundred  years-in   the  spherical 
figure  given  to  all  these  mighty  orbs    and  the 
dilirnal    motions    impressed    upon    them,    by 
which  a  due   proportion   of  light  and  heat  is 
diffused   over  every   part  of  their  surfaces— 
and  in  the  wonderful  simplicity  of  the  physi- 
cal laws,  on  which  so  much  beauty,  harmony, 


and  order  depend.  In  all  these  and  many 
other  respects,  the  planetary  system  present, 
a  display  of  "  the  manifold  wisdom  ot  God. 

The  benevolence  of  the   Deity  is   likewise 
manifested  throughout   this  system,  in  order- 
ing all  the   movements  and   arrangements  oi 
the  planetary  globes,  so   as   to  act  in  subser- 
viency to  the  comfort   and    happiness  of  sen- 
tient and  intelligent  beings.     For  the  wisdom 
of  God  is  never  employed  in  devising  means 
without  an   end  :   and    the  grand   end  of  all 
his    arrangements,   so   far   as  our  views    ex- 
tend,   is   the   communication    of    happiness; 
and  it    would  be  inconsistent  with  the  wis- 
dom   and  other   perfections   of  God    not    to 
admit  that  the   same  end   is  kept  in  view  m 
every  part  of  his  dominions,  however  far  re- 
moved  from  the  sphere  of  our  observation. 
We  cannot,  indeed,  explore  the  minute  dis- 
plays  of    Divine    goodness    in    the   distant 
regions  of  the  planetary  system,  but  we  par- 
ceive    certain    general    arrangements   which 
clearly  indicate   that  the  happiness  of  intel- 
lectual natures  is  one  of  the   grand  ends  ot 
the  Divine   administration.     For  example- 
light  is  essential  to  the  comfort  and  happiness 
of  all   Uving  beings.     Its   rays  illumine  the 
vast  expanse  of  the   heavens,  and  unveil  all 
the  beauties  and  sublimities  of  creation  around 
us.       Without    its    influence    the    universe 
would  be  transformed  into  a  desert,  and  hap- 
piness,   even    in    the    lowest    degree,    could 
scarcely  be  enjoyed  by  any  sentient  or   per- 
ceptive  existence.     Now  we   find,  m  the  ar- 
rangements of  the  solar  system,  that  ample 
provision  has  been  made  for  diffusing  light  in 
all  its  varieties  over  every  planet  and  satellite 
belonging  to   this  system.      All    the   planets 
revolve  round   their  axes,  in  order  that   every 
part  of  their  surfaces  may  enjoy  a  due  pro- 
portion of  the   solar  rays :  around  the   more 
distant  planets,  an  assemblage  of  moons  has 
been  arranged  to  throw  light  upon  their  sur- 
faces in  the  absence  of  the  sun.     And  while 
the  satellites  perform  this  office,  the  primary 
planets  reflect  a  still  greater  quantity  of  light 
upon  the   surface  of  the  satellites:  and  one 
of  these   planets   is  invested  with  a  splendid 
double  ring,  of  vast  dimensions,  to  reflect  the 
solar  rays  during  night  both  on  the  surface  of 
the   planet  and  on   the  surface  of  its  moons; 
all  which  arrangements  must  necessarily  have 
a  respect  to  the  enjoyment  of  intellectual  na- 
tures :  otherwise  they  would  be  means  with- 
out an  end,  which  would  be  inconsistent  with 
the   wisdom   and   intelligence   of   the  Deity. 
If  then,  the  happiness  of  various  orders  ot  m- 
teUigent  beings  was  intended  to  be  promoted 
by   such   adaptations  and   arrangements,   wc 
have  here  presented  to  our  view  a  most  glo- 
rious display  of  the  expansive  benevolence  oi^ 

that  almighty  being  who   "  ^^  g«^^^  ^«  ^^^^ 
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and  whose  "  tender  mercies  are  diffused  over  Though   he  is  an  object  of  the  paternal  car^ 

al!  his  works."     If  this  earth  on  which  we  and  mercy  of  the  Most  High,  jet  he  is  but  as 

dwell  "  is  full  of  the  goodness  of  the  Lord  ;'■  a    grain   of  sand   to   the    whole   earth,  when 

if   countless   myriads   of   living   beings,  from  compared  to  the   countless  myriads  of 'beings 

man  downwards  to   the  minutest  insect,  are  that  people  the  amplitudes  of  creation.     What 

supported  and  nourished  by  the  Divine  bounty,  is  the  whole  of  this  globe  on  which  we  dwell 

how  wide  and  expansive  must  be  the  emana-  compared  with   the  solar  system,  which  con- 

tions   of  that   beneficence   which    extends  its  tains   a  mass  of  matter  so  many  millions  of 

regards  to  worlds  a  thousand  times  more  ex-  times    greater?      What  is  it    in    comparison 

tensive  and   populous  than  ours!     The  bene-  with  the  hundred  millions  of  suns  and  worlds 

volence  of  the  Deity  maybe  said  to  constitute  which,  by  the   telescope,  have  been   descried 

his  whole  moral  character,  and   to   reflect   a  throughout  the  starry  regions  ?      What,  then 

radiance  on  a.'l  his  other  perfections.     Hence,  is  a  kingdom,  a  province,  or  a   baronia'l  terri- 

iri  the  records  o(  inspiration,  the   Divinity  is  tory,  of  which  we  are  as  proud  as  if  we  were 

summarily  described  by  this  perfection  alone,  the  lords  of  the   universe,  and    for  which  we 

"God  is  love  !"     He   is  the  uncreated  source  engage  in  so  much  devastation   and  carnage] 

of  all  the  happiness  enjoyed  by  every  rank  of  What  are  they,  when  set  in  competition  with 

spiritual    and   perceptive   existence,  from   the  the  glories  of  the  sky  1      Could  we   take  our 

highest  angel  to  the  worm.  ^  "  O  give  thanks  station   on  the  lofty  pinnacles  of  heaven  and 

unto  tfie.  Li)rd  ;  for  he  is  good  :  for  his  mercy  look  on  this  scarcely  distinguishable  speck  of 

endureth  for  ever."  earth,  we    should    be    ready  to  exclaim   with 

3.  The  survey  we  have  taken   of  the  solar  Seneca,  "  [s  it  to  this  little  spot  that  the  great; 

system  has  a  tendency  to  moderate   the  pride  designs  and  vast  desires  of  men  are  confined  1 

of  man  and  to  promote  humility.    Pride  is  one  Is  it  for   this  there  is  so  much  disturbance  of 


of  the  distinguishing  characteristics  of  puny 
man,  and  has  been  one  of  the  chief  causes  of  all 
the    contentions,   wars,  devastations,  systems 


nations,  so  much  carnage,  and  so  many  ruin- 
ous wars?  Oh  folly  of  deceived  men,  to 
imagine  great  kingdoms  in  the  compass  of  an 


of    slavery,     and    ambitious    projects    which  atom,  to  raise   armies  to  decide    a  point  of 

have   desolated    and    demoralized    our    sinful  earth  with  the  sword  !"     Soon  may  the  time 

world.     Yet  there  is  no  disposition   more  in-  arrive  when  the  prophecy  shall  be  fulfilled  ;— 
congruous  to  the  character  and  circumstances 


of  man.  Perhaps  there  are  no  rational  bein^_ 
throughout  the  universe  among  whom  pride 
would  appear  more  unseemly,  or  incompatible 
than  in  man,  considering  the  situation  in 
which  he  is  placed.  He  is  exposed  to  numer- 
ous degradations  and  calamities,  to  the  rage 
of  storms  and  tempests,  the  devastations  of 
earthquakes  and  volcanoes,  the  fury  of  whirl- 
winds, and  the  tempestuous  billows  of  the 
ocean,  to  the  ravages  of  the  sword,  famine, 
pestilence,  and  numerous  diseases ;  and  at 
length  he  must  sink  into  the  grave,  and  his 
body  must  become  the  companion  of  worms  ! 
The  most  dignified  and  haughty  of  the  sons 
of  men  are  liable  to  these  aod  similar  degra- 
dations, as  well  as  the  meanest  of  the  human 
family.  Yet,  in  such  circumstances,  man — 
that  puny  worm  of  the  dust,  whose  knowledge 
is  so  limited,  and  whose  follies  are  so  numer- 
ous and  glaring — has  the  effrontery  to  strut 
in  all  the  haughtiness  of  pride,  and  to  glory 
in  his  shame. 

When   other   arguments  and    motives  pro- 


"The  wolf  shall  dwell  with  the  lamb, 
And  the  leopard  shall  lie  down  with  the  kid  ; 
And  the  calf  and  the  young  lion  and  the  falling 

together; 
And  a  little  child  shall  lead  them. 
And  the  cow  and  the  bear  shall  feed  ; 
Their  young  ones  shall  lie  down  together; 
And  the  lion  shall  eat  straw  like  the  ox. 
And  the  sucking  child  shall  play  on  the  hole  of 

the  asp, 
And  the  weaned  child  shall  put  his  hand  on  the 

cockatrice'  den. 
They  shall    not  hurt  nor   destroy  in  all  my  holy 

mountain  : 
For  the  earth  shall  be  full  of  the  knowledge  of 

the  Lord, 
As  the  waters  covei  the  sea. 
And  in  that  day  there  shall  be  a  root  of  .Jesse, 
Which  shall  stand  for  an  ensign  of  the  people  ; 
To  it  shall  the  Gentiles  seek  : 
And  his  rest  shall  be  glorious." 

IsA.  xi.  6—10. 

It  is  unworthy  the  dignity  of  an  im7Tiorta! 
mind  to  have  its  affections  absorbed  in  the  van- 
ishing splendours  of  earthly  grandeur,  and  to 
feel  proud  of  the  paltry  possessions  and  dis- 
tinctions of  this  sublunary  scene.  To  foster 
duce  little  effect  on  certain  minds,  no  consider-  a  spirit  of  pride  and  vain-glory  in  the  presence 
ations  seem  likely  to  have  a  more  powerful  of  Him  "  who  sitteth  on  the  circle  of  the  hea- 
tendency  to  counteract  this  deplorable  pro-  vens,"  and  in  the  view  of  the  overwhelming 
pensity  in  human  beings,  than  those  which  are  grandeur  and  immensity  of  his  works,  is  a 
borrowed  from  the  objects  connected  with  species  of  presumption  and  arrogance,  of 
astronomy.  They  show  us  what  an  insigni-  which  every  rational  mind  ought  to  feel 
ficant  being™ what  a  mere  atom,  indeed,  man  ashamed  :  and,  therefore,  we  have  reason  to 
appears  amidst  the  immensity  of  creation  !  believe,  that  those  multitudes  of  fools,  "  dressed 
(1016) 
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in  a  little  brief  authority,"  who  walk  in  all  the  and  then  finding  a  pebble  or  a  prettier  shell 
loftiness  of  pride,  have  not  yet  considered  the  than  ordinary ,  while  the  great  ocean  of  truth 
rank  they  hold  in  the  scale  of  universal  being  lay  all  jndiscovered  before  me.'' 
— and  that  a  serious  and  profound  contempla-  4.  The  subjects  of  astronomy  to  which  we 
tion  of  the  immensity  of  creation  would  have  have  directed  the  attention  of  the  reader,  af- 
a  tendency  to  convince  us  of  our  ignorance  ford  a  striking  view  of  the  condescension  of 
and  nothingness,  and  to  humble  us  in  the  dust  the  Divine  Being  towards  man,  especially  in 
in  the  presence  of  the  Former  and  Preserver  regard  to  the  redemption  of  our  fallen  world, 
of  all  worlds.  We  have  reason  to  believe  that  This  sentiment  seems  to  have  been  deeply  im- 
the  most  exalted  beings  in  the  universe — those  pressed  upon  the  mind  of  the  psalmist,  when 
who  are  furnished  with  the  most  capacious  contemplating  the  nocturnal  heavens.  View- 
powers,  and  who  have  arrived  at  the  greatest  ingin  the  resplendent  orbs  every  where  around 
perfection  in  knowledge — are  distinguished  him  in  the  canopy  of  the  sky — the  moon  dis- 
by  a  proportional  share  of  humility  ;  for  in  pro-  playing  her  radiance — the  planets  in  their 
portion  as  they  advance  in  their  surveys  of  the  courses,  and  the  innumerable  host  of  stars — 
universal  kingdom  of  Jehovah,  the  more  will  his  thoughts  seem  to  have  taken  a  flight  into 
they  feel  their  comparative  ignorance,  and  be  the  regions  of  immensity,  and  by  the  guidance 
convinced  oi'  their  limited  faculties,  and  of  of  his  rational  powers,  and  the  assistance  of 
the  infinity  of  objects  and  operations  which  the  Spirit  of  inspiration,  he  takes  an  expan- 
se beyond  their  ken.  At  the  same  time,  sive  view  of  the  multitude,  the  magnitude, 
they  will  feel  that  all  the  faculties  they  pos-  and  the  grandeur  of  those  magnificeni  globes 
sess  were  derived  from  Him  who  is  the  origi-  which  roll  in  the  distant  tracks  of  creation, 
nal  Fountain  of  existence,  and  are  continual-  Overwhelmed  with  his  views  of  the  immensi- 
ly  dependent  for  their  exercise  on  his  sustain-  ty  of  the  universe,  and  of  the  perfections  and 
ing  energy.  Hence  we  find  that  the  angelic  grandeur  of  its  Creator,  he  breaks  out  in 
tribes  are  eminently  distinguished  for  the  ex-  the  language  of  astonishment  and  wonder, 
ercise  of  this  heavenly  virtue.  They  "cover  "  When  I  consider  thy  heavens,  the  work  of 
their  faces  with  their  wings,"  in  the  presence  thy  fingers,  the  moon,  and  the  stars  which 
of  their  Sovereign,  and  fiy  with  cheerfulness  thou  hast  ordained  ;  what  is  man  that  thou 
at  his  command  to  our  degraded  world,  "  to  art  mindful  of  him  ?  and  the  son  of  man  that 
minister  to  them  who  shall  be  heirs  of  salva-  thou  visitest  him  1"  Surveying  with  his  in- 
tion,"  a)id  to  execute  whatever  purposes  he  tellectual  eye  the  boundless  extent  of  God's 
prescribes.  universal  empire,  ho   shrinks  as  it  were   into 

Throughout  the  sacred  records  pride  is  uni-  nothing,  and  seems  almost  afraid  lest  he 
formly  represented  as  abhorrentin  the  sight  of  should  be  forgotten  or  overlooked  amidst  the 
the  Almighty  while  humility  is  marked  with  mensity  of  beings  over  which  the  Divine  gov- 
his  approbation.  "  Every  one  that  is  proud  ernment  extends.  And  when  he  considered 
in  heart  is  an  abomination  to  the  Lord."  "God  himself  as  a  guilty  creature  in  the  presence 
resisteth  the  proud  but  giveth  grace  unto  the  of  the  Most  High,  his  astonishment  at  the 
humble."  "  Thus  saith  the  high  and  lofty  Divine  condescension  and  grace  must  have 
One,  who  inhabiteth  eternity,  whose  name  is   been  increased. 

Holy;  I  dwell  in  the  high  and  holy  place  In  no  dispensation  of  the  Almighty  is  this 
with  him  also  that  is  of  an  humble  and  con-  Divine  condescension  so  strikingly  displayed 
trite  spirit,  to  revive  the  spirit  of  the  humble,  as  in  the  economy  of  our  redemption.  Though 
and  to  revive  the  heart  of  the  contrite  -ones.'  countless  myriads  of  worlds  and  intelligences 
This  is  a  consideration  which  deserves  the  are  under  his  superintendence,  and  are  inces- 
serious  attention  of  young  men  when  they  santly  celebrating  his  praise  in  the  loftiest 
lirst  se-t  out  in  their  pursuit  of  science.  They  strains;  and  consequently,  though  all  the 
are  apt  to  be  puffed  up  with  a  vain  conceit  of  apostate  inhabitants  of  our  world  might  have 
their  acquirements,  when  they  have  acquired  been  for  ever  annihilated  without  being  missed 
only  a  smatteringof  learning,  and  have  scarce-  amidst  the  immensity  of  creation,  yet,  amazing 
iy  entered  the  porch  of  the  templ'e  of  know-  to  relate  !  the  joyful  announcement  was  made 
ledge,  and  to  vaunt  themselves  as  if  they  were  to  our  rebellious  race,  "God  so  loved  the 
raised  to  a  high  elevation  above  the  vulgar  world,  that  he  gave  his  only  begotten  Son, 
throng.  Let  such  remember  that  even  the  that  whosoever  believeth  in  him  should  not 
illustrious  Newton,  after  the  vast  acquirements  perish,  but  have  everlasting  life."  Soon  after 
he  had  attained,  and  the  noble  discoveries  he  the  fall  of  man  this  glorious  intelligence  was 
had  made,  when  he  approached  the  hour  of  announced  ;  and  in  every  succeeding  age  God 
his  dissolution,  declared,  "  I  do  not  know  what  raised  a  succession  of  prophets  to  announce 
I  may  appear  to  the  world,  but  to  myself  I  the  coming  of  the  great  Deliverer,  "  to  fore- 
seem  to  have  been  only  like  a  boy  playing  on  tell  the  sufferings  of  Christ,  and  the  glory 
ihe  sea-shore,  and  diverting  myself  with  now  that  should  follow."  And  when  the  lima 
128  4R  (1017) 


Hosted  by  Google 


104  THE  SOLAR  SYSTEM. 

appointed  in  the  decree  of  Heaven  arrived,  continuance  of  all  its  blessings,  we  hav^ 
the  promised  Messiah  was  at  length  ushered  reason  to  exclaim,  in  the  language  of  admiral 
into  the  world.  A  messenger  from  the  coles-  tion,  with  the  apostle  John,  "  Behold,  what 
tial  world,  surrounded  with  refulgent  splen-  manner  of  love  the  Father  hath  bestoweu 
dour,  was  despatched  to  the  plains  of  Beth-  upon  us  that  we  should  be  called  the  sons  of 
lehem,  to  make  known  his  appearance  in  the,  God!"  *«Unto  him  that  loved  us,  and  washeo 
world:  "Behold,"  says  he,  "I  bring  you  us  from  our  sins  in  his  own  blood,  and  hath 
good  tidings  of  great  joy^  which  shall  be  to  made  us  kings  and  priests  unto  God  and  his 
all  people.  For  unto  you  is  born  this  day  in  Father;  to  him  be  glory  and  dominion  for 
the  city  of  David,  a  Saviour,  which  is  Christ   ever  and  ever!" 

the  Lord."  And  imaiediately  a  multitude  of  6.  The  studies  connected  with  the  science 
angels,  having  winged  their  flight  from  their  of  the  heavens  have  a  tendency  to  prepare 
heavenly  mansions,  joined  in  a  chorus  of  con-  the  soul  that  has  been  previously  enlightened 
gratulation  and  praise,  "  Glory  to  God  in  the  and  regenerated,  for  the  employments  of  the 
highest,  and  on  earth  peace,  good  will  toward  future  world.  In  that  world  the  glory  of  the 
men."  Our  Redeemer  having  passed  ihrough  Divine  perfections,  as  manifested  throughout 
the  scene  of  his  public  ministry,  and  raani-  the  illimitable  tracks  of  creation,  is  one  of  the 
fested  himself  to  be  "  the  Son  of  God  with  objects  which  unceasingly  employ  the  con« 
power,"  by  a  series  of  beneficent  miracles,  templations  of  the  blessed  ;  for  they  arc  repre- 
which  he  performed  in  every  region  of  the  sented  in  their  adorations,  as  celebrating  the 
land  of  Judea — was,  "  led  as  a  lamb  to  the  attributes  of  the  Deity  as  displayed  through- 
slaughter,"  delivered  up  to  the  severest  suHer-  out  the  material  universe  :  "  Great  and  mar- 
ings  for  our  sake,  and  "  became  obedient  unto  vellous  are  thy  works,  Lord  God  Almighty, 
death,  even  the  death  of  the  cross!"  And  Thou  art  worthy,  0  Lord,  to  receive  glory  and 
while  he  hung  on  the  accursed  tree,  the  most  honour  and  power ;  for  thou  hast  created  all 
awful  and  striking  miracles  were  exhibited  to  things,  and  for  thy  pleasure  they  are  and  were 
surrounding  spectators,  in  order  to  display  the  created."  Before  we  can  enter  that  world  and 
dignity  of  Him  who  suffered,  and  the  import-  mingle  with  its  inhabitants,  we  must  acquire 
ance  of  that  "decease  which  was  accomplished  a  relish  for  their  employments  and  some  ac- 
at  Jerusalem."  The  sun  was  clad  in  black,  quaintance  with  ttie  objects  which  formed  the 
the  heavens  were  arrayed  in  sackcloth,  the  subject  of  their  sublime  investigations;  other- 
day  was  turned  into  night,  and,  for  three  wise  we  could  feel  little  enjoyment  in  the  soci- 
hours,  darkness  covered  the  whole  land.  The  ety  of  heavenly  intelligences,  and  the  exercises 
rocks  rent  asunder,  the  foundations  of  the  in  which  they  engage.  1'he  investigations 
earth  did  quake,  the  veil  of  the  temple  was  connected  with  astronomy,  and  the  frequent 
rent  in  twain  from  the  top  to  the  bottom,  the  contemplation  of  its  objects,  may^  tend  to  pre- 
graves  were  opened,  and  many  bodies  of  the  pare  us  for  such  celestial  employments;  as 
saints  who  slept  arose.  they  awaken   attention   to   such   subjects — as 

This  was  the  most  won  Irfisl  event  and  the  they  invigorate  the  faculties  and  enlarge  the 
most  illustrious  display  or  uivine  love  that  capacity  of  the  intellect — as  they  suggest  sub- 
was  ever  announced  to  our  world.  What  lime  inquiries,  and  excite  desires  for  further 
displays  of  Divine  love  and  mercy  may  have  information  which  may  afterwards  be  grati- 
been  made  to  other  worlds,  and  other  orders  fied — as  they  form  the  ground-work  of  the  pro- 
of beings,  we  are  not  in  a  situation  to  deter-  gress  we  may  afterwards  make  in  that  state, 
mine.  We  dare  not  afRrm  that  in  other  hi  our  surveys  of  the  Divine  operations — and 
regions  of  the  Divine  empire,  similar  displays  as  they  habituate  the  mind  to  take  large  and 
have  not  been  made;  for  we  have  never  comprehensive  views  of  the  empire  and  moral 
traversed  the  depths  of  immensity  to  ascertain  government  of  the  Almighty. 
all  the  dispensations  of  the  Almighty  in  Those  who  have  made  progress  in  such 
every  province  of  creation.  But  we  may  studies,  under  the  influence  of  holy  disposi- 
boldly  affirm  that  the  mission  and  the  death  tions,  will  certainly  have  higher  and  more 
of  Christ  were  the  most  wonderful  events,  perfect  conceptions  of  the  attributes  of  Jeho 
and  the  most  astonishing  displays  of  mercy  vah  than  those  who  have  given  little  or  no  at- 
and  love  that  were  ever  made  to  our  sub-  tention  to  them;  and  it  is  not  perhaps  an  un- 
iunary  world.  As  the  apostle  of  the  Gentiles  warrantable  supposition,  that  by  such  employ- 
has  declared,  there  is  a  height  and  a  depth,  a  ments  as  most  familiarize  us  with  the  glorious 
breadth  and  a  length  in  the  love  of  God  works  of  the  Creator,  and  lead  us  to  the  con- 
which  is  in  Christ  Jesus,  that  passeth  know-  templation  of  his  moral  perfections,  we  may 
ledge.  When  we  "consider  the  depths  of  be  the  better  prepared  for  directing  the  views 
misery  from  which  it  raises  us,  the  heights  of  and  investigations  as  such  as  have  enjoyed 
felicity  to  which  it  exalts  us,  the  boundless  fewer  opportunities  of  instruction  in  the  pre- 
mature of  its  operations,  and  the  everlasting  sent  state.  For,  we  are  informed  in  the  sacred 
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records,  that  "  they  who  are  teachers  of  wis-  this  course,  we  must  be  careful  to  bring  forth 

dom  shall  shine  as  the  brightness  of  the  firm-  "  the  fruits  of  righteousness,"  and  to  *'  glorify 

anient,  and  they  that  turn  many  to  righteous-  God  in  our  bodies  and  spirits  which  are  his." 

ness  as  the  stars  for  ever  and  ever:"  plainly  We    must  "add   to  our  faith  virtue;  and   to 

intimating  that  those  who  have  made  eminent  virtue  icnowledge  ;  and  to  knowledge  tempe- 

advances  in  Divine  knowledge,  and  applied  it  ranee  ;  and  to  temperance  patience  ;  and  to 

to  its  proper  use,  shall  be  distinguished  with  patience  godliness:  and  to  godliness  brotherly 

peculiar  honours.  kindness  ;  and  to  brotherly  kindness  charity. 

It  is  here  of  some  importance  to  remark,  For  if  these  things  be  in  us  and  abound,"  we 
that  it  is  not  merely  a  scientific  view  of  the  shall  neither  "  be  barren  nor  unfruitful  in  the 
mechanical  fabric  of  the  universe  that  will  knowledge  of  our  Lord  Jesus  Christ.  For 
prepare  us  for  the  employments  of  the  celes-  so  an  entrance  shall  be  ministered  unto  us 
tial  world,  but  the  moral  principles  and  the  abundantly  into  the  everlasting  kingdom  of 
holy  affections  with  which  we  are  animated  our  Lord  and  Saviour  Jesus  Christ,"  Prose- 
in  all  our  studies  and  contemplations.  A  man  cuting  such  a  cause  with  activity  and  perse- 
under  the  influence  of  evil  principles  and  pas-  verance,  holding  communion  with  the*'  Father 
sions,  whose  mind  is  actuated  by  pride,  malig-  of  our  spirits,"  and  exhibiting  a  pattern  of 
nity,  avarice,  or  revenge,  is  unqualified  for  a  every  Divine  virtue  and  grace,  we  shall  en- 
right  contemplation  of  the  works  of  God,  for  joy  all  that  happiness  which  is  consistent  wiin 
joining  in  the  associations  of  pure  and  holy  our  present  state  of  trial  and  imperfection,  and 
beings,  and  for  engaging  in  the  exalted  ser-  be  gradually  prepared  for  being  "partakers  of 
vices  of  the  heavenly  world.  Unless  the  prin-  the  inheritance  of  the  saints  in  light :"  where 
ciples  of  "  love  to  God"  and  "love  to  man"  there  is  '*  fulness  of  joy,"  and  '< pleasures  for 
be  engraven  on  our  hearts,  and  interwoven  evermore."  In  short,  animated  by  such  Di- 
throughout  the  whole  of  our  mental  frame,  vine  principles  and  affections,  we  shall  be 
and  manifested  in  the  general  tenor  of  our  fitted  for  holding  intercourse  with  all  the  holy 
conduct,  we  can  never  enjoy  true  happiness  beings  that  constitute  the  moral  and  inteili- 
either  in  the  present  state  or  in  any  other  gent  system,  or  the  whole  fajnily  of  God 
region  of  the  universe;  and  such  principles  throughout  the  universe,  in  whatever  regions 
and  dispositions  can  never  be  expected  to  be  of  the  vast  creation  they  may  reside  :  for  the 
implanted  in  the  soul,  ami  brought  forth  into  principles  and  dispositions  to  which  we  have 
action,  unless  we  comply  with  the  requisitions  adverted  must  be  common  to  all  the  pure  in- 
contained  in  the  word  of  God.  The  founda-  teliigences  that  people  creation,  that  have  re- 
tion  of  future  felicity  must  be  laid  in  "  repen-  tained  their  primeval  innocence  and  rectitude, 
tance  toward  God,  and  faith  toward  our  Lord  When  imj)lanted  in  the  heart,  and  interwoven 
Jesus  Christ."  As  sinners  against  the  most  through  the  whole  of  the  mental  constitution, 
high  God  we  stand  in  need  of  pardon,  peace,  they  assimilate  us  to  angels  and  every  other 
and  reconciliation  And  '*  this  is  the  record  of  class  of  holy  intelligences,  and  qualify  us  for 
God,  that  he  hath  given  to  us  eternal  life,  and  associating  with  the  superior  orders  of  intel- 
this  life  is  in  his  Son/'  "  This  is  his  com-  lectual  natures — for  entering  into  their  sub- 
mandment,  that  we  believe  on  the  name  of  lime  and  comprehensive  views — for  bearing  a 
his  Son  Jesus  Christ, — -whom  God  hath  set  part  in  their  extensive  schemes  of  universal 
forth  to  be  a  propitiation,  to  declare  his  right-  beneficence — and  for  contributing  along  with 
eousness  for  the  remission  of  sins."  them  to   the   order  and  prosperity   of  God's 

This  is  the  first   step  in  the   path  which  universal  and  everlasting  kingdom! 
leads  o  life  eternal.     And  having  entered  on 
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NEW  DISCOVERIES  IN  THE  PLANETARY  SYSTEM 

The   Plaket   Neptui^e. — The   discover}^       Mean  distance  (assumed  nearly  in  a)> 

if  thi«i  Tilmpt    fornis  a  rpmarkfihlp  era   in   thp  co^^'^ance  with  Bode's  law)  .         .        .  30.84 

Dl  tnis  pianei   rorms  a  remarKaaie  eja  in  me       ^j^^^  siderial  motion  in  365^  days      .      1°  30/9 
history  ot  astronomy.     Jt  was  ascertained  to       Mean  longitude,  1st  October,  1845   .      523°  34' 
exist  by  calculations  founded  on   the  princi-       Longitude  of  perihelion        .        .        .  315°  55' 

pies  of  physical  astronomy   and  on  the  dis-       Sirsriha^of  the  sun  being  unity   '    .0.0001656 
crepancies  which  were  found  to  exist  between 

the  observed  and  the  calculated  places  of  These  were  the  first  intimations  of  the  new 
Uranus.  It  was  conceived  that  probably  planet  that  were  ever  made  public ;  and  at,  or 
some  disturbing  body  existed  beyond  that  near  the  position  here  assigned  to  it,  it  was 
planet,  which  had  hitherto  eluded  the  obser-  afterwards  seen  by  Professor  Challis  of  the 
vation  of  astronomers,  and  which  produced  Cambridge  Observatory.  Had  Mr.  Airy  at- 
the  irregularities  to  which  we  allude.  The  tended  to  the  above,  as  he  ought  to  have  done, 
following  is  a  brief  sketch  of  the  history  of  Mr.  Adams  would  have  enjoyed  the  undivided 
this  discovery  : —  merit  of  being  the  first  discoverer  of  this 
The  Rev.  Dr.  Hussey,  in  1834,  wrote  to  planet;  and  we  cannot  but  fee!  indignant  at 
Professor  Airy,  of  the  Royal  Observatory,  the  apathy  and  neglect  of  the  Royal  Astrono- 
Greenwich,  that  he  conjectured  the  possibility  mer,  especially  when  we  consider  that  Mr. 
of  some  disturbing  body  beyond  Uranus,  and  Adams  made  two  journeys  to  Greenwich  to 
that  he  had  found  that  Bouvard  and  Hansen  explain  this  matter,  and  left  his  papers  and 
had  been  in  correspondence  on  a  similar  con-  calculations  at  the  Observatory, 
jecture.  In  1842,  the  late  distinguished  as-  In  the  Comples  Rendus,  for  June  1,  1846 
tronomer,  Bessel,  in  conversation  with  Sir  — eight  months  after  Mr.  Adams  had  made 
John  Herschel,  in  reply  to  the  question  known  the  elements  of  the  new  planet's  orbit 
whether  the  deviations  in  question  might  to  the  EngHsh  astronomers — M.  Le  Verrier 
not  be  due  to  the  actions  of  an  unknown  gave  a  memoir  on  the  theory  of  Uranus,  in 
planet,  stated,  that  he  thought  it  highly  proba- .  which  he  affirmed  the  necessity  of  admitting 
'*ble  that  such  was  the  case.  But,  till  Septem-  the  hypothesis  of  an  exterior  planet.  No  ele- 
ber,  1845,  there  was  not  produced  by  any  ments  of  the  orbit  or  mass  were  given,  but  its 
astronomer  a  research  that  was  calculated  to  longitude,  it  was  stated,  should  be,  for  the  be- 
decide  this  question.  It  was  about  this  time  ginning  of  1847,  about  325°.  He  communi- 
that  Mr.  J.  C.  Adams,  fellow  and  assistant  of  cated  his  principal  conclusion  to  the  astrono» 
St.  John's  College,  Cambridge,  communicated  mers  of  the  Berlin  Observatory  on  September 
to  Professor  Challis,  of  the  Cambridge  Obser-  23d,  and  guided  thereby,  and  comparing  the 
vatory,  values  which  he  obtained  for  the  helio-  observations  with  a  star  map,  M.  Galie  found 
centric  longitude,  eccentricity  of  orbit,  longi-  the  planet  on  the  same  evening, 
tude  of  perihelion,  and  mass  of  an  assumed  Professor  Challis,  before  this  time,  in  con- 
exterior  planet,  deduced  entirely  from  unac-  sequence  of  a  laborious  research,  had  actually 
counted-for  perturbations  of  Uranus.  The  seen  the  planet.  On  July  30th,  he  went  over 
same  result.s,  somewhat  corrected,  were  left  at  a  zone  of  the  heavens,  nine  minutes  broad,  in 
the  Observatory  of  Greenwich,  about  the  end  such  a  manner  as  to  include  all  stars  up  to  the 
of  the  following  October,  in  a  paper  contain-  eleventh  magnitude.  On  August  4th,  he  took 
ing  the  following  statement : — '*  According  to  a  wider  zone,  and  recorded  a  place  of  the 
my  calculations,  the  observed  irregularities  in  planet.  His  next  observations  were  on  Au- 
the  motion  of  Uranus  may  be  accounted  for,  gust  12th,  when  he  met  with  a  star  of  the 
by  supposing  the  existence  of  an  exterior  8th  magnitude,  in  the  zone  which  he  had 
planet,  the  mass  and  orbit  of  which  are  as  gone  over  on  July  30th,  which  did  not  then 
follows: —  contain  this  star.  Of  course  this  was  the 
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f»Ianet— -the  place  of  which  was  thus  recorded 
a  second  liine,  in  four  days  of  observing.  A 
conjparison  of  the  observations  of  July  30th 
and  August  12th,  would,  according  to  the 
principle  of  search  which  he  emphiyed,  have 
shown  him  the  planet ;  but  he  did  not  make 
the  comparison  till  after  the  detection  of  it  at 
Berlin.  The  planet,  however,  was  secured, 
and  two  positions  of  it  recorded,  six  weeks 
earher  than  in  any  other  observatory,  and  in 
a  systematic  search  expressly  undertaken  for 
that  purpose,  so  that  Mr.  Challis,  though  not 
acknowledged  as  the  first  discoverer,  has  at 
least  the  satisfaction  of  having  seen  and  re- 
corded the  position  of  this  new-found  planet 
six  weeks  earlier  than  he  who  is  considered 
the  real  discoverer. 

This  planet  appears  like  a  star  of  the  8th 
magnitude,  and  consequently  may  be  seen 
with  a  moderate  degree  of  magnifying  power ; 
but  it  will  be  difHcuIt  to  distinguish  it  from 
email  neighbouring  stars,  unless  with  a  very 
high  power,  when  a  disk  may  be  perceived. 
Its  distance  from  the  sun  is  reckoned  about 
30  times  that  of  the  earth,  or  2,850,000,000, 
that  is,  two  thousand  eight  hundred  and  fifty 
millions  of  miles,  or  more  than  a  thousand 
millions  of  miles  beyond  the  orbit  of  Uranus. 
The  apparent  disk  of  this  planet  subtends  an 
angle  of  something  more  than  3  seconds,  and 
its  diameter  will  consequently  be  nearly 
60,000  miles.  Of  course,  it  is  about  250 
times  larger  than  the  Earth,  and  three  times 
larger  than  Uranus;  and  above  a  hundred 
times  larger  than  the  whole  mass  of  the  Earth 
and  Moon,  Venus,  Mercury,  Mars,  Ceres, 
Pallas,  Juno,  and  Vesta  taken  together.  So 
that  here  we  have  a  planet,  which  has  been 
hid  from  the  view  of  mortals  in  the  profundity 
of  space  for  thousands  of  years,  exceeding  in 
bulk  a  large  retinue  of  spacious  worlds  :  Jupi- 
ter and  Saturn  alone  are  its  superiors.  Its 
apparent  motion  when  discovered  was  retro- 
grade at  4  seconds  per  day.  Its  revolution 
round  the  sun  is  supposed  to  be  accomplished 
in  190  years. 

Mr  Lassell  of  Starfield,  near  Liverpool, 
stated  that  soon  after  its  discovery,  he  had 
different  views  of  it,  and  believes  that  he 
may  confidently  assert  that,  it  is  surrounded 
hy  a  Ring  like  that  of  Saturn,  placed  three 
diameters  from  the  body  of  the  planet.  This 
discovery  apj>ears  to.  be  confirmed  by  some 
late  observations  of  Professor  Ghallis.  **  I  have 
been  able,"  says  he,  "  with  the  Northumber-' 
land  telescope,  to  verify  Mr.  LasselPs  suspicions 
of  a  Ring,  I  first  received  the  impression  of 
a  ring  on  the  12th  January,  1847.  Two  in- 
dependent drawings  made  by  myself,  and  my 
assistant  Mr.  Morgan,  gave  th'e  same  repre- 
sentations of  its  appearance  and  position. 
The  ring  is  very  little   open.     Its  diameter 


makes  an  angle  in  the  south  preceding  quad- 
rant of  66  degrees  with  the  parallel  of  decli- 
nation. The  ratio  of  the  diameter  of  the 
ring  to  that  of  the  planet  is  by  estimation  that 
of  3  to  2.  T  am  at  a  loss  to  account  for  my 
not  having  noticed  the  ring  earlier." 

It  also  appears  that  Neptune  is  attended 
with  at  least  one  satellite,  which  Mr.  Lassell 
has  several  times  seen.  In  a  letter  dated 
September  20,  1847,  he  informs  the  editor  of 
the  Times,  that  "  he  has  ascertained  the  period 
of  this  satellite  to  be  5  days,  20  hours,  50 
minutes,  45  seconds.  The  projected  orbit  is 
a  narrow  ellipse,  with  axis  inchned  to  about 
28  degrees  to  the  ecliptic,  and  with  its  semi- 
axis  subtending  about  18  seconds,  so  that  the 
satellite  is  about  250,000  miles  from  the 
planet.  This  satellite  is  much  brighter  in  the 
preceding  than  in  the  following  half  of  its 
path.  This  variation  seems  to  show  that  one 
side  of  the  satellite  has  less  light  than  the 
other."  It  is  likewise  evident  that  this  satellite 
must  be  a  body  of  very  considerable  size, 
otherwise,  it  could  not  be  visible  at  such 
an  immense  distance.  It  is  probably  much 
larger  than  any  of  the  satellites  of  Jupiter  or 
Saturn,  and  may  far  exceed  our  globe  in  mag- 
nitude. The  heliocentric  longitude  of  this 
planet,  on  the  4th  of  Augusr.,  1846,  was  326° 
39,'   and  the  north  polar  distance  102°  57.' 

The  discovery  of  this  far  distant  planet,  in 
the  manner  in  which  it  was  effected,  consti- 
tutes not  only  a  new  era  in  the  progress  of 
celestial  science,  but  also  evinces  the  perspi- 
cacity of  the  human  intellect,  and  the  certainty 
and  uniformity  of  those  ph}'sical  laws  by 
which  the  bodies  of  the  planetary  system  are 
directed,  and  that  the  law  of  gravitation  is 
extensive  in  its  influence,  reaching  far  beyond 
what  were  formerly  considered  the  boundaries 
of  our  system,  and  probably  exerting  its  ener- 
gies throughout  all  the  worlds  that  roll  through 
the  spaces  of  infinitude.  We  have  here  a 
new  confirmation  of  the  theory  of  universal 
gravitation.  The  first  step  in  the  exhibition 
of  that  law  was,  the  discovery  made  by  New- 
ton that  the  earth  attracts  the  moon.  The 
principle  was  also  found  to  explain  the  revo- 
lution of  the  planets  round  the  sun.  Besides, 
it  was  found  that  the  movements  of  the  second- 
ary planets  round  their  primaries  are  owing 
to  the  same  cause.  The  application  of  this 
law  likewise  explained  certain  anomaUes  in 
the  motion  of  the  moon  and  planets  which 
were  otherwise  difficult  to  account  for.  A 
great  inequality  in  the  movements  of  Jupiter 
and  Saturn,  which  was  long  unaccounted  for, 
was  at  length  traced  to  their  reciprocal  action 
on  one  another  by  the  operation  of  this  law. 
The  effects  of  the  attraction  of  planets  that 
could  be  observed,  and  whose  names  were 
known,  were  thereby  calculated.  In  respect 
4b2  (1021) 
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to   the   newly    tliscovered   body — the    mean 
distance    and    position — the   mass,    and    the 
firm   of  its   orbit,  were  all   unknown.     But, 
by  its  oltserved  effects   these  were  all  so  well 
determined  as  to  guide  the  observer  almost  to 
the  very  point  of  the  heavens  where  it  was 
first  seen.     This  fact  stands  almost  alone  in 
the   records  of  astronomical  science.     There 
has  been  no  discovery   of  the  same  kind  be- 
fore it  in  the  annals  of  astronomy,  and  it  may 
lead   to  other  discoveries  of    a  similar  kind. 
We  have  now  no  reason  to  conclude,  that  we 
have  as  yet  descried  the  utmost  boundaries  of 
the    solar   system,   since  a  body  of  so   great 
magnitude  has  been   ascertained  to  exist  and 
to  prosecute  its  annual  course  around  the  sun, 
at  nearly  double  the  distance  of  Uranus.     If 
there  be  another   planet  or  more   beyond   the 
orbit  of  Neptune,  the  observations  of  a  num- 
ber of  years  upon  the  movements  of  this  body 
may  lead  to  a  like  result  again,  and  to  bring 
to  view  other  spacious  orbs  which  have  hither- 
to been  concealed  in  those  distant  regions  of 
space.     It  is  in   this  way   that  the   Creator 
crowns  the  exertions  of  human  genius  and 
the  investigation  of  his  works  with  success — 
by  opening  to    our  view   a  more   expansive 
prospect  of  his  boundless  and  eternal  empire. 
The  Planet   Hebe. — The  brilliant  disco- 
very of  the   planet  Neptune  by  Adams   and 
Le  Verrier  has   been  closely  followed  by  that 
of  another,  which  has  been  detected   by   M. 
Hencke,  the  discoverer  of  Astrsea.     On   the 
1st  of  July,  1847,  at  10   h.  40  m.  p.  m.,  M. 
Hencke  of  Dresden  discovered  a  second  star, 
not  previously  marked  in   his  map,   of   about 
the    9th    degree    of   magnitude,   in    257°    6' 
right  ascension,  and  3°  42'  south  declination. 
This   new  planet  was   observed   on  the  Stii 
July  from   the   Observatory  of  Berlin  in   the 
meridian,    and    in    the     refracting    telescope. 
This   body  is   considered   as   belonging  to  the 
smaller    planets    between   Mars   and   Jupiter. 
This  planet  has  been   subsequently  observed 
by  M.  Schumacker,    M.  Encke,  M.  Rumker, 
Mr.  Hind,  Professor  Ohallis,  Dr.  Peterson  and 
Mr.    Lassell.     Mr.    Hind    has   computed    its 
elements  as  follows : 

Epoch  of  mean  anomaly,  July,  1847, 

Greenwich  mean  time  .  .  '  .  283°  56'  54" 
Longiiude  of  perihelion  ...  8°  17'  24'' 

Inclination    .        ,        .        .        .        .    137°  25'  35" 

Eccentricity 238910 

M>ean  diurnal  motion  .        ,        .        .  886" 

Sidereal  period        ,        «        .        .         4.004  years. 

From  these. statements  it  appears  that  this 
planet  comes  between  Vesta  and  M.  Hencke's 
other  planet  Astraja.  It  has  been  named 
Hebe,  following  the  nomination  of  the  illus- 
trious Gauss,  to  whom  the  office  was  delegated 
oy  Hencke. 

The  Planet  Iris. — On  the  night  of  Fri- 
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day  the  13th  of  August,  1847— only  a?)out 
six  weeks  after  the  discovery  of  Hebe — Mr- 
Hind,  the  astronomer  at  Mr.  Bishop's  obser- 
vatory Regent's  Park,  London,  discovered  an 
asteroid,  which  he  believed  was  a  new  planet 
belonging  io  the  group  between  Mars  and 
Jupiter.  Subsequent  observations  have  con- 
firmed the  accuracy  of  that  opinion,  and 
placed  beyond  doubt  this  further  triumph  of 
English  astronomers.  Mr.  Hind  has  since 
favoured  the  scientific  world  with  the  follow- 
ing particulars  of  this  interesting  wanderer, 
now  for  the  first  time  recognized  as  belonging 
to  our  solar  system. — "  In  addition  to  the 
Berlin  maps,'*  says  Mr.  Hind,  "  which  we 
have  revised,  and  in  some  instances  corrected, 
elliptical  charts  of  stars  down  to  the  lOtli 
magnitude  have  been  formed  for  some  of  the 
hours  of  Right  Ascension,  which  it  is  Mr, 
Bishop's  intention  to  publish  as  soon  as  they 
are  completed.  On  the  13th  of  August,  I 
compared  Wolfe's  map  with  the  heavens,  and 
was  surprised  to  find  an  unmarked  star  of 
8.9  magnitude  in  a  position  which  was 
examined  on  June  22d  and  July  31st,  with- 
out any  note  being  made.  The  mere  existence 
of  a  star  in  a  position  where  before  there  was 
none  visible,  would  not  have  been  sufficient 
to  satisfy  me  as  to  its  nature,  because  during 
an  eight-month's  search,  I  have  met  with 
very  many  variable  stars,  a  class  which  I  be- 
lieve to  be  far  more  numerous  than  is  generally 
supposed.  But,  on  employing  the  wire  micro- 
meter, we  were  enabled,  in  less  than  half  an 
hour,  to  establish  its  motion,  and  thus  to  con- 
vince ourselves  that  I  had  been  fortunate 
enough  to  discover  a  new  member  of  the 
planetary  system.  It  may  appear  to  many 
rather  bold  to  announce  the  existence  of  a 
new  planet  from  the  detection  of  so  small  an 
amount  of  motions  as  2'''.5  in  right  ascension  ; 
but  snch  is  the  firm  mounting  of  the  large 
refracting  telescope,  and  the  perfection  of  the 
micrometers,  (for  which  we  have  to  thank 
Mr.  Dolland,)  that  a  far  smaller  change  would 
have  been  sufficient  to  convince  us  of  the 
nature  of  the  object  in  question,"  The  fol- 
lowing are  all  the  observations  ^^et  made: — 

Ri  ht        _  South 

h.   m.    sec.        Asccn  iou  of  Iris  Decliiiation. 

Aug.  13,     9  39  46    19h.  57m.  3()sec.  W^  27'  21''.5 

10  87  24    19       57        28  13     27      27.6 

14  9  23  58  \Q      56   .S8  J3  29  J4.0 

15  9  0  39  I'd      55   47  13  31   4.3 

The  name  7m  was  fixed  upon  by  Mr. 
Bishop  as  an  appropriate  name  for  this  new 
planet.  The  symbol  adopted  for  its  designa- 
tion is  a  semicircle  with  an  interior  star. 
Mr,  Hind  says,  "  This  planet  has  been  de- 
tected in  a  systematic  search  instituted  ex- 
pressly with  a  view  to  the  discovery  of  such 
a  body,  and   comrarnced   in  November,  I84G. 
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The  Berlin  maps  were  employed  as  far  as 
they  extend:  small  stars  of  the  9th  or  10th 
magnitude  not  marked  in  the  maps,  being 
inserted  from  time  to  time,  as  they  came  under 
examination."  Observations  of  Iris  have 
likewise  been  made  by  Professor  Challis,  Mr. 
Graham,  Dr.  Peterson  at  Altona,  M.  Riimker 
at  Hamburg,  and  Professor  Encke  at  Berlin. 

The  Placet  Flora. — Since  the  discovery 
of  the  planet  Iris,  Mr.  Hind,  at  Mr.  Bishop's 
observatory,  South  Villa,  Regent's  Park,  has 
discovered  another,  within  little  more  than 
two  months  aft-er  Tris  was  discovered.  This 
new  body  was  discovered  on  October  18, 
1847.  A  iew  hours'  observation  proved  it  to 
be  a  new  planet — the  eighth  of  the  remarkable 
group  between  the  orbits  of  Mars  and  Jupiter. 
Since  the  epoch  of  discovery  the  brightness  of 
the  plaiiet  has  considerably  increased,  and 
now  equals  that  of  a  star  of  the  eighth  mag- 
nitude. At  Mr.  Bishop's  request,  Sir  John 
Herschel  has  named  it  "  jP/ora,"  with  a  flov^^er 
(a  rose)  for  the  symbol.  This  new  body  has 
also  been  observed  by  Professor  Challis,  E.  f. 
Cooper,  Esq,,  Mr.  Graham,  Professor  Encke, 
Professor  Schumacher,  M.  Peterson  and  M. 
Rumker. 

From  the  above  statements  it  appears  that 
three  new  primary  planets  have  been  brought 
to  light  during  the  year  1847,  and  that,  too, 
within  less  than  the  space  of  four  months,  the 
first  of  them  having  been  discovered  on  the 
1st  of  July,  and  the  third  on  the  18th  of  the 
following  October.  It  is  remarkable,  too,  that 
they  all  belong  to  that  class  of  comparatively 
small  bodies,  sometimes  called  Asteroids, 
which  move  between  the  orbits  of  Mars  and 
Jupiter,  and  are  all  invisible  to  the  naked  eye. 
Those  bodies  revolve  nearly  at  the  same  dis- 
tance from  the  sun,  and  the  times  of  their 
revolutions  round  the  sun  are  not  much  dif- 
ferent from  each  other,  and  they  are  now 
found  to  be  at  least  eight  in  number.  There 
is  a  considerable  degree  of  mystery  that 
hangs  over  the  facts  and  circumstances  con- 
nected with  these  bodies,  which  prevents  us 
from  forming  precise  and  definite  conceptions 
respecting  their  nature  and  destination.  It  is 
generally  supposed  that  they  once  formed  the 
component  parts  of  a  large  planet,  which  for- 
merly revolved  near  the  regions  they  now  oc- 
cupy, but,  by  some  powerful  internal  force, 
had  been  disrupted  into  a  number  of  smaller 
planets,  which  form  the  bodies  v/hich  have 
been  lately  discovered.  How  many  of  these 
smaller  bodies  m^j  exist  it  is  now  impossible 
to  determine,  since  others  may  still  be  dis- 
covered; for  it  would  be  as  unreasonable  to 
conclude  that  we  have  now  discovered  the 
whole  of  them,  as  i^  would  have  been  when 
only  two  or  three  of  them  were  discovered. 
Between   the  beginning  of  1801,   and    1807, 


four  of  these  bodies  had  been  detected,  but 
no  farther  discovery  was  made  in  reference 
to  them  till  December,  1845,  when  Astrsea 
was  discovered. 

Various  inquiries  are  suggested  to  the  mind 
when  contemplating  the  pecuHar  phenomena 
which  these  bodies  present.  If  these  small 
planets  once  formed  the  component  parts  of  a 
large  planet,  at  what  period  did  the  disruption 
take  place?  Was  that  planet  then  inhabited  I 
And  if  inhabited,  what  was  the  fate  of  its  in- 
habitants] Were  they  entirely  destroyed  by 
the  awful  catastrophe  1  or,  did  the  inhabitants 
of  the  difTerent  fragments  fly  off  along  with 
that  portion  of  the  original  planet  which  they 
occupied]  Are  these  bodies  still  inhabited  ? 
or,  are  they  flying  like  shattered  masses,  and 
barren  deserts,  through  the  voids  of  space  1 
And  if  so,  are  they  ever  again  to  be  repeo- 
pled  ]  To  such  inquiries,  however,  no  satis- 
factory answers  can  be  expected  while  we 
remain  in  the  present  state.  On  the  other 
hand,  if  we  do  not  admit  the  hypothesis  of  a 
large  planet  having  been  disrupted,  it  is  very 
difficult  to  account  for  the  present  position, 
motions,  and  other  phenomena  of  these  bodies, 
so  very  diflferent  from  the  harmony,  propor- 
tion, and  order,  which  characterize  the  other 
arrangements  of  the  solar  system.  As  already 
stated,  they  are  nearly  of  the  same  distances 
from  the  sun,  and  perform  their  revolution 
nearly  in  the  same  periods ;  their  orbits  are 
more  eccentric,  and  have  a  much  greater  de- 
gree of  inclination  than  those  of  the  other 
planets;  and  what  is  very  singular  and  unac- 
countable, their  orbits  cross  each  other,  so 
that  there  is  a  possibility  of  these  planets  im- 
pinging upon  each  other  in  the  course  of  their 
revolutions.  These  circumstances  seem  to 
indicate  that  the  bodies  in  question  are  not  in 
that  order  and  arrangement  in  which  we 
should  suppose  an  all-wise  Creator  would 
have  placed  them  at  their  original  creation,  so 
that,  whatever  view  we  take  of  these  anoma- 
lous bodies,  there  appears  to  us  something  in- 
explicable, mysterious  and  incomprehensible. 
But  we  may  rest  assured  that  their  present 
state,  whatever  it  may  be,  is  in  full  accordance 
with  the  wisdom,  rectitude,  and  benevolence 
of  the  Moral  Governor  of  the  Universe. 

Rapid  Progress  of  Astronomical  Dis- 
coTERT. — Since  the  beginning  of  the  17tn 
century,  a  little  before  the  telescope  was  ap- 
plied to  the  heavens,  no  less  than  thirty-one 
bodies,  unknown  before,  have  been  added  to 
our  views  of  the  Solar  System.  In  the  year 
1608,  seven  bodies  were  known  to  belong  to 
our  system,  namely,  the  Sun  and  Moon,  Mer- 
cury, Venus,  Mars,  Jupiter,  and  Saturn.  In 
1700,  there  had  been  added  eleven  moving 
bodies,  namely,  four  satellites  of  Jupiter,  five 
of  Saturn,  the  Earth  itself,  which  was  now 
(1023) 
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fully  recognized  as  a  planet,  and  Halley's 
comet,  though  the  prediction  had  not  heen 
verified.  In  iSOO,  there  had  been  added 
nine,  namely,  Uranus  and  its  six  satellites, 
with  two  satellites  of  Saturn.  These  were 
all  discovered  hy  the  late  Sir  Wm.  Herschel; 
and  this  celehrated  observer,  at  his  death,  left 
the  solar  system  half  as  large  again,  in  num- 
ber of  bodies,  as  he  found  it.  Since  the  be- 
ginning of  the  year  1800,  there  have  been 
added  twelve,  namely,  Vesta,  Juno,  Ceres, 
Pallas,  Astraea,  Hebe,  Iris,  Flora,  Neptune, 
the  satellite  discovered  by  Mr.  Lassell  as  re- 
■  volving  round  the  planet  Neptune,  Encke's 
comet,  and  Biela's  comet. 

Notwithstanding  the  discoveries  which  have 
lately  been  made  in  the  planetary  system,  and 
in  other  regions  of  the  heavens,  we  are  not 
to  imagine  that  we  have  yet  arrived  at  boun- 
daries in  creation,  beyond  which  we  cannot 
pass.  Only  a  few  years  have  as  yet  passed 
since  the  planet  Saturn  was  considered  as  the 
utmost  boundary  of  our  planetary  system, 
whose  orbit  is  removed  900  millions  of  miles 
from  the  sun.  But  now,  planets  have  been 
discovered  at  double  and  treble  this  distance, 
at  eighteen  hundred  millions,  and  at  three 
thousand  millions  of  miles  from  this  central 
luminary,  and  at  such  immense  distances  re- 
tained in  their  orbits,  and  guided  by  the  influ- 
ence of  the  attractive  powers  of  the  sun.  The 
planet  Neptune  moves  in  an  orbit  five  thou- 
sand seven  hundred  millions  of  miles  in  diam- 
eter, and  about  eighteen  thousand  millions  of 
miles  in  circumference  ;  and  were  a  steam 
carriage  to  move  round  this  vast  circle  at  the 
rate  of  twenty  miles  an  hour,  it  would  require 
more  than  a  hundred  thousand  years  before  it 
would  com})lete  the  vast  circuit.  As  we  have 
no  reason  to  conclude  that  we  have  not  reach- 
ed the  utmost  bounds  of  our  system,  it  is  not 
at  all  improbable  that  planets  of  a  large  size 
may  exist  far  beyond  the  orbit  of  Neptune, 
which  may  yet  be  discovered  by  the  persever- 
ing efforts  of  our  astronomers,  and  &orae  of 
which  ma}'  never  be  visible  to  mortal  eyes. 
It  will  now  be  more  difficult  than  formerly  to 
make  delineations  of  the  orbits  of  the  planets, 
when  they  are  intended  to  be  represented  in 
the  relative  proportions  of  their  distances  from 
the  sun,  unless  the  delineation  be  made  on  a 
very  large  scale,  for  otherwise  the  orbits  of 
Mars,  the  Earth,  Venus  and  Mercury,  would 
appear  so  close  to  each  other  as  scarcely  to  be 
distinguished. 

On  the  whole,  what  further  discoveries  may 
yet  be  made  in  the  celestial  regions  it  is 
scarcely  for  us  to  anticipate.  But  in  propor- 
tion to  the  number  of  those  who  devote  them- 
selves to  celestial  observations,  and  in  propor- 
tion to  the  improvements  that  may  be  made 
on  telescopes,  and  other  instruments  of  obser- 
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vation,  may  we  expect  that  still  more  brilliam 
discoveries  will  be  unfolded  to  our  view.  It 
is  to  be  hoped  that  American  astronomers 
will,  ere  long,  be  instrumental  in  making  new 
discoveries  in  the  heavens,  since  some  of  them 
have  lately  procured  most  powerful  instru- 
ments of  observation.  It  is  to  be  hoped  that 
Professor  Mitchell,  of  Cincinnati,  who  has 
been  furnished  with  an  observatory,  and  an 
excellent  instrument  of  observation,  will  soon 
com})ly  with  the  requisition  of  Struve,  and 
measure  all  the  double  and  multiple  stars  south 
of  the  equator.  It  is  also  confitlently  expect- 
ed that  Mr.  Bond  of  Cambridge,  Massachusetts, 
will  follow  up  his  discovery  of  analyzing  the 
great  nebula  of  Orion  by  similar  discoveries 
in  the  nebulous  regions  of  the  heavens.  The 
great  Cambridge  achromatic  telescope  is  an 
instrument  which  does  honour  to  the  Harvard 
University,  and  to  the  United  States.  From 
what  it  has  already  performed,  it  appears 
scarcely  inferior  to  the  monster  telescope  of 
the  Earl  of  Rosse,.  54  feet  in  length,  and  6 
feet  in  diameter. 


II. 

BRIEF   SKETCH    OF  THE    HISTORY 
OF  ASTRONOMY. 

AsTTiojroMT  was  undoubtedly  one  of  the 
earliest  of  the  sciences  cultivated  by  the 
human  race.  Some  of  its  facts  and  first  prin- 
ciples must  have  been  known  from  the  begin 
ning  of  the  world.  For  when  the  shades  of 
night  have  opened  to  view  the  azure  firma- 
ment, diversified  with  a  multitude  of  shining 
orbs — the  moon  walking  in  brightness — the 
planets  moving  in  their  courses — and  the  host 
of  stars  displaying  their  diversified  radiance 
— such  a  scene  must  have  attracted  the  atten- 
tion of  every  spectator,  and  led  him  to  observe 
their  apparent  motions,  and  to  inquire  into 
their  order  and  arrangement,  and  their  use  in 
measuring  the  exact  length  and  proportions 
of  days,  and  months,  and  years.  Hence  our 
English  poet,  Milton,  very  properly  represents 
our  first  progenitors,  Adam  and  Eve,  celebrat- 
the  praises  of  their  Maker,  after  taking  a  sur- 
vey of  the  nocturnal  heavens. 

Adam. 
"Tliese  are  thy  glorious  works,  Parent  of  Good, 
Almi^ihty  !  thine  this  universal  frame, 
Thus  wond'rous  fair  ;  thyself  liow  wond'rousthen 

Eve. 
Unspeakable  !  who  sitt'st  above  these  heavens 
To  \is  invisible,  or  dimly  seen 
In  these  thy  lowest  works  ;  yet  these  declare 
Thy  goodness  beyond  thought,  and  power  divine,' 
etc. 
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Hence  we  find  that  Josephus,  in  his  book  Anaximander,  Pythagoras,  Aristarchus,  and 

of  the  "  Antiquities  of  the  Jews,"  relates  that  others.     Pythagoras,  who  flourished  about  five 

"Seth  and  his  descendants  were  persons  of  hundred  years  before  the  Christian  era,  taught 

happy  tempers,  and  lived  in  peace,  employing  that  the  sun  was  in  the  centre  of  the  universe; 

themselves  in  the  study  of  astronomy,  and  in  that  the  earth  is  globular,  and  moves  round 

other  researches  after  useful  knowledge."    He  the  sun  ;  that  Venus  is  the  morning,  as  well 

also  remarks  that,  "God  indulged  the  ante-  as  the  evening  star;  that  the  moon  reflects 

diluvians  with  a  long   life,  that    they  might  the   sun's  rays,   and   is  inhabited ;    that  the 

bring  astronomy  and  geometry  to  perfection."  stars  are  worlds,  and  that  comets  are  wander- 

And  the   long   lives  of  men,  at  that  period,  ing  stars.     This  is  nearly  the  system  which 

when  many  reached  the  age  of  eight  or  nine  was  restored  by  Copernicus,  in  the  fifteenth 

hundred  years,  had   a   tendency  to    improve  century. 

the  science  of  astronomy;  since  the  same  in-  Hipparchus,  born  at  Nice,  in  Bithynia,  ap- 
dividual  might  observe  the  planet  Saturn  go  pears  to  have  made  considerable  advances  in 
through  more  than  thirty  revolutions.  We  the  cultivation  of  every  branch  of  astronomy, 
have,  therefore,  reason  to  conclude  that  many  He  flourished  about  one  hundred  and  forty 
of  the  antediluvians  were  intelligent  astrono-  years  before  Christ.  He  was  among  the  first 
mers:  but  their  observations,  if  they  were  astronomers  on  record  who  attempted  to  num- 
ever  recorded,  must  have  perished  in  the  gene-  her  the  stars,  and  to  determine  their  exact 
ral  deluge,  unless  Noah,  who  was  a  wise  and  positions.  He  was  first  induced  to  commence 
good  man,  had  secured  some  of  the  most  valu-  this  labour  in  consequence  of  the  appearance 
able  of  them  in  the  ark,  and  transmitted  the  of  a  new  star,  in  order  that  succeeding  astro- 
results  to  his  posterity.  nomers  might  learn  whether  any  changes  take 

After  the  deluge,  the  nations  most  noted  place  in  the  heavens, 
for  the  cultivation  of  the  science  of  the  hea-        Ptolemy,  a  native  of  Pelusium,  in  Egypt, 

vens  were  the  Chaldeans,  the  Egyptians,  and  born  in   the  year  69,  is  the  most  ancient  as- 

the   Chinese.     It  is   remarked    by   Josephus  tronomer  whose    works    have    been   handed 

that  Abraham  was  a  most  attentive  observer  down   to  our  times.     His  Almagest,   or  the 

of  the  stars ;  that  he  was  a  person  of  great  great  composition,  is  that  to  which  we  are  in- 

sagacity,   both   for  understanding  all  things,  debted,  not  only  for  his  own  observations,  but 

and  persuading  his  hearers,  and  that  he  first  for  almost  all  that  remains   of  Hipparchus, 

brought  astronomy  from  Chaldea  into  Egypt.  Aristillus,  Timocharis,  and  the  ancient  Baby- 

The  Egyptians  appear  to  have  made  some  lonians.  According  to  the  system  of  Ptolemy, 
progress  in  astronomy,  at  as  early  a  period  as  the  earth  is  immovable  in  the  centre  of  the 
the  Chaldeans.  Their  Pyramids,  the  most  universe,  and  the  planets  move  round  it  in 
ancient  monuments  in  the  world,  prove  their  the  following  order ;  first  the  moon,  then 
skill  in  practical  astronomy,  as  they  are  all  Mercury  and  Venus ;  next  to  Venus  the  sun  ; 
situated  in  such  a  manner,  that  their  several  then  Mars,  Jupiter,  and  Saturn,  in  the  order 
sides  front  very  exactly  the  four  cardinal  here  stated;  and  above  all  these,  the  firma- 
points,  east,  west,  north,  and  south.  The  ment  of  the  fixed  stars,  all  which  were  con- 
system  adopted  by  the  Egyptians  was  the  ceived  as  revolving  round  the  earth  every 
following :  they  conceived  that  the  planets  twenty-four  hours.  He  supposed  that  the 
Mercury  and  Venus  revolved  hke  sateUites,  planets  moved  round  the  earth,  each  in  a 
around  the  sun,  their  orbits  being  carried  vast  solid  transparent  globe,  having  the  planet 
along  with  him  in  his  revolution  round  the  attached  to  its  surface ;  and  as  these  transpa- 
earth.  They  siipposed  the  earth  immovable  rent  spheres  did  not  account  for  all  the  mo- 
as  the  centre  of  the  system,  and  the  other  tions  and  apparent  irregularities  of  the  hea- 
celestial  bodies  to  turn  around  the  same  cen-  venly  bodies,  he  contrived  others  and  still 
tre ;  first  the  moon,  then  the  sun,  about  which  more  complicated  machinery,  such  as  cycles, 
they  supposed  Mercury  and  Venus  to  revolve,  epicycles,  deferents,  etc.,  in  order,  if  possible, 
next  the  planet  Mars,  then  Jupiter,  next  to  to  solve  appearances.  This  system,  notwith 
Jupiter,  Saturn,  and  lastly  the  sphere  of  the  standing  its  absurdity,  and  its  contrariety  to 
fixed  stars.  The  Chinese  pretend  that  their  the  appearances  of  the  universe,  continued  in 
nation  studied  astronomy  soon  after  the  flood,  vogue,  even  among  the  learned,  for  the  space 
and  date  their  astronomical  knowledge  from  of  more  than  one  thousand  four  hundred  years, 
Fohi,  the  first  of  their  kings;  supposed  by  or  till  the  middle  of  the  fifteenth  century 
some  to  have  been  Noah,  as  it  is  understood  During  this  period,  a  few  individuals  appeared 
that  he  journeyed  with  his  children  in  the  di-  who  cultivated  astronomy,  such  as  Almansor, 
rection  of  China,  about  the  time  of  the  build-  Almanon  and  others  among  the  Arabians; 
ing  of  the  tower  of  Babel.  Ulugh    Beigh,  a   prince    of  Tartary  ;    Alha 

Among  the  Greeks,  astronomy  was  culti-  zen,  an  Arab  in  Spain;  Alphonso  X.,  king 

valed  by  fhales,  the   Milesian,  Anaxagoras,  of  Castile  ;  Roger  Bacon»  and  several  others ; 
129  (1025) 
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but  they  all  adopted  the  absurd,  hypothesis  of 
Ptolemy. 

About  the  beginning  of  the  sixteenth  cen- 
tury, Copernicus,  a  bold  and  original  genius, 
began  to  be  distinguished  for  his  attainments 
in  astronomy.  Perceiving  that  the  clumsy 
and  unnatural  system  of  Ptolemy  could  never 
account  for  the  motions  and  appearances  of 
Ihe  celestial  orbs,  he  adopted  the  Pythagorean 
system,  which  had  been  broached  five  hundred 
years  before  Christ,  and  wrote  a  profound 
treatise  in  confirmation  of  it,  entitled,  *' Astro- 
nomy Restored  ;  or.  The  Revolutions  of  the 
Celestial  Orbs/'  ¥/ith  a  bold  and  daring 
hand,  he  dashed  the  crystalline  orbs  of  Ptole- 
my hito  pieces,  swept  away  his  cycles,  epi- 
cycles, and  deferents,  placed  the  sun  in  the 
centre  of  the  system,  removed  the  earth  from 
Its  quiescent  state,  and  set  it  in  motion 
through  the  regions  of  the  iimiament,  in 
company  with  the  other  planetary  orbs.  This 
system  was  at  first  violently  opposed,  both  by 
the  vulgar,  the  dignitaries  of  the  Romish 
church,  and  pretended  philosophers,  as  con- 
trary both  to  sense,  reason,  and  Scripture,  and 
many  of  ita  abettors  were  subjected  to  violent 
persecutions.  But  it  is  now  universally  re- 
ceived by  all  men  of  learning,  and  by  every 
one  who  has  investigated  the  motions  and 
other  phenomena  of  the  heavens.  It  has 
©pened  to  our  view  the  harmony  and  order  of 
the  planetary  .system,  the  wisdom  and  intelli- 
gence of  its  great  Author,  and  laid  the  founda- 
tion of  all  the  discoveries  which  have  subse- 
quently been  made  in  this  science.  It  was 
afterwards  ably  supported  by  the  writings  and 
observations  of  GaHleo,  Kepler,  Gassendi, 
Hevelius,  Huygens,  Cassini,  and  other  cele- 
brated astronomers,  by  whom  its  principles 
have  been  established  on  a  foundation  stable 
and  permanent  as  the  laws  of  the  universe. 

About  sixty  or  seventy  years  after  the  publi- 
cation of  this  system,  the  invention  of  the 
telescope,  and  the  discoveries  made  with  this 
instrument  by  Galileo,  tended  to  confirm  its 
principles,  and  to  expand  our  views  of  the 
sublimity,  the  variety,  and  multitude  of  the 
objects  which  the  universe  displays.  This 
illustrious  astronomer  first  discovered,  by  his 
telescope,  the  satellites  of  Jupiter,  the  phases 
of  Venus,  the  spots  of  the  sun,  and  the  rota- 
tion of  this  globe  round  its  axis,  the  moun- 
tains and  vales  in  the  moon,  the  stars  in  the 
Milky  Way,  and  an  extraordinary  pheno- 
menon, which  he  imagined  to  be  too  small 
globes,  connected  with  the  planet  Saturn. 
These  discoveries  were  made  about  the  year 
J  610,  soon  aft^r  the  telescope  was  invented. 
About  forty-eight  years  afterwards,  Huygens, 
a  celebrated  mathematician  and  astronomer, 
in  Holland,  with  telescopes  of  a  much  larger 
size  than  those  of  Oalileo,  discovered  that 
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the  phenomenon  connected  3^ith  Saturn  wgs,, 
in  reality,  an  immense  ring  surrounding  that 
planet,  and  thirty  thousand  miles  distant  from 
every  part  of  it.  He,  at  the  same  time,  dis« 
covered  the  fourth  satellite  of  Saturn;  and  in 
these  and  other  observations  he  used  telescopes 
of  his  own  construction  of  twelve,  twenty<» 
three,  and  even  120  feet  in  length.  Some 
time  afterwards,  Cassini,  a  French  astronomer 
discovered  the  first,  second,  third,  and  fifth 
satellites  of  Saturn,  and  the  periods  of  the 
rotation  of  Mars  and  Venus. 

About  the  period  to  which  we  now  allude 
flourished  the  illustrious  Sir  Isaac  Newton, 
who  laid  the  foundation  of  physical  astronomy. 
About  the  year  1666,  when  in  the  twenty-= 
fourth  year  of  his  age,  he  retired' from  Cam^ 
bridge  into  the  country  on  account  of  the 
plague,  and  sitting  one  day  in  an  orchard, 
under  a  tree,  an  apple  happening  to  fall  upon 
his  head,  led  him  into  a  number  of  reflections. 
Reflecting  on  the  power  by  which  all  terres" 
trial  bodies  gravitate  towards  the  earth,  it 
occurred  to  him  that  as  this  power  is  not  sen- 
sibly diminished  in  any  distance  to  which 
we  can  recede  from  the  earth's  centre,  there 
seemed  reason  to  conclude  that  it  extended 
much  further  than  it  was  generally  supposed, 
and  even  might  extend  as  far  as  the  moon  ; 
and  if  this  were  true,  he  concluded  that  her 
motion  would  be  influenced  by  it,  and  that 
probably  it  was  this  very  force  which  retained 
her  in  her  orbit.  Following  out  these  sub- 
lime conceptions,  he  began  the  composition 
of  his  immortal  work,  the  "  Principia,"  which 
was  published  in  1687,  in  Latin,  under  the 
title  of  "  Mathematical  Principles  of  Natural 
Philosophy."  He  also  invented' a  reflecting 
telescope,  which  bears  his  name. 

Contemporary  with  Newton  w^ere  Dr, 
Hooke,  Flamstead,  Halley,  Bradley,  Roemer, 
Richer,  Picard,  Muraldi,  and  others,  whose 
labours  greatly  contributed  to  the  improvement 
of  astronomy.  Flamstead  was  the  first  astro- 
nomer royal  in  the  Observatory  at  Greenwich, 
and,  for  nearly  half  a  century  was  assiduous 
in  his  observations  of  the  heavenly  bodies. 
He  formed  a  catalogue  of  more  than  tliree 
thousand  stars,  with  their  right  ascensions^ 
longitudes,  solar  distances,  and  apparent  mag- 
nitudes. Roemer,  a  Danish  astronomer,  was 
the  first  who  discovered  the  progressive  mo- 
tion of  light.  By  comparing  the  eclipses  of 
the  first  satellite  of  Jupiter  with  the  times  of 
their  immersions  and  emersions  given  by  the 
tables  of  Cassini,  he  found  that  the  error  of 
the  tables  depended  on  the  distance  between 
Jupiter  and  the  earth,  and  hence  he  concluded 
that  the  motion  of  light  was  not  instantaneous, 
and  that  it  moved  across  the  diameter  of  the 
earth's  orbit  in  about  sixteen  minutes,  or  nX 
the  rate  of  192,000  miles  in  a  second. 
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Few  discoveries  were  made  in  the  heavens 
from  the  beginning?  of  the  eighteenth  century 
till  the  period  when  Sir  W.  Herschel  applied 
his  large  telescopes  to  the  spaces  of  the  firma- 
ment. His  discoveries  have  greatly  extended 
our  views  both  of  the  planetary  system,  and 
of  the  sidereal  heavens.  On  the  .13th  March, 
1781,  he  discovered  a  new  planet  beyond  the 
orbit  of  Saturn,  to  which  he  gave  the  name  oY 
Georgium  Sidus ;  but  it  is  now  generally  dis- 
tinguished by  the  name  of  Uranus.  On  the 
1 1th  January,  1787,  he  discovered  the  second 
and  fourth  satellites  which  move  round  this 
planet;  in  1790  and  1794,  he  discovered  four 
other  satelhtes  revolving  round  the  same  body. 
In  1789,  he  discovered  the  sixth  and  seventh 
satellites  of  Saturn  ;  he  also  determined  the 
rotation  and  figure  of  this  planet — discovered 
that  it  had  a  double  ring,  and  was  marked  with 
several  belts  parallel  to  its  equator.  His  son, 
Sir  J.  Herschel,  has  also  distinguished  himself 
by  his  unwearied  observations  on  the  heavens. 
In  conjunction  with  Sir  J.  South,  he  produced 
a  catalogue  of  380  double  stars,  whose  dis- 
tances and  angles  of  position  they  had  deter- 
mined with  the  utmost  precision.  Sir  J. 
Herschel  afterward  produced  a  list  of  upwards 
of  3300  double  and  triple  stars,  from  his  own 
solitary  observations,  accompanied  with  all  the 
micrometrical  measurements ;  and,  about  ten 
or  twelve  years  ago,  he  went  to  the  Cape  of 
Good  Hope  for  the  purpose  of  making  obser- 
vations in  the  southern  region  of  the  heavens, 
and  made  some  interesting  discoveries.  On 
the  1st  of  January,  1801,  M.  Piazzi,  a  Sicilian 
astronomer,  discovered  a  small  planet  between 
the  orbits  of  Mars  and  Jupiter,  which  has  been 
named  Ceres.  On  the  28th  March,  1802,  Dr. 
Gibers,  of  Bremen,  discovered  another  planet, 
near  the  same  region,  which  is  named  Pallas. 
On  the  1st  September,  1804,  Mr.  Harding,  of 
Lilienthal,  discovered  another,  which  is  named 
Juno,  distinguished  for  the  great  eccentricity 
and  inclination  of  its  orbit.  On  the  26th 
March,  1807,  Dr.  Olbers  discovered  a  fourth 
planet,  which  he  named  Vesta.  The  latest  dis- 
covery of  this  kind  we  have  to  record  was 
made  by  Mr.  Hencke,  of  Driessen,  on  the  8th 
December,  1845,  when  he  discovered  another 
planet  somewhat  similar  to  the  four  now  men- 
tioned, which  is  nearly  at  the  same  distance 
from  the  sun,  and  accompUshes  its  revolution 
in  nearly  the  same  period  as  the  others.  This 
planet  has  been  named  Astraea. 

In  the  present  day  there  are  many  distin- 
guished cultivators  of  astronomical  science, 
from  whose  observations  and  researches  new 
discoveries  may  be  expected.  The  names  of 
South,  Herschel,  Airy,  Smyth,  Robinson,  the 
Earl  of  Rosse,  Schumacher,  Struve,  Harding, 
Bessel,  Arago,  and  a  multitude  of  others,  are 
wel!  known  as  distinguished  cultivators  of  the 


science  of  the  heavens.  It  is  to  be  hoped  thaf: 
the  Earl  of  Rosse,  by  means  of  the  largo  and 
splendid  telescope  he  has  lately  erected,  will 
be  enabled  to  make  new  discoveries,  and  to 
enlarge  our  views  of  the  grandeur  of  the  side- 
real heavens.  He  has  already  analyzed  some 
of  the  nebluae,  and  shown  them  to  consist  of 
immense  clusters  of  stars  which  could  not  be 
perceived  by  any  former  telescopes ;  and  this, 
we  would  hope,  is  only  a  prelude  to  still  more 
sublime  discoveries.  What  further  advances 
astronomy  may  yet  make,  we  dare  not  venture 
to  anticipate.  The  number  of  individuals  who 
devote  themselves  to  this  study  is  gradually 
increasing ;  its  instruments  of  observation  are 
rapidly  improving ;  and  we  can  scarcely  set 
boundaries  to  the  discoveries  that  may  yet  be 
made.  In  future  ages,  man,  by  the  improve- 
ments in  optical  and  other  instruments,  may 
be  able  to  penetrate  much  farther  into  the  dis- 
tant regions  of  the  universe  than  he  has  hith- 
erto done,  and  may  descry  myriads  of  objects 
which  have  hitherto  remained  invisible  in  the 
unexplored  regions  of  immensity.  And  after 
all  the  discoveries  which  mortals  can  bring  to 
view  from  this  terrestrial  sphere,  the  greater 
part  of  the  works  of  the  Almighty  will  still 
remain  to  be  explored  throughout  the  ages  of 
eternity. 


Ill, 

EXPLANATION  OF  ASTRONOMICAL 
TERMS. 

Abei'ration,  an  apparent  change  of  place 
in  the  fixed  stars,  which  arises  from  the  mo- 
tion of  the  earth  combined  with  the  motion  of 
light. 

Achernar,  a  fixed  star  of  the  first  magni- 
tude, in  the  constellation  Eridanus,  n.  a.  1 
hour,  81  minutes.- — Dec.  58  degrees,  16^ 
minutes. 

Achronical  rising  or  setting  of  a  planet,  or 
star,  is  when  it  rises  at  sunset,  or  sets  at 
sunrise. 

Aldebaran,  a  fixed  star  of  the  first  magni- 
tude in  the  head  of  the  constellation  Taurus; 
sometimes  called  the  BulVs  eye. 

Aerolites,  or  air-stones,  are  semi-metallic 
substances  which  are  found  to  fall  from  the 
atmosphere  in  different  countries.  Some  phi- 
losophers have  imagined  that  they  are  the 
fragments  of  a  planet  that  had  been  burst 
asunder. 

Algol,  a  star  in  Medusa's  head  which  va- 
ries from  the  second  to  the  fourth  magnitude, 

Alioth,  a  fixed  star  in  the  tail  of  the  Great 
Bear. 

Almicankrs,  imaginary  circles,  which  are 
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supposed  to  be  drawn  parallel  to  the  horizon, 
and  to  pass  through  every  degree  of  the  me- 
ridian, to  show  the  altitude  of  a  celestial  object 
above  the  horizon. 

Altitude,  the  height  of  the  sun,  moon,  or 
stars  above  the  horizon,  reckoned  in  degrees 
and  minutes,  on  a  vertical  circle. 

Amphiscii,  a  name  given  to  the  inhabitants 
of  the  torrid  zone,  on  account  of  their  sha- 
dows falling  at  one  time  of  the  year  towards 
the  south,  and  at  another  time  towards  the 
north. 

Amplitude,  an  arc  of  the  horizon,  con- 
tained between  the  east  or  west  point  of  the 
heavens,  and  the  centre  of  the  sun  or  a  star 
at  the  time  of  its  rising  or  setting. 

Anomaly,  (the  true.)  the  distance  of  a 
planet  in  signs,  degrees,  etc.,  from  that  point 
of  its  orbit  which  is  farthest  from  the  sun. 
The  mean  anomaly  is,  that  which  would  take 
place  if  the  planet  moved  uniformly  in  the 
circumference  of  a  circle. 

Antdeci,  a  name  given  to  the  inhabitants 
of  the  earth,  who  live  under  the  same  meri- 
dian, and  at  equal  distances  from  the  equator, 
but  on  opposite  sides  of  it. 

Antipodes,  those  inhabitants  of  the  earth 
who  live  diametrically  opposite  to  each  other, 
or  walk  feet  to  feet,  on  opposite  sides  of  the 
globe. 

Aphelion,that  point  in  the  orbit  of  a  planet 
in  which  it  is  at  its  greatest  distance  from  the 
sun. 

Apogee,  that  point  in  which  the  sun,  or  a 
planet,  is  farthest  distant  from  the  earth. 

Apsides,  the  two  most  remote  points  of  a 
planet's  orbit,  otherwise  termed  its  aphelion 
and  perihehon.  A  line  joining  these  points 
is,  the  line  of  the  apsides. 

Armiliary  sphere,  an  instrument  composed 
of  the  principal  circles  which  are  drawn  on  an 
artificial  globe. 

Ascii,  the  inhabitants  of  the  torrid  zone ; 
so  called  because  the  sun  being  twice  a  year 
in  their  zenith,  their  bodies  at  those  times 
cast  no  shadow. 

Axis  of  the  earth,  or  of  a  planet ;  an  ima- 
ginary line  passing  through  the  centre  from 
one  pole  to  another,  round  which  they  per- 
form their  diurnal  rotation. 

Azimuths,  great  circles  which  pass  through 
the  zenith  and  nadir,  perpendicular  to  the 
horizon.  The  azimuth  of  a  celestial  body  is 
an  arc  of  the  horizon  contained  between  the 
east  and  west  points,  and  a  vertical  circle 
passing  through  the  centre  of  that  object. 

Belts,  zones  surrounding  the  body  of  Jupi- 
ter and  Saturn. 

Bissextile,  (or  Leap  Year,)  which  happens 
every  fourth  year,   contains  366  days;   one 
day  being  added  to  the  month  of  February. 
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Cardinal  points  of  the  compass ;  the  east 
west,  north,  and  south  points. 

Cardinal  points  of  the  ecliptic ;  the  first 
points  of  the  signs,  Aries,  Cancer,  Libra,  and 
Capricorn. 

Centrifugal  force,  that  force  by  which  any 
revolving  body  endeavours  to  fly  off  from  the 
centre  of  motion  in  a  tangent  to  the  circle  it 
describes. 

Centripetal  force,  the  tendency  which  a 
body  has  to  the  centre  of  its  revolution. 

Comets,  erratic  bodies  belonging  to  our  sys- 
tem, which  move  round  the  sun  in  very  ec- 
centric orbits,  distinguished  by  their  fiery  tails 
and  nebulous  aspects. 

Colures,  two  imaginary  circles,  or  meridians, 
one  of  which  passes  through  the  solstitial  points 
Cancer  and  Capricorn,  and  the  other  through 
the  equinoctial  points  Aries  and  Libra. 

Conjunction,  is  when  two  or  more  stars, 
or  planets,  are  in  the  same  part  of  the  heavens. 

Constellation,  an  assemblage  of  stars. 

Cosmical  rising  or  setting  of  a  planet,  or 
star,  is  when  it  rises  with  the  sun  in  the  morn- 
ing, or  sets  with  him  in  the  evening. 

Crystalline  heavens,  two  solid  orbs  by 
means  of  which  the  ancients  attempted  to  ac» 
count  for  the  apparent  motions  of  the  fixed 
stars. 

Cusps,  the  points  or  horns  of  the  moon,  or 
of  a  planet. 

Cycle  of  the  moon,  a  revolution  of  nineteen 
years,  in  which  time  the  conjunction  and 
lunar  aspects  are  nearly  the  same  as  they 
were  nineteen  years  before. 

Day,  (astronomical,)  the  time  between  two 
successive  transits  of  the  sun's  centre  over  the 
same  meridian,  which  always  begins  and  ends 
at  noon. 

Day,  (sidereal,)  the  time  which  elapses 
during  the  rotation  of  the  earth  from  one  star 
till  it  returns  to  the  same  star  again,  and  con- 
sists of  23  hours,  66  minutes,  4  seconds. 

Declination  is  the  distance  of  any  celestial 
object  north  or  south  from  the  equator,  reckon- 
ed in  degrees,  minutes,  etc.,  upon  a  circle 
which  is  perpendicular  to  it. 

Degree,  the  360th  part  of  a  circle,  or  the 
30th  part  of  a  sign. 

Disk  of  the  sun,  or  moon,  is  its  round  face, 
which,  on  account  of  the  great  distance  of  the 
object,  appears  flat. 

Digit,  the  12th  part  of  the  sun's  diameter, 
which  is  used  in  the  calculation  of  eclipses. 

Diurnal  motion  of  the  earth,  its  rotation 
on  its  axis. 

Eccentricity,  the  distance  between  the  cen- 
tre of  a  planet's  orbit,  and  the  focus  round 
which  it  revolves. 

Eclipse,  a  deprivation  of  the  light  of  the 
sun,  by  the  interposition  of  the  moon  ;  or  of 
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the  light  of  the  moon,  by  the  interposition  of 
the  earth. 

Ecliptic,  a  great  circle  in  the  heavens 
through  which  the  sun  apparently  makes  his 
annual  revolution  ;  but  which  is  in  reality  the 
earth's  path  round  the  sun.  It  makes  an 
angle  with  the  equator  of  23  degrees,  28 
minutes. 

Elongation,  the  annular  distance  of  a  pla- 
net from  the  sun,  as  it  appears  from  the  earth. 
It  is  applied  only  to  the  inferior  planets,  Mer- 
cury and  Venus. 

Emersion,  the  re-appearance  of  a  celestial 
body  after  having  been  eclipsed. 

Equation  of  time,  the  difference  between 
real  and  apparent  time,  or  between  that  shown 
by  a  true  clock  and  a  sun-dial.  It  depends  on 
the  obliquity  of  the  ecliptic,  combined  with 
the  unequal  motion  of  the  earth  in  its  orbit. 

Equator,  or  a  great  circle  of  the  earth  which 
separates  the  northern  from  the  southern 
hemisphere.  When  referred  to  the  heavens, 
ir  is  called  the  Equinoctial. 

Equinoxes,  two  opposite  points  in  Aries 
and  Libra,  where  the  ecliptic  cuts  the  equi- 
noctial. ¥/hen  the  sun  is  in  these  points  the 
days  and  nights  are  equal  to  each  other. 

Foci  of  an  eclipse,  two  points  in  the  longest, 
or  transverse  axis,  on  each  side  of  the  centre ; 
from  each  of  which  if  any  two  lines  be  drawn 
to  meet  each  other  in  the  circumference,  their 
sum  will  be  equal  to  the  transverse  axis. 

Galaxy,  or  the  Milky  Way,  a  luminous 
and  irregular  zone  which  encompasses  the 
heavens,  which  is  found  to  be  composed  of  an 
immense  number  of  stars. 

Geocentric  place  of  a  planet,  is  that  posi- 
tion which  it  has  when  seen  from  the  earth. 

Gibbous,  a  term  used  in  reference  to  the 
enlightened  part  of  the  moon,  from  the  first 
quarter  to  the  full,  and  from  the  full  to  the 
third  quarter. 

Gravity  or  Gravitation,  that  force  by  which 
all  masses  of  matter  tend  towards  each  other. 

Halo,  a  luminous  circle  round  the  body  of 
the  sun,  or  moon. 

Heliacal  rising  of  a  star,  is  when  it  emerges 
from  the  sun's  rays,  and  appears  above  the 
horizon  before  him  in  the  morning. 

Heliacal  setting  oi  a  star,  is  when  it  is  so 
hid  in  the  sun's  beams  as  not  to  be  seen  above 
the  horizon  after  him  in  the  evening. 

Heliocentric  place  of  a  planet,  is  that  in 
which  it  would  appear  to  a  spectator  placed  in 
the  sun. 

Hemisphere,  the  half  of  a  globe  or  sphere. 

Heteroscii,  a  name  given  to  the  inhabitants 
of  the  temperate  zones,  because  their  shadows 
at  noon  always  fall  one  way. 


Horizon,  (the  sensible,)  a  circle  which  sepa- 
rates the  visible  from  the  invisible  hemisphere 
and  forms  the  boundary  of  our  sight. 

Horizon,  (the  rational,)  a  great  circle  which 
is  parallel  to  the  former,  and  whose  poles  are 
the  zenith  and  the  nadir. 

Hour  circles,  the  same  as  meridians— mark- 
ing the  hours. 

Immersion,  the  moment  when  an  eclipse  be- 
gins, or  when  a  planet  enters  into  the  shadow 
of  the  body  that  eclipses  it. 

Inclination,  the  angle  which  the  orbit  of  one 
planet  makes  with  that  of  another,  or  with  the 
plane  of  the  ecliptic. 

Inferior  planets,  those  that  move  at  a  less 
distance  from  the  sun  than  th©  earth,  which 
are  Mercury  and  Venus. 

Latitude  of  a  place,  its  distazice  from  the 
equator,  reckoned  in  degrees  and  minutes 
upon  the  arc  of  a  great  circle. 

Latitude  of  a  star,  or  planet,  is  its  distance 
from  the  ecliptic,  reckoned  in  degrees,  etc.,  on 
the  arc  of  a  great  circle. 

Lesser  Circles  of  the  sphere,  those  whose 
planes  do  not  pass  through  the  centre,  and 
which  divide  the  sphere  into  two  unequal 
parts.  Great  circles,  as  the  equator,  meri- 
dians, etc.,  divide  the  sphere  into  two  equal 
parts. 

Libration  of  the  moon,  an  apparent  irre- 
gularity in  her  motion  on  her  axis,  by  which 
we  sometimes  see  more  than  the  usual  half 
of  her  disk. 

Longitude  of  a  place,  its  distance  east 
or  west  from  the  first  meridian,  reckoned  in 
degrees,  etc.,  upon  the  equator. 

Longitude  of  a  star  or  planet,  its  distance 
from  the  first  point  of  Aries,  reckoned  in  de- 
grees, etc.,  upon  the  ecliptic. 

Lunation,  the  time  between  one  new  moon 
and  another ;  which  is,  on  an  average,  29 
days,  12  hours,  44  minutes,  3  seconds. 

Maculae,  dark  spots  which  appear  on  the 
face  of  the  sun  ;  and  Faculae  are  bright  spots 
sometimes  seen  on  the  solar  disk. 

Magellanic  clouds,  certain  whitish  appear- 
ances in  the  heavens,  in  the  southern  hemi- 
sphere, supposed  to  consist  either  of  an  im- 
mense number  of  stars,  or  nebulae. 

Magnitudes,  the  stars  are  divided  into  six 
classes ;  the  brightest  are  called  stars  of  the 
first  magnitude ;  the  next  in  brightness,  the 
second  magnitude,  etc. 

Mean  motion  of  a  planet,  that  which  would 
take  place  if  it  moved  in  a  perfect  circle,  and 
equally  every  day. 

Meridian,  a  great  circle  of  the  sphere  which 
passes  through  the  zenith  and  the  poles,  and 
perpendicular  to  the  horizon. 
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Micrometer,  an  instrument  fitted  to  a  tele- 
scope to  measure  very  smali  angles  ;  as  the 
diameters  of  the  planets,  etc. 

Nadir,  that  point  in  the  heavens  directly 
opposite  to  the  zenith,  or  immediately  under 
our  feet. 

Nebulas,  luminous  spots  in  the  heavens,  or 
clusters  of  small  stars,  discovered  by  the  tele- 
scope. 

Nocturnal  arc,  that  space  of  the  heavens 
which  the  sun  apparently  describes^from  the 
time  of  his  setting  to  his  rising. 

Nodes,  two  points  when  the  orbit  of  the 
moon,  or  of  a  planet,  intersects  the  plane  of 
the  ecliptic. 

Nucleus,  a  term  used  to  denote  the  head  of 
a  comet. 

Oblique  ascension,  an  arc  of  the  equinoc- 
tial contained  between  the  first  degree  of 
Aries,  and  that  point  of  it  which  rises  with 
the  centre  of  the  sun  or  star. 

Oblique  sphere,  that  position  of  the  globe 
in  which  either  of  the  poles  is  elevated  above 
the  horizon  any  number  of  degrees  less  than 
ninety. 

Occultation  is  when  a  star,  or  planet,  is  hid 
from  our  sight  by  the  interposition  of  the  moon 
or  some  other  planet. 

Opposition,  an  aspect  of  the  stars  or  pIa-» 
nets  when  they  are  180  degrees  distant  from 
each  other,  marked  thus  §  , 

Orbit,  the  curve  which  a  planet  describes 
in  its  revolution  round  the  sun. 

Parallax,  the  difference  of  the  place  of  any 
celestial  object,  as  seen  from  the  surface  of 
the  earth,  and  from  its  centre. 

Parallax  of  the  eari.Ks  annual  orbit,  the 
angle  at  any  planet  subtended  by  the  distance 
Detween  the  earth  and  the  sun. 

Parallels  of  latitude,  small  circles  of  the 
sphere  which  are  drawn  parallel  to  the  equator. 

Penumbra,  a  faint  shadow  observed  be- 
tween the  perfect  shadow  and  the  full  light 
in  an  eclipse. 

Perigee,  that  point  of  the  solar  and  lunar 
orbit  which  is  nearest  the  earth. 

Perihelion,  that  point  of  the  orbit  of  a  pla- 
net nearest  the  sun. 

Periscii,  the  inhabitants  of  the  frigid  zones, 
because  their  shadows  go  round  them  for  six 
months,  or  fall  towards  opposite  points  of  the 
compass. 

Phases,  the  different  appearances  of  the 
illuminated  parts  of  the  moon,  or  planets. 

Phenomenon,  any  extraordinary  appearance 
in  the  heavens ;  as  a  comet,  etc. 

Planetarium,  an  astronomical  machine  for 
s^howing  the  motions    end  other  phenomena 
oi  the  planets. 
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Pleiades,  or  the  seven  stars,  an  assemblage 
of  stars  in  the  constellation  of  Taurus. 

Polar  circles,  two  small  circles,  23  degrees 
and  a  half  from  the  poles ;  the  arctic  in  the 
north  and  the  antarctic  in  the  south. 

Pole  star,  a  star  of  the  second  magnitude 
in  the  tail  of  the  Little  Bear ;  so  called,  be- 
cause it  is  near  the  north  pole. 

Precession  of  the  equinoxes,  a  slow  motion 
of  the  two  points  where  the  equator  intersects 
the  ecliptic,  which  go  backwards  about  50 
seconds  in  a  year. 

Quadrant,  the  fourth  part  of  a  circle;  or 
an  instrument  for  measuring  angles,  and  tak- 
ing the  altitudes  of  the  sun  and  other  heaven- 
ly bodies.    . 

Quadrature,  that  position  of  the  moon 
when  distant  90  degrees  from  the  sun ;  as  in 
the  first  and  third  quarters. 

Refraction,  the  bending  of  the  rays  of  light 
in  passing  through  the  atmosphere,  by  which 
the  heavenly  bodies  appear  more  elevated  than 
they  really  are. 

Retrograde,  an  apparent  motion  of  the 
planets,  in  some  parts  of  their  orbits,  when 
they  seem  to  go  backwards,  or  contrary  to  the 
order  of  the  signs. 

Right  ascension  is  that  degree  of  the 
equator  which  comes  to  the  meridian  with  the 
sun,  moon,  or  star,  reckoning  from  the  first 
point  of  Aries. 

Rotation,  the  motion  of  any  heavenly  body 
round  its  axis. 

Satellites,  secondary  planets  or  moons, 
which  revolve  round  the  primary  planets. 

Sextile,  an  aspect  of  the  heavenly  bodies, 
when  they  are  60  degrees  distant  from  each 
other. 

Sidereal,  of  or  belonging  to  the  stars. 

Solstitial  points,  the  first  degree  of  Cancer 
and  Capricorn  at  which  the  ecliptic  touches 
the  tropics. 

Selenography,  a  representation  of  the  moon, 
with  a  description  of  her  different  spots  and 
appearances. 

Sigr^,  the  twelfth  part  of  the  ecliptic,  or  30 
degrees. 

Sphere,  the  concavity  of  the  heavens  in 
which  the  stars  appear. 

Superior  planets,  those  v/hich  move  at  a 
further  distance  from  the  sun  than  the  earth  ; 
as  Mars,  Jupiter,  etc. 

System,  a  number  of  bodies  revolving  round 
a  common  centre,  as  ihe  planets  round  the 
sun. 

Syzigy,?i  term  usually  applied  to  the  moon, 
when  in  opposition,  or  in  conjunction,  or  when 
at  the  new  or  full. 

Telescope,  an  optical  instrument  for  the  pur- 
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pose   of  viewing  distant  objects,  particularly 

the  sun,  moon,  planets,  and  stars.   Telescopes  i-  V  . 

produce    their   effects    either    by    refraction  TFT  FS(H)PF 

ti^rough  glasses,  or  reflection  from  speculums.  itih    liiL£ibOUrili 

Telescopic  stars,  those  stars  which  are  only  •     ,        *    .     <• 

visible  by  means  of  telescopes.  All  stars  As  those  who  have  acquired  a  taste  for 
beyond  those  of  the  sixth  magnitude  are  Peck-  celestial  observatioris,  may  wish  to  know  some» 
oned  telescopic  stars.  thing  respecting  the  telescope,  we  subjoin  tha 

Torrid  zone,  that  part  of  the  earth  which  is  following  very  brief  description, 
contained  between  the  two  tropics.  There  are  two  kinds  of  telescopes  generally 

Trajectory,  a  term  applied  to  the  orbit  of  a  distinguished— the  refracting  and  the  reflect- 
Q^   i  ing  telescope,  the  former  composed  of  lenses^ 

Transit  of  a  planet  denotes  its  passing  over  or  convex  glasses,  and  the  latter  of  speculums, 
another  planet,  or  star,  or  across  the  disk  of  or  mirrors  combined  with  lenses.  A  common 
the  sun  refracting  telescope,  for  viewing  some  ot  the 

Trir^e  an  aspect  of  the  planets  when  they  celestial  bodies,  may  be  constructed  as  fol» 
are  120  degrees  distant  from  each  other.  lows  .-^Procure  a  convex  glass   whose  focal 

Trovics  two  circles  parallel  to  the  equator,   distance  is  about   three  feet.     This  may  be 

and  23  degrees  28  minutes  distant  on  each  known  by  holding  the  glass  in  the  sun  s  ray% 

side  of  it      They  are  named  Cancer  on  the   and  measuring  the  distance  between  the  glass 

'north,  and  Capricorn  on  the  south.  and  the  place  where  the  sdar  rays  are  con^ 

^  densed  into  a  small  spot.     Place  this  lens  at 

Vecior  Radius,  Si  Ime  supposed  to  be  drawn  the  end  of  a  tube  about  three  feet  two  inches 
from  any  planet  to  the  sun,  which,  moving  with  long,  in  which  there  is  a  small  sliding  tube 
the  planet,  describes  equal  areasin  equal  times,  for  fixing  the   eye»glass,   and  adjus  ing    the 

Vertical  circles,  the  same  as  azimuth  cir»  focus  for  distinct  vision.  At  the  dis  ance  of 
cles,or  such  as  are  drawn  perpendicular  to  three  feet  one  inch,  place  a  convex  glass  one 
the  horizon  ^"^^  ^^^^^  distance.     The   object  glass    will 

Prime  verticaLis  that  azimuth  circle  which  form  a  picture,  in  its  focus,  of  all  the  objects 

passes  through  the   east  and  west  points  of  ^^^'^  ^''.^'''"^'^y '''^'^'^f''^ 

th    bm-iynn  ture  Will  be  seen  magnified  in  looking  thiougli 

me  nouzou.  ^^^^    eye=glass.      The    magnifying   power,  in 

Year  ahe  solar,)  the  time  which  the  sun  this  case,  will  be  in  the  proportion  of  three 
takes  to' pass  from  one  tropic  till  it  returns  to  feet,  or  thirty-six  inches  to  one  mch;  that  is 
the  same  again,  and  is  365  days,  6  hours,  48  the  instrument  wi  I  magnify  the  diameteis  of 
sne  sdmu  '*^^'"'^^j^  all  objects  thirty-six  times,  or  make  them  ap<. 

""''rJr' (sidereal,)  "the  time  which  the  sun  pear  thirty-six  times  nearer  than  when  viewed 
takes  to  pU  from  any  fixed  star  to  the  same  by  the  naked  eye;  but  as  the  image  forrnea 
aJain,  and  is  365  days,  6  hours,  9  minutes,  9  by  the  object-glass  is  m  an  inverted  posi  H)n 
a^diu,  aiiu  jr  ^j^  terrestrial  objects  will  appear  through  it  as 

^^^""     •  turned   upside   down.     The   opening   at  the 

ZenitL  that  point  of  the  heavens  immedi-  object-glass,  which  lets  in   the   light,  should 

,  '  hpqd  ^^^  exceed  an  inch  in  diameter. 

Zodiac  a  zone  surrounding  the  heavens,  18  With  such  a  telescope,  which  may  be  con» 
Jrett^^^^^^^^  which  is  the  structed  for  five  or  six  shillings,  if  the  tube. 

Sc.     Th    orbits  of  all  the  old  planets  are  be  made  of  paper  or  pasteboard,  the  sate  Hi  es 
eciipic.        11  r  Jupiter,  the  crescent  of  Venus,  the  solar 

"t^^wSra^^  Ob.   spots,  and  the  inequalities  on^the  surface  of 

eei^errhe^havens:  somewhat  similar  to  the  moon  may  be  distinguished       Gaileo  . 
*h    MIW  Wav  telescope,  with  which  he  made  the  first  dis- 

zlml  division  of  the  sphere  between  two  coveries  in  the  heavens,  did  not  magnify  more 
parallels  of  latitude.     There  are  five  zones;  than  such  a  telescope, 
one  torrid,  two  temperate,  and  two  frigid.  (1031) 
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PART  I. 

l-HE  NATURE,  PROPERTIES,  AND  BENEFICIAL  EFFECTS  OF  THE  ATMOSPHERE 
IN  THE  SYSTEM  OF  NATURE,  AND  THE  EVIDENCES  WHICH  ITS  CONSTITU- 
TION   AFFORDS    OF    THE    WISDOM    AND    BENEFICENCE    OF    THE    CREATOR. 


INTRODUCTION, 

All  the  works  of  God,  throughout  the  Im-  they  shed  around  them-— the  numerous  aiii- 
mensity  of  the  universe,  display  the  charac-  mated  beings  which  traverse  the  air,  the  ocean, 
ter,  perfections,  and  agency  of  the  Supreme  and  the  earth,  and  the  ample  provision  which 

Creator,  to  every  rational  and  Christian  mind  is  made  for  their  subsistence  and  comfort — we 

that  surveys  them  with  attention  and  intelli-  can  scarcely  fail  of  being  impressed  with    the 

gence.     From  the  magnificent  luminaries  of  conviction,  that  the  Creator  is  a  being  of  un- 

heaven   to  the  comparatively  small  globe  on  bounded  beneficence,  that  •'  His  tender  mercies 

which  we  dwell,  and  the  smallest  microscopic  are  over  all  his  works,"  and   that  the   happi- 

animalcule  that  glides  through  its  waters,  we  ness  of  his  sensitive  and  intelligent  offspring 

perceive  the  impress  of  omnipotence  and  skill,  is   one   great   end   of  all   his   arrangements, 

which   infinitely  surpass  all  the  puny  labours  When  we  consider  the  curious  and  exquisite 

and  inventions   of  man.     These  works  were  structure  of  all   the  vegetable  tribes,  the  nu- 

evidently  intended  by  their  Divine  Author  to  merous  vessels  with  which  they  are  furnished, 

be  investigated,  contemplated,  and  admired  by  the   thousands  of  delicate  tubes,  invisible  to 

all  his  intelligent  offspring,  that  their  concep»  the  naked  eye,  through   which  the   sap  and 

tions  of  the  Divine  character  may  be  expand-  juices  are   continually  flowing   to  the   leaves 

ed,  and  that  they  may  be  led  to  give  unto  Him  and   branches,  the  millions  of  pores  through 

"  the  glory  due  unto  his  name."     The  en»  which  they  shed  their  delicious  odours,  and 

lightened  Christian,  therefore,  ought  to  devote  the  curious  contexture  and  the  numerous  beau- 

a  portion  of  his  time  and  attention  to  the  study  ties  which  the  microscope  alone  can  discover 

and   contemplation  of  the  works  of  God,  not  in  their  leaves,  prickles,  stamens,  petals,  and 

only  as  a  rational  amusement,  but  as  a  solemn  flowers  : — when  we    consider    the    numerous 

duty  ;  for,  in  numerous  passages  in  the  sacred  orders  of  animated  beings — the  wonderful  di- 

records,   this   duty   is   expressly    inculcated:  versity  of  structure  they  exhibit,  in  their  eyes, 

*'  Lift  up  your  eyes  on  high,  and  behold  who  ears,  feet,  joints,  claws,  wings,  and  movements 

hath  created  these  things"— "  Stand  still,  and  —their  numberless  contrivances  which  enter 

consider  the  wondrous  works  of  God" — The  into    their   construction    and    functions — the 

works  of  the  Lord  are  great,  sought  out  of  all  thousands  of  adjustments,  adaptations,  borings, 

them  that  have  pleasure  therein" — "  Great  and  claspings,  and  polishings,  which  enter  into  the 

marvellousarethy  works,  Lord  God  Almighty."  body  of  an  animal  a  thousand  times  less  than. 

When  we  look  around  on  the  surface  of  the  a  mite— the  adaptation  of  all  these  contriv- 
earth,  and  behold  the  beautiful  and  sublime  ances  to  the  purposes  of  life,  motion,  and  en- 
landscapes  which  diversify  its  aspect,  the  joyment,  and  their  correspondence  to  the  sur- 
variety  of  colours  with  which  it  is  adorned,  rounding  elements  in  which  such  creatures 
the  myriads  of  trees,  shrubs,  and  flowers  which  pass  their  existence  : — and,  in  particular,  when 
s|)ring  from  its  surface,  and  the  rich  perfumes  we  contemplate  the  structure  and  functions  of 
(7)  (1039) 
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our  own  corporeal  frames ;  the  hundreds  of 
bones  of  different  shapes  and  sizes  which  sup- 
port it ;  the  hundreds  of  muscles  of  different 
conformation,  which  give  motion  to  its  diffe- 
rent parts  ;  the  thousands  of  glands,  secreting 
humours  of  various  kinds  from  the  hlood  ;  the 
thousands  of  lacteal  and  lymphatic  tubes,  ab- 
sorbing and  conveying  nutriment  to  the  cir- 
culating fluid;  the  millions  of  pores,  through 
which  the  perspiration  is  continually  flowing  ; 
the  infinite  ramification  of  nerves,  diffusing 
sensation  throughout  all  the  parts  of  this  ex- 
quisite machine ;  and  the  numerous  veins 
and  arteries  which  convey  the  whole  mass  of 
blood  through  every  part  of  the  body  ten  times 
every  hour  : — when  we  consider  these  adapta- 
tions and  arrangements  throughout  the  vege- 
table and  the  animal  kingdoms,  we  perceive 
the  marks  of  a  Divine  intelligence  and  skill, 
which  completely  throw  into  the  shade  the 
most  exquisite  contrivances  of  human  genius, 
and  which  convince  us  that  the  wisdom  of  the 
Creator  is  infinite,  and  "his  ways  past  find- 
ing out."" 

In  short,  when  we  lift  our  eyes  beyond  the 
boundaries  of  the  globe  on  which  we  dwell, 
and  look  upwards  to  that  boundless  firmament 
where  suns  unnumbered  shine,  and  planets 
and  comets  run  their  ample  rounds — when  we 
behold  ten  thousand  times  ten  thousand  of  lu- 
minous and  opaque  globes  of  vast  dimensions, 
scattered  in  magnificent  profusion  throughout 
every  region  of  infinite  space ;  when  we  con- 
template the  sun  occupying  a  space  which 
would  hold  one  million  three  hundred  thou- 
sand worlds  such,  as  ours ;  and  when  we  con- 
template globes  fourteen  hundred  times  larger 
than  our  world,  flying  through  the  voids  oi 
space  with  a  velocity  of  thirty  thousand  miles 
an  hour,  and  carrying  along  with  them  in  their 
rapid  career  a  retinue  of  surrounding  worlds 
— we  behold  the  effects  of  a  Power  which  all 
the  subordinate  intelligences  in  the  universe 
can  never  control,  a  power  before  which  the 
mightiest  achievements  of  human  art  sink 
into  the  same  scale  with  the  fiutterings  oi  a 
microscopic  animalcule;  a  power  which  as- 
tonishes and  confounds  the  imagination,  which 
sets  at  defiance  human  calculations,  but  which 
conveys  to  the  mind  a  most  impressive  idea 
of  the  grandeur  of  the  Divine  Being,  and  of 
the  magnificence  of  that  universe  which  his 
hands  have  formed  ! 

It  is  not  merely  in  the  scenes  of  the  visible 
world  that  the  attributes  of  Deity  are  con- 
spicuously displayed.  Even  in  the  invisible 
regions  of  creation,  which  are  impalpable  to 
the  organs  of  human  vision,  the  perfections  of 
the  Eternal  Mind  are  no  less  apparent  to  the 
philosophic  and  Christian  inquirer,  than  in 
those  external  scenes  of  beauty  and  magnifi- 
cence which  arrest  the  attention  of  every 
(1040) 


spectator.  Could  we  descend  to  the  centra! 
regions  of  our  globe,  and  contemplate  the  pro- 
cesses which  are  going  on  in  those  unexplored 
and  unexplorable  recesses;  could  we  pene- 
trate into  the  depths  of  the  ocean,  and  survey 
the  multiplicity  of  objects  which  lie  concealed 
in  its  unfathomable  caverns  ;  could  we  ascend 
on  the  wings  of  the  wind  with  the  vapours 
which  rise  from  its  surface,  and  contemplate 
all  the  regions  and  transformations  through 
which  they  pass,  till  they  again  descend  in 
refreshing  rains  on  the  mountains  and  vales  ; 
could  we  wing  our  flight  beyond  the  denser 
regions  of  the  atmosphere  into  those  places 
where  fire-balls  and  shooting-stars  have  their 
origin,  and  where  the  aurora  borealis  displays 
its  fantastic  coruscations;  could  we  ascend  to 
the  ethereal  spaces  which  intervene  between 
us  and  the  celestial  bodies,  and  investigate 
those  apparently  empty  regions  which  sur- 
round the  atmospheres  of  all  the  planets;  or, 
could  we  penetrate  into  the  chemical  pro- 
cesses and  changes  which  are  incessantly 
going  on  among  the  invisible  atoms  of  matter, 
in  the  union  and  disunion  of  the  different 
gases,  in  the  various  modifications  of  crystal- 
lization, in  the  circulation  of  the  sap  and 
juices  in  the  minutest  flowers,  and  in  the  in- 
ternal  vessels  of  microscopic  animalcules;  we 
should  doubtless  behold  the  operations  of  a 
Wisdom  and  Intelligence  no  less  admirable 
and  astonishing  than  what  is  displayed  in  the 
visible  scenes  of  nature  which  are  obvious  to 
every  eye. 

Of  those  invisible  regions  of  nature  now 
alluded  to,  the  atmosphere  is  one  in  which 
we  are  particularly  interested,  and  which  ex° 
hibits  a  striking  scene  of  Divine  wisdom  and 
beneficence. 

The  term  atmosphere  may  be  defined  to  be 
"  that  body  of  air,  vapours,  electric  fluid,  and 
other  substances  which  surround  the  earth  to 
a  certain  height."  This  mass  of  fluid  matter 
gravitates  towards  the  earth,  presses  upon  its 
surface  with  a  certain  force,  revolves  with  it 
in  its  diurnal  rotation,  and  is  carried  along 
with  it  in  its  course  round  the  sun,  at  the  rate 
of  sixty-eight  thousand  miles  an  hour.  This 
fluid  mass  is  invisible  to  the  corporeal  organs ; 
and  hence,  the  great  body  of  mankind  are 
apt  to  imagine  that  the  regions  around  us,  in 
which  the  birds  fly,  and  the  clouds  move,  are 
nothing  else  than  empty  space ;  and,  were  it 
not  that  they  sometimes  hear  its  sound  in  the 
breeze,  and  feel  its  effects  in  the  whirlwind 
and  the  storm,  they  would  be  disposed  to  deny 
that  such  a  thing  as  the  atmosphere  had  an 
existence.  There  is,  however,  no  appendage 
to  our  globe  which  is  so  essentially  requisite 
to  the  comfort,  and  even  to  the  very  existence 
of  animated  beings;  for,  were  the  earth  and 
the  ocean,  the  springs  and  the  rivers,  to  re* 
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main  as  they  now  are,  but  were  the  hand  of  force  with  which  it  presses  on  all  bodies 

Omnipotence  to  detach  from  our  globe  the  at-  on  the  surface  of  the  earth, 

mosphere  with  which  it  is  now  environed,  it  III.  To  exhibit  several  facts  which  the  pres- 
is  absolutely  certain   that,  in  a  few  minutes,  sure  of  the  atmosphere  tends  to  illustrate, 

and  after  a  few  sighs  and  groans,  all  the  eight  IV.  To  illustrate  the  elasticity  of  the  air,  and 
hundred  millions  of  men  that  now  people  the  the  effects  it  produces, 

earth,  and  all  the  other  animated  beings  that  V,  To  offer  some  considerations  for  illustrat- 
traverse   the   air,  the  waters,   and    the  land,  ing  the  height  of  the  atmosphere,  or  its 

would  sink  into  the  slumbers  of  death,  and  dis-  elevation  above  the  surface  of  the  earth, 

appear  for  ever  from  the  living  world.  VT.   To   illustrate    its   composition ;    or,    the 
In  elucidating  this  subject,  the  observations  chemical  principles  of  which  common  at- 

that  will  be  made  may  be  arranged  under  the  mospherical  air  is  composed, 

following  heads: —  VII.  To  illustrate  its  beneficial  effects  in  the 

system  of  nature. 

I.  To  prove  that  air  exists,  and  that  it  is  a  VIII.  To  exhibit  the  evidences  which  its  con- 
material  substance.  stitution  affords  of  the  wisdom  and  be- 
ll. To  consider  its  weight  or  gravity,  and  the           nevolence  of  the  Creator. 


CHAPTER  I. 

Air  is  a  Material  Substance* 


The  first  inquiry,  then,  is,  What  is  that  dows  of  a  third  story  to  preserve  themselves 
air,  of  the  importance  of  which  we  hear  so  from  being  involved  and  destroyed  in  the 
much  asserted]  We  see  nothing,  it  may  be  burning  mass.  The  circumstances  now  stated 
said — we  feel  nothing.  We  feel  ourselves  at  prove,  that  there  is  a  certain  material  sub- 
liberty  to  move  about  without  any  let  or  hin-  stance,  though  invisible,  around  us,  which 
drance.  Whence,  then,  the  assertion  that  we  oflers  a  sensible  resistance  to  any  body  having 
are  surrounded  by  a  substance  called  air]  A  a  large  Surface  when  it  is  pushed  rapidly 
few  facts  and  illustrations  only  will  be  sufli-  through  it. 
cient  to  elucidate  this  position.  3.  That  air  is  a  material  substance,  appears 

1.  If  we  take  a  rod  and  make  it  pass  from  its  excluding  all  other  bodies  from  the 
rapidly  through  what  appears  empty  space,  place  it  occupies.  Thus,  if  we  take  a  glass 
we  shall  hear  a  sound  and  feel  a  slight  resist-  jar,  and  plunge  it  with  its  mouth  downwards 
ance,  as  if  something  bad  intervened  to  pre-  into  a  vessel  of  water,  only  a  very  small  quan- 
vent  the  motion  of  the  rod.  tity  of  water  will  get  into  the  jar,  because  the 

2.  If  we  take  a  large  fan,  or  an  umbrella,  air,  of  which  the  jar  is  full,  keeps  the  water 
when  fully  stretched,  and  push  it  forcibly  out;  otherwise,  if  it  were  empty  of  every  ma- 
from  us,  we  shall  feel  a  very  considerable  re-  terial  substance,  the  water  would  rush  in  and 
sistance,  and  a  person  opposite  will  feel  a  cer-  completely  fill  the  jar.  Hence,  we  may  learn 
tain  impression  made  upon  his  face,  as  if  some  why  a  vessel  cannot  be  filled  with  water  by 
substance  had  come  in  contact  with  it.  Were  plunging  its  orifice  downward,  and  why  u 
we  to  take  a  very  large  umbrella — say  from  funnel,  if  its  pipe  fit  closely  to  the  neck  of  as 
twelve  to  fifteen  feet  in  diameter — and  stand  bottle,  is  not  convenient  for  pouring  off  liquors; 
on  the  top  of  a  high  stair,  or  a  building,  twenty  for,  in  order  to  put  water  or  wine  into  a  bottle, 
or  thirty  feet  high,  we  might  jump  from  such  the  air  must  pass  between  the  neck  of  the 
a  position,  while  we  hold  it  fully  stretched,  bottle  and  the  funnel,  to  let  the  air  out  as  the 
and  gradually  descend  to  the  ground,  without  water  rushes  in.  And  hence,  the  practice  in 
violence  or  injury.  It  is  on  this  principle  that  such  cases,  suggested  by  necessity,  of  pulling 
the  instrument  called  a  parachute  is  construct"  up  the  funnel  a  Httle  when  the  liqtior  stops, 
ed,  by  means  of  which  an  aeronaut,  while  in  order  to  let  the  air  rush  out  between  the 
pursuing  his  aerial  excursions,  has  left  his  pipe  and  the  neck  of  the  bottle.  It  is  on  the 
balloon,  when  elevated  nearly  a  mile  above  principle  now  stated,  that  the  diving  bell  is 
the  surface  of  the  earth,  and  descended  in  a  constructed,  by  which  a  person  may  descend 
few  minutes  to  the  ground,  without  shock  or  to  a  considerable  depth  into  the  sea,  and  yet 
accident.  Perhaps  some  contrivance  of  this  not  be  immersed  in  water,  nor  deprived  of  air 
kind  might  be  useful  to  prevent  accidents  in  for  breathing. 

the  case  of  fires  in  large  towns — when  per-       4.  If  we   take   a  smooth   cylindrical   tube 
hons  have  attempted   to  jump  from  the  win-  shut  at  one  end,  and  fit  a  plug  or  cork  exactly 
131  4T  (1041), 
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to  its  open  end,  so  as  to  slide  along  it,  if  the  object  of  sight.     If  we  take  a  telescope  of 

plug  be  so  tight  and  soaked  with  grease,  as  to  high  magnifying  power,  and,  in  she  forenoon 

prevent  all  passage  of  any  fluid  by  its  sides^  of  a  hot  summer  day,  when  the  sun  is  shining, 

we  shall  find  that  no  force  whatever  can  push  look  through  it    to  distant  objects,  we    shall 

at  to  the  bottom  of  the  tube.     There  is,  there-  perceive  the  air  undulating  about  the  objects 

fore,  something  within  the  tube,  though  invisi-  somevv^hat  like    the   waves   of  the    sea,   and 

ble,  which  prevents  the  entry  of  the  plug,  and,  rendering  them  undefined  and  obscure-.     This 

therefore,  possessing  the  characteristic  of  mat-  is  the  principal  reason  why  very  high  magni- 

ter,  and  this  something  is  air.  fyij^g  powers  cannot  be  used,  with  elfect,  on 

5.  Let  us  take  a  pair  of  common  bellows,  telescopes  for  land  objects,  in  the  day-time, 
and,  after  having  opened  them,  if  we  shut  up  when  the  son  produces  undulations  in  the  at" 
the  nozzle  and  valve-hole,  and  try  to  bring  the  mosphere ;  and  the  same  cause  frequently 
boards  together,  we  shall  find  it  impossible,  prevents  distinct  vision  of  celestial  objects. 
There  is  something  included  that  prevents  The  above  are  clear  proofs  that  the  air, 
4his,  in  the  same  manner  as  if  the  bellows  though  not  generally  an  object  of  sight,  is, 
were  filled  with  flax  or  wool ;  but,  on  opening  in  reality,  a  material  substance,  as  much  so  as 
the  nozzle,  we  can  easily  shut  them  by  expel-  water,  wood,  stones,  or  iron.  This  substance^ 
ling  this  something  that  is  within,  which  will  in  a  state  of  rest,  we  call  air ;  in  a  state  of 
issue  with  considerable  force,  and  impel  any  motion,  we  call  it  wind ;  and,  in  this  slate,  its 
thing  that  lies  in  its  way.  This  something  force  is  sometimes  so  great  as  to  drive  our 
can  be  nothing  else  than  the  air  of  the  atmo-  wind-niills,  impel  our  ships  across  the  ocean, 
sphere.  and  even  to  overturn   buildings,   to  tear  up 

6.  The  air,  though  for  the  most  part  in-  from  their  roots  the  largest  trees,  and  to  dash 
Tisible,  may,  in  certain  cases,  be  rendered  an  whole  fleets  to  pieces  of  wreck. 


CHAPTER  n, 

TTie  Weight  and  Pressure  of  the  AtmGsphere^  and  the  Quantity  of  Matter  it  coniainso 

As  air  is  demonstrated  to  be  a  body,  like  the  general  results  of  all  the  experiments 
all  other  material  substances,  it  must  have  which  have  been  made  on  this  point,  lead  t© 
weight,  and  the  proportion  its  weight  bears  the  conclusion  that  air  is  somewhere  between 
to  other  known  substances  is  determined  by  eight  hundred  and  nine  hundred  times  lighter 
experiment.  If  a  bottle  which  contains  about  than  water,  These  results,  however,  musi 
a  quart  be  emptied  of  its  air  by  means  of  an  be  understood  solely  to  apply  to  the  air  near 
air-pump,  or  in  any  other  way,  and  then  the  surface  of  the  earth  ;  for  as  we  ascend  in- 
accurately  weighed  in  a  nice  balance,  it  will  to  the  higher  regions  of  the  atmosphere,  th@ 
be  found  to  be  about  sixteen  grains  lighter  air  becomes  gradually  thinner  and  lighter, 
than  it  was  before  it  was  emptied  of  its  air,  being  less  pressed  with  the  air  that  is  above. 
which  shows  that  a  quartof  air  weighs  sixteen  We  may  now  attend  to  the  pressure  which 
grains.  A  quart  of  water  weighs  about  the  atmosphere  exerts  upon  the  surfj^ce  of  the 
14,620  grains,  or  nearly  two  pounds.  If  earth,  and  upon  all  bodies  connected  with  it, 
this  last  number  be  divided  by  sixteen,  the  It  has  been  proved  by  a  variety  of  accurate 
quotient  will  be  nine  hundred  and  thirteen,  experiments,  that  the  atmosphere  presses  on 
which  shows  that  air  is  nine  hundred  and  every  part  o^  the  earth's  surface  with  a  forcpy 
thirteen  times  lighter  than  water ;  or,  in  at  an  average,  equal  to  about  fifteen  pounds 
other  words,  that  it  would  require  above  nine  on  every  square  inch.  This  has  been  ascer» 
hundred  quart-bottles  of  air  to  weigh  one  tained  by  what  is  called  the  Toricellian 
quart-bottle  of  water.  Other  experiments  experiment.  Take  a  glass  tube  about  three 
which  have  been  made  to  determine  this  point,  feet  long,  open  at  one  end,  and  hermetically 
lead  to  the  result  that  for  every  cubic  foot  of  sealed  at  the  other :  fill  it  with  quicksilvers, 
air,  five  hundred  and  twenty-three  grains,  or,  putting  the  finger  upon  the  open  end,  turn  thai 
one  and  one-fifth  ounce  avoirdupois,  are  to  be  end  downwards,  and  immerse  it  in  a  small  ves« 
allowed ;  and,  since  a  cubic  foot  of  water  sel  of  quicksilver  without  admitting  any  air, 
weighs  1,000  ounces,  the  one  divided  by  the  then  take  away  the  finger,  and  the  quicksilver 
other  gives  a  result  of  eight  hundred  and  will  remain  suspended  in  the  tube  about 
thirty-three,  the  number  of  times  that  water  twenty-nine  and  a  half  inches  above  its  surface 
is  heavier  than  air.  It  is  impossible  to  arrive  in  the  vessel,  sometimes  more  and  sometimes 
jut  .very  great  nicety  in  such  estimates;  bat  less,  according  tt>  the  state  of  the  atmosphere. 
X1042) 
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ft  is  evident,  then,  that  the  quicksilver  is  kept 
lip  in  the  tube  to  this  elevation  by  the  pressure 
of  the  atmosphere  upon  the  surface  of  the 
mercury  in  the.  basin;  for,  if  the  basin  and 
iube  are  put  under  a  glass,  and  the  air  ex- 
tracted, all  the  quicksilver  in  the  tube  will 
fall  down  into  the  basin ;  and,  if  the  air  be 
re-admitted,  it  will  rise  to  the  same  height  as 
before ;  or,  if  an  opening  be  made  in  the  top 
of  the  tube  and  the  air  admitted,  the  quick- 
silver will  sink  into  the  basin.  The  pressure, 
therefore,  by  the  atmosphere  on  the  earth,  is 
the  same  as  if  a  coating  of  quicksilver  twenty- 
nine  and  a  half  inches  thick  were  spread  over 
every  part  of  the  earth's  surface. 

Now,  it  is  proved  that  a  square  column  of 
quicksiilver  twenty-nine  and  a  half  inches  in 
height,  and  one  inch  thick,  weighs  just  fifteen 
pound?,  which  counterpoise  a  column  of  air 
of  the  same  thickness,  extending  to  the  top 
of  the  atmosphere  ;  and,  consequently,  that 
air  presses  with  this  force  upon  every  square 
inch  of  the  earth's  surface  ;  and,  of  course, 
3160  pounds  on  every  square  foot,  and  19,440 
on  every  square  yard.  The  experiment  now 
described  is,  in  fact,  nothing  else  than  the  com- 
mon barometero  The  tube  of  the  barometer 
is  filled  with  quicksilver,  or  mercury  ;  it  then 
stands  in  a  basin  of  quicksilver,  is  connected 
with  a  bail  containing  quicksilver,  on  the  sur- 
face of  which  the  atmosphere  presses,  and,  in 
most  cases,  stands  at  an  elevation  of  about 
twenty-nine  and  a  half  inches,  but  subject  to 
certain  variations,  according  to  the  state  of 
the  atmosphere.  When  the  weather  is  steady 
and  serene,  it  rises  to  above  thirty  inches; 
when  it  is  stormy  and  rainy,  it  frequently 
sinks  to  twenty-eight  inches,  or  under,  thus 
indicating  the  changes  that  take  place  in  the 
weight  of  the  air ;  and  hence  it  has  obtained 
the  name  of  the  weather-glass. 

Were  the  same  experiment  made  with 
water,  instead  of  mercury,  a  tube  must  be  pro- 
vided of  about  thirty-six  feet  long ;  and  then 
at  would  be  found,  that  the  water  in  the  tube 
would  be  supported  by  the  atmospheric  pres- 
sure to  the  height  of  thirty-two  or  thirty-three 
feet.  This  costly  experiment,  which  has  been 
seldom  repeated,  was  first  performed  by  the 
oel-ebrated  Pascal,  at  Rouen,  in  Normandy,  in 
1647.  He  exhibited  the  experiment  both 
with  water  and  with  wine,  in  order  to  shew 
the  different  heights  to  which  these  fluids 
would  rise,  according  to  their  respective  den- 
sities. He  procured,  at  a  glass-house,  tubes 
of  crystal  glass  forty  feet  long,  which  were 
fixed  to  the  mast  of  a  ship,  that  was- contrived 
to  be  raised  or  depressed,  as  occasion  reqjuired. 
He  appointed  a  day  for  performing  this  ex- 
periment, and  invited  all  the  philosophers  and 
others  who  doubted  of  the  pressure  of  the  at- 
mosphere to  attend,  and  to  be  witnesses  of  the 


wonderful  nature  of  his  experiment.  The  re- 
suit  was,  according  to  the  calculations  he  had 
previously  made,  that  the  altitude  of  water  in 
the  tube  was  thirty-one  and  one-ninth  Paris  feet, 
equal  to  thirty-two  feet  two  and  a  half  inches 
English  ;  and  the  altitude  of  the  wine  was 
somewhat  greater,  namely,  thirty-one  and  two- 
thirds  Paris  feet,  thirty-two  feet  ten  inches 
EngUsh  ;  the  wine,  on  account  of  its  superior 
levity,  rising  about  seven  and  a  half  inches 
higher  than  the  water.  He  performed  this  ex- 
periment to  convince  the  Aristotelian  philo- 
sophers of  those  times  of  the  folly  of  a  notion 
which  then  prevailed,  that  the  rise  of  the  mer- 
cury in  the  Torricellian  experiment  and  the 
rise  of  water  in  pumps  were  produced,  not  by 
the  pressure  of  the  atmosphere,  but  by  an 
occult  quality,  which  they  denominated  '*  Na- 
ture's abhorrence  of  a  vacuum."  They  as- 
serted that,  in  the  upper  part  of  the  tube,  de« 
serted  by  the  quicksilver,  there  were  contained 
some  spirits,  evaporated  from  the  quicksilver ; 
which,  being  rarefied,  filled  up  that  space,  thus 
assisting  Nature,  in  a  great  emergency, 
against  her  mortal  enemy,  a  vacuum.  "  Well, 
then,  gentlemen,"  says  Pascal,  "  take  your 
own  way.  Here  are  two  tubes,  the  one  I  am 
to  fill  with  water,  and  the  other  with  wine. 
You  will  all  readily  admit  that  there  is  a 
greater  quantity  of  spirits  in  wine  than  in 
water:  and,  consequently,  that  if  the  empty 
space  between  the  upper  surface  of  the  fluids 
and  the  top  of  the  tube  be  filled  with  spirits, 
there  will  be  a  greater  quantity  of  spirits  in 
the  upper  part  of  the  tube  containing  the  wine, 
than  in  the  tube  containing  the  water  ;  and, 
of  course,  the  wine  will  not  rise  so  high  as 
the  water."  To  this  they  all  readily  assented. 
But,  when  the  experiment  was  made,  the  wine 
was  found  to  rise  nearly  eight  inches  higher 
than  the  water,  as  Pascal  had  previously  cal- 
culated and  predicted.  This  experiment  was 
decisive  ;  and,  since  that  period,  the  figment 
of  "  Nature's  abhorrence  of  a  vacuum,"  along 
with  many  other  absurdities,  has  been  con- 
signed to  the  slumberof  the  dark  ages  whence 
it  originated. 

A  few  years  before  the  period  now  alluded 
to,  the  engineers  of  the  Grand-duke  of  Flo- 
rence, having  received  orders  to  raise  a  portion 
of  water  to  the  height  of  fifty  or  sixty  feet, 
by  means  of  a  common  pump,  perceived,  when 
they  had  made  the  attempt,  that  the  pump  re- 
fused its  assistance  when  the  water  was  to  be 
raised  above  thirty-two  feet.  They  communi- 
cated the  circumstance  to  Galileo,  an  eminent 
philosopher  of  that  age,  and  asked  him  the 
reason  of  it.  Galileo  was  not  a  little  surpri- 
sed, and  was  unprovided  with  an  answer.  He, 
however,  put  a  good  face  on  the  aflfair,  and 
gravely  replied,  that  "■  Nature  abhorred  a  va 
cuura  only  to  the  height  of  thirty-two  feet," 
(1043) 
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Torricelli,  the  disciple  of  Galileo,  vexed  at  the 
water's  refusing  to  ascend  more  than  thirty- 
two  feet  in  a  tube  void  of  air,  made  anew  ex- 
periment with  quicksilver,  in  the  manner  al- 
ready described.  He  saw  the  quicksilver  in 
the  tube  fall  down,  and  leave  an  empty  space 
at  top,  and  remain  suspended  at  the  height  of 
twenty-nine  inches.  "  How,"  says  he,  "  Na- 
ture abhors  a  vacuum  only  to  the  height  of 
thirty-two  feet  when  it  is  water  that  ascends 
in  a  tube  void  of  air,  and  only  to  twenty-nine 
inches  when  it  is  mercury  !  Vacuum  does 
not  frighten  her  beyond  these  measures  !  But 
why  does  she  fear  it  to  far  more  than  twenty- 
nine  inches  when  it  is  water  that  rises  1  Ve- 
ry likely  this  horror  at  vacuity  is  an  idle  fancy, 
a  mere  philosophical  cant,  which  we  take  for 
good  coin  without  understanding  it."  Reason- 
ing in  this  way,  and  repeating  a  variety  of 
similar  experiments,  he  was,  at  length,  led  to 
the  conclusion  "  that  the  diversity  of  the  ele- 
vation of  the  two  different  fluids  proceeded 
from  the  diversity  of  their  weight,  and  that 
they  were  supported  and  counterpoised  by  a 
column  of  air,  of  the  same  diameter,  reaching 
the  top  of  the  atmosphere,"  Here  the  mat- 
ter rests,  and  will  rest  throughout  all  succeed- 
ing generations. 

This  short  sketch  of  the  history  of  the  ex- 
periments which  relate  to  the  pressure  of  the 
atmosphere  will  not  be  altogether  out  of  place, 
if  it  has  a  tendency  to  guard  us  against  the 
influence  of  preconceived  notions,  foolish  pre- 
judices, and  of  the  authority  of  great  names, 
which  are  some  of  the  greatest  obstructions 
to  the  expansion  of  the  human  mind,  and  the 
reception  of  useful  knowledge.  It  was  not 
before  men  began  to  emancipate  themselves 
from  such  shackles  that  science  commenced 
that  brilUant  career  which  has  issued,  in  our 
times,  in  so  many  interesting  and  important 
discoveries.  Similar  prejudices  are  still  pre- 
valent in  relation  to  the  affairs  of  common 
life,  the  facts  of  science,  and  the  important 
truths  of  religion.  We  are  only  yet  begin- 
ning to  cast  off  the  yoke  of  that  ignorance, 
under  the  guise  of  wisdom,  under  which  the 
men  of  other  times  bowed  with  such  abject 
submission.  Religious  prejudices,  in  particu- 
lar derived  from  education  and  submission  to 
mere  authority,  are  frequently  so  strong  that 
no  species  of  reasoning,  however  convincing 
to  an  unbiased  mind,  is  sufficient  to  subdue 
them.  When  certain  dogmas  or  opinions, 
however  futile,  have  got  a  firm  hold  on  the 
mental  faculties,  all  the  arguments  that  can  be 
derived  from  reason  and  philosophy,  and  even 
from  the  most  cogent  announcements  of  Di- 
vine revelation,  are  found  altogether  insuffi- 
cient to  displace  them.  iVnd,  as  the  fostering 
of  erroneous  opinions,  in  relation  to  religion, 
may  endanger  our  best  interests,  both  in  rela- 
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tion  to  the  life  that  now  is  and  the  life  to  come, 
it  is  of  the  utmost  importance  to  all,  and, 
especially  to  young  persons,  that  they  examine, 
with  care  and  without  prejudice,  every  doctrine 
and  opinion  they  embrace,  vi'ithout  regard  to 
human  authority  ;  founding  all  their  views 
and  sentiments  on  the  dictates  of  enlightened 
reason,  and  the  plain  declarations  of  the  word 
of  God. 

From  what  has  been  now  stated,  we  may 
easily  compute  the  weight  sustained  by  the 
body  of  a  middle-sized  man,  in  coneequence 
of  the  pressure  of  the  atmosphere.  Suppose 
the  average  stature  of  the  human  body  to  be 
about  five  feet  nine  inches;  suppose  the 
breadth  in  front  to  be  about  one  foot,  and  the 
breadth  on  each  side  half  a  foot ;  by  allowing 
a  little  deduction  for  the  narrowness  of  the 
head  and  feet,  we  may  reckon  about  five  feet 
in  front,  and  five  for  the  back  part,  and  tvi^o 
and  a  half  square  feet  for  each  side  of  the 
body,  or  fifteen  square  feet  in  all.  It  has  al- 
ready been  stated  that  the  atmospheric  pres- 
sure on  one  square  foot  isSlfiOpounxls.  Mul- 
tiply this  sum  by  fifteen,  the  number  of  square 
feet  on  the  surface  of  the  human  body,  and 
the  product  will  be  32,400  pounds,  or  some- 
what more  than  fourteen  tons,  or  the  weight 
of  more  than  fourteen  ordinary  cart-loads  of 
heavy  goods.  This  is  the  pressure  sustained  by 
every  middle-sized  man — a  pressure  which 
would  be  insupportable,  and  even  crush  us 
to  pieces,  were  it  not  that  it  is  equal  in  every 
part;  pressing  with  the  same  force  upwards, 
downwards,  and  on  every  side  ;  and  is  at  the 
same  time,  counterbalanced  by  the  spring  of 
the  air  within  us,  which  is  diffused  through 
the  whole  body,  and  re-acts  with  an  equal 
force  against  the  outward  pressure.  This 
pressure,  however,  is  somewhat  different  at 
(lifferent  times.  When  the  air  is  lightest,  the 
pressure  is  31 ,150  pounds,  and,  when  heaviest, 
about  33,660  pounds,  making  a  difference  of 
about  2500  pounds,  the  weight  with  which 
we  are  compressed  more  at  one  time  than  at 
another.  This  great  difference  in  the  atmo- 
spheric pressure  is  found  greatly  to  affect  the 
animal  functions  and  the  state  of  health.  A 
person  labouring  under  an  asthmatical  com- 
plaint will  find  his  disorder  increased  when 
the  air  is  light,  as  it  has  then  less  elasticity, 
and  is  not  so  capable  of  expanding  the  lungs. 
The  air  is  generally  the  lightest  in  hazy  and 
rainy  weather,  when  the  clouds  descend,  and 
the  mists  cover  the  mountain  tops.  Every 
one  then  feels  the  effect,  by  a  certain  degree 
of  lassitude  and  depression  of  spirits,  occa- 
sioned by  the  surrounding  gloom,  and  by 
being  deprived  of  an  atmospheric  pressure 
amounting  to  more  than  2000  pounds.  The 
fibres  of  the  body  are  relaxed,  the  contractile 
force  of  the  muscles  diminished,  and  a  languid 
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circulation  of  the  fluids  ensues,  which  some- 
times produce  obstructions,  fevers,  and  head- 
aches ;  and,  in  most  persons,  a  sort  of  indo- 
lence and  gloomy  inadivity.  Whereas,  when 
the  air  is  heavy,  and  the  clouds  ascend  to  the 
higher  regions,  and  appear  like  fine  fleeces  on 
the  blue  vault  of  heaven,  the  nerves  and 
fibres  of  the  animal  system  are  braced  by  the 
additional  pressure  of  the  atmosphere,  the 
blood-vessels  exert  their  full  power,  the  solids 
are  compressed,  the  fluids  circulate  with  in- 
creased vigour,  we  feel  light  and  alerl,  and  the 
elevation  of  the  animal  spirits  is  increased  by 
the  splendour  and  activity  of  the  surrounding 
scene. 

Weight  of  the  whole  Atmosphere. — From 
the  facis  now  stated,  we  may  form  an  estimate 
of  the  weight  of  the  whole  body  of  the  atmo- 
sphere which  surrounds  the  surface  of  the 
earth.  The  surface  of  the  globe  contains,  in 
round  numbers,  200,000,000  of  square  miles; 
every  square  mile  contains  27,878,400  square 
{idQi\  and  these  two  numbers  multiplied  to- 
gether, produce  5,675,680,000,000,000;  or, 
five  thousand  five  hundred  and  seventy-five 
billions,  six  hundred  and  eighty  thousand 
millions,  equal  to  the  number  of  square  feet 
on  the  surface  of  the  earth;  which,  multiplied 
by  2160  pounds,  (equal  to  the  pre-ssure  on 
every  square  foot,)  produces  the  sum  of 
12,043,468,800,000,000,000;  that  is,  twelve 
trillions,  forty-three  thousand  four  hundred 
and  sixty-eight  billions,  and  eight  hundred 
thousand  millions;  which  is  equal  to  the 
Quniber  of  pounds  which  constitute  the  weight 
of  the  whole  atmosphere,  or  5,000,000,000,- 
000,000 ;  that  is,  about  five  thousand  billions 
of  tons.  A  more  definite  idea  of  this  weight 
may  be  obtained  by  supposing  a  ball  of  lead, 
extending  from  London  to  Oxford,  stretching 
sixty  miles  perpendicularly  above  us,  and  in 
every  direction  ;  or,  in  other  words,  a  ball  of 
lead  one  hundred  and  ninety  miles  in  circum- 
ference, and  about  sixty  miles  in  diameter. 
Suppose  this  ball  placed  on  one  end  of  an  im- 
mense balance,  and  the  whole  atmosphere  on 
the  other,  they  would  nearly  counterpoise  each 
other.  So  that  this  invisible  fluid,  which  we 
are  apt  to  consider  as  almost  a  nonentity, 
when  considered  as  a  whole,  contains  a  weight 
which  it  is  difficult  for  numbers  to  express. 

It  need  only  be  observed  further  on  this 
point,  that  the  air  decreases  in  density  in  pra- 
portion  as  we  ascend  to  the  higher  regions  of 
the  atmosphere.  At  the  height  of  seven 
miles,  the  air  is  four  times  rarer  than  at  the 
surface  of  the  earth ;  at  the  height  of  fourteen 
miles,  it  is  sixteen  times  rarer;  at  the  height 
of  twenty-eight  miles,  it  is  two  hundred  and 
fifty-six  times  rarer;  at  the  height  of  ninety- 
six  miles,  it  is  268,435,456  times  rarer;  and 
at  the   height  of  five  hundred   miles,  it  has 


been  computed,  that  a  cubic  inch  of  such  air 
as  we  breathe  at  the  surface  of  the  earth, 
would  be  so  much  rarefied,  that  it  would  fill 
a  hollow  sphere  equal  in  diameter  to  the  orbit 
of  the  planet  Saturn,  which  is  1,800,000,000 
of  miles  in  diameter.  This  is  a  necessary 
consequence  of  the  elasticity  of  the  air,  and  of 
its  want  of  compression  in  the  higher  regions  , 
and  that  this  is  in  reality  the  case,  is  proved 
by  experiment  as  well  as  by  calculation. 
When  we  take  a  barometer  to  the  top  of  a 
mountain  only  h.alf  a  mile  in  perpendicular 
elevation,  the  mercury  fiills  from  thirty  tc 
twenty-seven  inches;  and  the  fall  of  the  mer- 
cury is  in  proportion  the  higher  we  ascend. 
Those  travellers  who  have  climbed  to  the  tops 
of  lofty  mountains  know,  by  experience,  that 
the  air  is  much  thinner  in  those  regions  than 
in  the  plains  below.  Their  breathing  becomes 
difficult  and  painful,  their  hands  and  fiset  swell, 
and  they  are  sometimes  seized  with  a  vomiting 
of  blood.  They  also  find,  that  the  atmosphere 
becomes  clearer  as  they  ascend,  and  is  unable 
to  support  the  clouds.  We  are  informed  by 
Don  tjlloa,  that,  while  he  stood  on  the  top 
of  the  Andes,  in  Peru,  "  the  clouds,  which 
were  gathered  below  the  mountain's  brow, 
appeared  like  a  tempestuous  ocean,  all  dash- 
ing and  foaming,  while  the  lightnings  were 
breaking  through  the  waves,  and  the  thunders 
rolling  beneath  his  feet,  far  below  the  spot  on 
which  he  stood.  In  the  mean  time  he  enjoyed 
a  serene  and  cloudless  sky,  and  left  the  war 
of  the  elements  to  the  unphilosophical  mortals 
on  the  plains  below." 

Those  who  have  taken  a  flight  to  the  higher 
regions  of  the  atmosphere  in  balloons,  have 
beheld  scenes  of  a  similar  kind.  Mr.  Bald- 
win, who  ascended  in  a  balloon  from  Chester, 
in  1785,  relates  that  at  a  certain  elevation, 
the  earth  was  entirely  hid  from  his  view  by 
an  immense  mass  of  vapours,  which  he  com- 
pares to  a  sea  of  cotton,  tufted  here  and  there 
by  the  action  of  the  air,  and,  soon  after,  the 
whole  became  an  extended  pavement  of  white 
cloud.  The  reason  of  all  this  is  obvious:  the 
clouds  are  vapour,  or  water  rarefied  by  heat. 
Vapour  is  lighter  than  air  near  the  surface  of 
the  earth,  and,  consequently,  ascends  in  it; 
but,  in  the  higher  regions,  the  air  is  thinner 
and  lighter  than  these  vapours,  and,  of  course, 
is  unable  to  support  them  beyond  a  limited 
height;  which  circumstance  undeniably  proves 
that  the  air  is  lighter  the  higher  we  ascend. 

The  pressure  of  the  atmosphere  may  now 
bd  illustrated  by  a  few  simple  experiments. 
The  instrument  called  the  air-pump  affords, 
on  the  whole,  the  best  means  of  illustrating 
the  pressure  of  the  atmosphere.  This  instru- 
ment bears  a  certain  resemblance,  in  its  prin- 
ciple and  action,  to  the  common  house  pump. 
It  consists  of  a  hollow  cylinder  or  tube,  in 
4  T  2  (1045) 
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which  a  piston  is  alternately  raised  or  de- 
pressed bv  means  of  an  iron  rod  attached  to 
the  handle  of  the  pump.  In  the  piston  there 
is  a  valve,  which  opens  by  any  pressure  from 
below,  and  is  shut  by  any  superincumbent 
pressure,  like  the  flapper  of  a  pair  of  bellows. 
When  the  piston  is  forced  down  the  valve  is 
opened  from  below  by  the  pressure  of  air,  or 
whatever  fluid  the  pump  may  contain.  The 
fluid  then  gets  above  the  valve,  and  is  lifted 
up  by  the  raising  of  the  piston,  and  carried 
out  of  the  pump,  the  valve  being  then  shut  by 
the  pressure  of  the  air  above  it.  At  the  top 
is  a  metal  plate  ground  to  a  perfect  plane  sur- 
face, on  which  is  placed  an  inverted  glass  jar 
or  receiver,  whence  the  air  is  to  be  extracted. 
A  hole  in  the  plate  is  connected  with  a  tube 
which  communicates  with  the  pump-barrels. 
By  working  the  handle  of  the  instrument  for 
some  time,  the  receiver  will  soon  be  nearly 
exhausted  of  all  the  air  it  contains,  and  the 
effects  produced  in  a  vacuum,  or  place  void 
of  air,  may  then  be  exhibited.  The  following, 
among  other  experiments,  may  be  shown  by 
the  air-pump.'  If  the  receiver  be  open  at  both 
ends,  and  the  upper  orifice  be  stopped  by  the 
hand,  when  the  air  is  exhausted,  the  pressure 
of  the  external  air  will  be  such  as  to  prevent 
the  removal  of  the  hand,  and  will  cause  a  cer- 
tain degree  of  pain.  If  a  piece  of  bladder  be 
tied  tightly  over  the  orifice,  as  the  exhaustion 
proceeds,  the  bladder  will  be  pressed  inwards, 
and  will  finally  burst  with  a  loud  noise.  In 
the  same  manner,  if  a  flat  piece  of  window- 
glass  be  placed  upon  the  orifice,  when  the 
air  is  exhausted,  the  glass  will  be  broken  into 
a  number  of  pieces  by  the  external  pressure 
of  the  atmosphere. 

But  as  comparatively  few  persons  have  an 
opportunity  of  performing  experiments  with 
the  air-pump,  a  few  simple  experiments  equal- 
ly convincing,,  which  every  person  has  it  in 
his  power  to  perform,  may  here  be  described. 

1.  Take  a  wine  or  an  ale-glass,  and  fill  it 
with  water;  take  a  smooth  piece  of  writing 
paper,  and  press  it  firmly  against  the  edges 
of  the  glass,  so  that  no  air  can  get  in  between 
the  paper  and  the  water,  then  turn  the  glass 
upside  down,  and  the  water  will  be  supported 
by  the  pressure  of  the  atmosphere  upon  the 
paper.  That  it  is  the  external  pressure  of 
the  atmosphere  upon  the  paper  which  sup- 
ports the  water  will  appear,  when  we  con- 
sider that  the  paper,  instead  of  being  convex, 
by  the  pressure  of  the  water  downwards,  is 
concave,  by  the  pre-ssure  of  the  air  upwards. 
If  a  lighted  candle  be  placed  under  the  paper, 
with  its  flame  touching  the  paper,  we  may 
hold  it  for  an  indefinite  length  of  time,  with- 
out its  producing  any  eflfect  upon  the  paper, 
or  setting  fire  to  it. 

2.  I'ake  a  wine-glass,  and  burn  a  piece  of 
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paper  in  it,  and  while  the  paper  is  burnifig, 
if  we  place  the  palm  of  our  hand  firmly  upon 
the  edges  of  the  glass,  the  glass  will  stick  fasS 
to  the  hand,  producing  a  certain  degree  of 
pain,  and  it  will  require  a  considerable  degree 
of  force  before  the  hand  can  be  detached  from 
the  glass.  In  this  expeiiment,  the  burning  of 
the  paper  rarefies  the  air,  nearly  expels  it 
from  the  glass,  and  then  the  atmosphere 
presses  with  its  whole  weight  upon  the  hand. 
3.  Take  a  glass  tube  iwo  or  three  feet  long, 
of  a  narrow  bore ;  plunge  one  end  of  it  in  a 
basin  of  water;  apply  the  mouth  to  the  other 
end,  and  draw  out  the  air  by  suction  ;  the 
water  will  instantly  rise  into  the  lube  by  the 
pressure  of  the  atmosphere  on  the  water  in 
the  basin ;  and,  if  we  immediately  place  our 
thumb  firmly  on  tho  upper  part  of  the  tube, 
and  withdraw  it  from  the  water  in  the  basin  ; 
the  water  will  be  suspended  in  the  tube  b)* 
the  pressure  of  the  atmosphere,  although  the 
tube  is  open  below  ;  but,  when  the  thumb  is 
removed  from  the  ypper  part  of  the  tube,  the 
water  in  it  will  run  out,  in  consequence  of 
the  pressure  of  the  atmosphere  from  above. 


4.  Take  a  tin  vessel,  six.  or  eight  inches 
long,  and  about  three  in  diameter,  with  its 
mouth  about  a  quarter  of  an  inch  wide,  as  k 
F,  (fig.  1.)  Pierce  a  number  of  small  holes 
in  its  bottom,  about  the  diameter  of  a  common 
sewing-needle.  Plunge  this  vessel  in  v/ater, 
and,  when  full,  cork  it  up,  so  that  no  air  can 
enter  at  the  top.  While  it  remains  corked, 
no  water  will  run  out,  being  prevented  by  the 
atmospheric  pressure  upon  the  bottom  of  the 
vessel ;  but  the  moment  it  is  uncorked,  the 
water  will  issue  from  the  small  holes  by  the 
pressure  of  the  air  from  above.  The  same  ex- 
periment may  be  made  with  a  tin-plate  tube, 
about  an  inch  in  diameter,  open  at  the  top, 
and  having  its  bottom  pierced  with  a  small 
hole.  When  filled  with  water  and  tightly 
corked  at  the  top,  it  may  be  carried  for  miles 


Hosted  by  Google 


PRESSURE  OF  THE  ATMOSPHERE. 


15 


without  losing  a  drop  of  water,  notwithstand- 
ing the  hole  in  thtj  bottom. 

5.  In  order  to  show  the  lateral  pressure  of 
the  atmosphere,  take  a  tube,  as  g  Hj  (fig.  3,) 
six  or  seven  inches  long,  having  a  small  liolo 
on  each  side,  as  i  k.  When  filled  with  water, 
and  tightly  corked,  no  water  will  run  out  from 
the  sides  of  the  tube,  but  the  moment  the 
cork  is  taken  out,  the  water  will  run  out  at  i 
and  K,  as  represented  in  the  figure. 

6.  Take  a  wine-glass  and  burn  in  it  a  piece 
of  paper ;  then  invert  the  glass,  while  ihe 
paper  is  burning,  over  a  saucer  full  of  water, 
the  water  will  rush  up  into  the  wine-glass,  in 
consequence  of  the  air  being  rarefied  or  driven 


out  by  the  burning  paper,  and  in  consequence 
of  the  pressure  of  the  atmosphere  upon  the 
surface  of  the  water  in  the  saucer. 

These  experiments  show  that  the  atmo- 
sphere presses  in  all  directions,  upwards, 
downwards,  and  laterally.  This  subject  has 
been  dwelt  on  somewhat  particularly,  because 
the  atmospheric  pressure  forms  an  important 
element,  and  a  mechanical  power  in  the 
construction  of  eteam-engines,  atmospheric 
railways,  and  other  modern  inventions,  which 
are  now  of  such  great  utility  in  propelling 
carriages  along  railways,  and  Bteam-vessefe 
across  seas  and  oceans. 


CHAPTER  nr. 

Facts  Illustrated  hy  the  Pressure  of  ihe  Atmosphere. 


Let  us  now  attend  to  a  few  facts  which  the 
pressure  of  the  air  tends  to  explain  and  il- 
lustrate. 

1.  The  atmospheric  pressure  explains  the 
nature  of  the  process  vulgarly  termed  suction. 
When  we  attempt  to  take  a  draught  of  water 
out  of  a  basin,  or  a  running  stream,  it  is  com- 
monly said  that  we  draw  in  the  water  by 
suction ;  whereas  the  fact  is,  that  instead  of 
drawing  the  water  into  the  stomach,  we  only 
draw  the  air  into  the  lungs,  and  the  atmosphere 
performs  the  other  part  of  the  operation.  The 
process  is  simply  this  : — We  immerse  our  lips 
into  the  water,  so  as  to  prevent  the  entrance 
of  air  into  the  mouth ;  we  then  make  a  vacu- 
um in  the  mouth  by  drawing  the  air  into  the 
lungs,  after  which  the  pressure  of  the  atmo- 
sphere upon  the  surface  of  the  water  forces  it 
upwards  into  the  mouth.  That  such  is  the 
process  of  receiving  a  draught  of  water  when 
the  mouth  is  held  downwards,  appears  from 
this  circumstance,  that  if  the  lips  do  not 
touch  the  water,  we  might  draw  in  the  air  by 
what  is  called  suction  for  twenty  years,  and 
not  receive  a  single  drop  into  the  mouth. 

The  same  principle  explains  the  action  of 
a  child  sucking  the  breast  of  its  nurse.  The 
operatior?  of  cupping  is  performed  in  the  same 
way.  In  this  case,  the  operator  takes  a 
small  glass,  close  at  the  top,  and  holding  it 
for  some  time  over  the  flame  of  a  candle  or 
lamp,  the  air  is  thereby  rarefied,  and  part  of 
it  drawn  out.  The  glass  is  then  suddenly 
placed  on  the  part  of  the  body  to  be  cupped, 
and  adheres  to  the  flesh  by  the  external  pres- 
sure of  the  air.  The  flesh  rii^es  in  the  glass, 
and  the  blood  and  serocities  are  forced  from 
the  wounded  vessels  into  the  glass  by  the 
atmospheric  pressure  on  the  parts  around. 
2.  It  is  owing  to  the  atmospheric  pressure 


that  two  polished  surfaces,  which  accuratelj 
fit  each  other,  adhere  with  great  force.  This 
fact  is  well  known  to  glass-grinders  and  po- 
lishers of  marble.  A  large  lens,  when  ground 
very  smooth,  requires  more  than  the  strength, 
of  a  single  individual  to  pull  it  directly  from 
the  tool.  If  the  surfice  is  only  a  square  inch, 
it  will  require  fifteen  pounds  to  separate  them 
perpendicularly,  though  a  very  moderate  force 
will  make  them  slip  along  each  other.  Were 
the  surface  six  inches  square,  the  force  requi- 
site to  separate  the  two  pieces  would  be  equal 
to  five  hundred  and  forty  pounds.  But  this 
cohesion  is  not  observed,  unless  the  surfaces 
are  wetted  or  smeared  with  oil  or  grease, 
otherwise  the  air  gets  between  them,  and 
they  separate  without  any  trouble.  That  this 
cohesion  is  owing  to  the  atmospheric  pressure, 
is  evident  from  the  ease  with  which  the  plates 
may  be  separated  in  an  exhausted  receiver  bj 
means  of  the  air-pump.  The  same  cause  con- 
tributes in  a  powerful  degree  to  give  effect  to 
the  cohesion  of  bodies  by  means  of  mortar  and 
cements.  When  two  pieces  of  wood  are  to 
be  glued  together,  their  surfaces  are  first  made 
as  smooth  as  possible  ;  a  glutinous  substance 
is  then  ayjplied  to  fill  up  all  the  pores  and 
inequalities  ;  they  are  then  pressed  together, 
which  prevents  the  air  from  insinuating  itself 
between  them,  and  the  external  air  then 
presses  upon  them  with  a  force  of  fifteen 
pounds  on  every  square  inch.  There  can  be 
no  question  that  the  stability  of  our  house« 
and  garden  walls  depends,  at  least  in  a  great 
measure,  upon  the  same  principles;  for  the 
more  completely  every  crevice  between  th® 
bricks  or  stones  is  shut  up,  by  means  of  mor- 
tars and  cements,  from  the  insinuation  of  the 
external  air,  the  more  firm  and  stable  is  the 
building. 
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To  the  same  cause  is  to  be  attributed  the 
action  of  a  boy's  sucker  in  lifting  large  stones 
from  the  ground.  The  sucker  is  made  of  stiff 
wetted  leather  fastened  to  a  string  ;  the  mois- 
tttre  upon  the  leather,  when  it  is  pressed  down 
upon  the  stone,  prevents  the  air  from  getting 
in  between  the  leather  and  the  stone,  and  if 
the  sucker  be  four  ifiches  square,  it  will  require 
a  force  of  two  hundred  and  forty  pounds  to 
separate  it  from  the  stone.  In  certain  cases, 
such  contrivances,  on  a  large  scale,  might  be 
sometimes  useful  as  a  mechanical  power. 

3.  Another  circumstance  which  is  account- 
ed for  on  this  principle  is,  the  strong  adhesion 
of  sails,  periwinkles,  limpets,  and  other  mol- 
luscous animals,  to  the  rocks  on  which  they 
are  found.  The  animal  forms  the  rim  of  its 
shell  so  as  to  fit  the  shape  of  the  rock  on 
which  it  intends  to  cling.  It  then  fills  its 
shell  either  with  its  own  body  or  with  water. 
In  this  condition,  it  is  evident,  that  we  must 
act  wijth  a  force  equal  to  fifteen  pounds  on  a 
square  inch  before  we  can  detach  it  from  the 
rock.  This  may  be  illustrated  by  filling  a 
drinking-glass  to  the  brim  with  water,  and, 
having  covered  it  with  a  piece  of  thin  wet 
leather,  place  it  upon  a  table,  and  will  be  found 
to  require  a  very  considerable  force  to  pull  it 
straight  upward.  Bat,  if  we  place  a  snail  ad- 
hering to  a  stone  in  an  exhausted  receiver,  it 
will  drop  off  by  its  own  weight.  It  is  owing 
to  the  same  cause  that  bivalve  mollusca,  such 
as  oysters  and  mussels,  keep  their  shells  so 
firmly  shut,  and  require  such  a  degree  of  force 
to  open  them.  But,  if  we  grind  off  a  bit  of 
the  convex  shell,  so  as  to  make  a  small  hole 
in  it,  the  air  gets  in,  and  it  opens  with  the 
greatest  ease.  The  same  thing  takes  place 
when  it  is  put  under  the  exhausted  receiver  of 
an  air-pump.  It  has  been  lately  discovered 
that  it  is  owing  to  the  same  principle  that  flies 
and  other  animals  have  the  power  of  walking 
on  a  perpendicular  pane  of  glass,  or  on  the 
ceiling  of  a  room  with  their  backs  downward. 
This  has  been  proved  to  arise  from  a  power 
they  possess  of  squeezing  out  the  air  between 
the  inside  of  their  feet  and  the  surface  on 
which  they  tread,  and  thus  being  supported 
against  the  outside  of  their  feet  by  the  pres- 
sure of  the  atmosphere. 

4.  It  is  owing,  in  a  great  measure,  to  the 
pressure  of  the  atmosphere^  that  frosts  occa- 
sion a  scantiness  of  water  in  our  fountains 
and  wells.  This  is  not  caused,  aa  is  generally 
supposed,  by  the  freezing  of  the  water  in  the 
bowels  of  the  earth.  The  most  intense  frost 
of  a  Siberian  winter  would  not  freeze  the 
ground  two  feet  deep,  but  a  moderate  frost 
will  consolidate  the  whole  surface  of  a  coun- 
try, and  make  it  impervious  to  the  air, 
especially  if  the  frost  has  been  preceded  by 
rain,  which  has  soaked  the  surface.     When 
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this  happens,  the  water  which  was  filtering 
through  the  ground  is  all  arrested,  and  kept 
suspended  in  its  capillary  tubes  by  the  pressure 
of  the  air,  in  the  same  manner  as  water  is 
suspended  in  a  tube  which  is  closed  at  one  end, 
as  in  the  third  experiment  stated  in  the  pre- 
ceding chapter  (p.  14).  A  thaw  melts  the 
superficial  ice,  and  allows  the  water  to  run 
out  in  the  same  manner  as  it  does  when  the 
thumb,  in  that  experiment,  is  removed  from 
the  top  of  the  tube. 

6.  It  is  well  known  that  a  cask  full  of  water 
or  spirits,  will  not  run  by  the  cock,  unless  a 
hole  be  opened  in  the  top,  or  some  other  part 
of  the  cask.  The  reason  is,  that  the  air  presses 
upon  the  opening  in  the  cock,  and  prevents 
the  liquor  from  flowing;  whereas,  when  an 
opening  is  made  at  the  top,  the  pressure  of 
the  air  from  above  forces  it  down.  If,  indeed, 
the  hole  in  the  cask  is  of  large  dimensions,  it 
will  run  without  any  other  hole,  because  air 
will  get  in  at  the  upper  side  of  the  hole,  while 
the  liquor  runs  out  by  the  lower  part  of  it. 
For  the  same  reason,  a  small  hole  is  made  in 
the  lid  of  a  tea-pot  to  insure  its  pouring  out 
the  tea,  otherwise,  when  the  tea-pot  is  quite 
full,  it  would  be  difficult  to  make  the  tea  run 
out  at  the  spout,  the  pressure  of  the  air  from 
below  tending  to  prevent  it. 

On  the  same  principle  depends  the  per- 
formance of  an  instrument  used  by  spirit 
dealers,  for  taking  out  a  sample  of  their  spirits. 
Fie.  3.  ^^  consists  of  a  long  tin-plate 
tube,  A  B,  fig.  3,  open  at  the  top 
at  A,  and  ending  in  a  small  hole 
at  H.  The  end  b  is  dipped  into  the 
spirits,  which  rise  into  the  tube ; 
then  the  thumb  is  clapped  on  the 
mouth  A,  and  the  whole  is  lifted 
out  of  the  cask.  The  spirit  remains 
in  it  till  the  thumb  be  taken  off; 
it  is  then  allowed  to  run  into  a 
glass  for  examination.  We  are 
informed  by  certain  travellers, 
that  some  of  the  rude  tribes  of  Asia  and  Africa, 
with  whom  they  have  travelled,  have  a  simi- 
lar method  of  acquiring  a  draught  of  watei, 
though  they  do  not  understand  the  principle 
on  which  it  depends.  They  provide  themselves 
in  their  journeys,  with  a  long  hollow  cane, 
and,  when  they  wish  to  drinks  or  to  give  their 
companions  a  draught  of  water  from  a  stream 
or  pool,  they  place  the  hollow  cane  in  the 
water,  and  apply  their  mouth  to  the  upper  end, 
and  draw  out  the  air,  when  the  water  rushes 
in  and  fills  the  interior  of  the  cane  ;  they 
then  apply  their  thumb  to  the  upper  end, 
take  the  cane  out  of  the  water,  and  apply  il 
to  the  lips  of  their  thirsty  companion,  when 
the  water  rushes  into  his  mouth.  This  mode 
of  taking  a  draught  of  water  may,  in  some 
cases,  be  very   convenient   when    we  cannoS 
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easily  apply  our  lips  to  the  surface   of  a  run- 
ning stream. 

The  action   of  the  siphon  depends  on  the 
same  principle.     A  siphon  is    a    bent   tube, 

Fig.  4. 


the  one  end  of  which  is  longer  than  the 
other,  as  A  B,  fig.  4.  ff  the  tube  be  filled 
with  water,  and  the  shorter  leg  be  placed 
in  a  vessel  of  water,  e,  immediately  upon 
withdrawing  the  finger  from  the  longer  leg, 
the  water  will  flow  out  till  the  liquid  in 
the  vessel  is  emptied.  By  mearis  of  this 
instrument,  we  can  convey  water  from  a 
cistern  over  a  rising  ground,  provided  its  per- 
pendicular elevation  above  the  level  of  the 
'  fountain  does  not  exceed  thirty-two  feet,  and 
that  the  leg,  from  which  the  water  runs  off,  is 
below  the  level  of  the  cistern  ;  because  the 
weight  of  a  column  of  water,  about  thirty-two 
or  thirty-three  feet  high,  is  equal  to  the  weight 
of  a  column  of  air  reaching  from  the  surface 
of  the  earth  to  the  top  of  the  atmosphere. 
The  pressure  of  the  atmosphere  upon  the 
water  of  the  vessel,  or  cistern,  produces  this 
effect. 

It  might  be  shown,  that  the  common  pump 
for  raising  water,  the  fire-engine,  the  steam- 
engine,  the  forcing-pump,  and  many  other 
pneumatic  and  hydraulic  engines,  derive  their 
power  and  utility  chiefly  from  that  extensive 
and  universal  agent — the  pressure  of  the 
atmosphere  ;  without  the  assistance  of  which 
many  of  our  most  powerful  engines  would  be 
arrested  in  their  operations,  and  sink  into  fee- 
bleness and  insignificancy.  But  this  chapter 
shall  be  concluded  by  a  few  general  remarks, 
suggested  by  this  subject. 

The  discovery  of  the  pressure  of  the  atmo- 
sphere, and  of  its  agency  in  the  system  of 
nature,  formed  a  new  era  in  the  history  of 
science.  However  common  it  is  now  to  per- 
form the  Torricellian  experiment,  and  to  talk 
about  the  pressure  of  the  atmosphere,  it  was  a 
sulyect  which,  less  than  two  centuries  ago, 
struck  with  astonishment  all  the  learned 
throughout  Europe.  So  wonderful  and  in- 
credible did  it  at  first  appear,  that  it  was  not 
till  after  the  lapse  of  several  years — till  after 
opinions  which  had  prevailed  for  ages  had 
been  overturned,  and  the  most  decisive  expe- 
riments had  been  performed,  in  every  possible 
way,  that  it  was  cordially  received.  And, 
133 


indeed,  when  we  consider  the  effects  of  this 
powerful  agent,  in  the  numerous  operations 
both  of  nature  and  art,  there  is  something 
which  tends  to  excite  our  admiration  more 
than  all  the  fairy  tales  which  the  human 
fancy  has  created.  We  behold  its  operation 
in  compressing  the  bodies  of  all  animated 
beings — in  counterpoising  the  internal  pres- 
sure of  the  circulating  fluids,  and  preventing 
the  elastic  force  of  the  internal  air  from  burst- 
ing the  arteries  and  veins.  We  behold  its 
operation  in  forcing-pumps  and  fire-engines — 
in  raising  water  from  deep  pits,  and  carrying 
it  to  the  tops  of  the  highest  buildings — in 
giving  motion  to  our  spinning-machines,  and 
in  propelling  large  vessels  along  seas  and 
rivers — in  the  action  of  Pliero's  fountain,  of 
siphons  and  barometers  ;  and  in  many  other 
cases  where  its  agency  could  scarcely  have 
been  suspected.  What  can  be  more  unlike 
than  the  working  of  a  fire-engine,  when 
spouting  a  column  of  water  to  the  top  of  a 
building  in  flames,  and  the  crawling  of  a  fly 
upon  a  window-pane,  or  the  ceiling  of  a  room  1 
Yei  both  these  operations  are  performed  by 
the  same  means,  the  pressure  of  the  atmo- 
sphere. 

But  what  appears  no  less  striking  than  such 
operations,  is,  the  pressure  of  the  atmosphere 
upon  our  own  bodies.  It  has  already  been 
stated,  that  this  pressure  amounts  to  above 
thirty  thousand  pounds.  Were  the  half  of 
this  weight  to  fall  on  one  side  of  our  bodies, 
without  being  counteracted  by  any  other 
power,  it  would  produce  an  effect  similar  to 
that  of  a  heavy  wall,  or  the  roof  of  a  house 
falling  flat  upon  us,  and  would  infallibly  drive 
the  breath  from  our  lungs,  and  crush  to  pieces 
every  bone.  What  is  it,  then,  which  prevents 
such  a  terrible  effect  1  A  small  quantity  of 
air  within  us,  which  would  not  weigh  above  a 
single  ounce,  by  its  strong  elastic  force,  coun- 
terpoises the  effects  of  this  tremendous  pres- 
sure ;  so  that,  instead  of  lying  as  a  mountain 
on  our  loins,  it  acts  like  wings  to  our  feet,  or 
like  sinews  to  our  limbs.  When  a  flat  bottle 
is  empty,  and  laid  on  its  side,  we  might  ima- 
gine that  the  weight  of  the  air  would  break  it 
to  pieces  ;  but  the  air  which  is  contained 
within  the  bottle,  whether  stopped  or  not,  has 
the  same  power,  by  its  elasticity,  to  prevent 
its  breaking,  as  the  air  without  has  to  crush  it 
to  atoms.  But,  if  we  apply  a  syringe  to  the 
neck  of  such  a  flat  bottle,  and  exhaust  the 
air  which  is  inclosed  within,  the  extraction  of 
that  small  body  of  air,  which,  by  its  elastic 
spring,  supported  the  sides  of  it,  gives  room 
to  the  external  air  to  act  on  the  sinface  of  the 
bottle  with  all  its  force,  and  the  bottle  will  fly 
into  a  thousand  pieces.  Such  would  be  the 
case  with  respect  to  our  own  bodies,  if  an 
exact  balance  were  not  kept  up  between  the 
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pressure  of  the  atmosphere  without,  and  the  poise  of  these  two  formidable  and  death- 
elastic  force  of  the  air  vvitiiin  ;  and,  in  this  menacing  powers,  is  our  only  safeguard  and 
Instance,  as  well  as  in  a  thousand  other  in-  defence;  and  shows  us  how  "fearfully  and 
stances,  we  have  a  shiking  evidence  both  of  wonderfully"  we  are  every,  moment  preserved 
the  wisdom  and  of  the  benevolence  of  Him  by  that  Ahiiighty  Being,  "in  whose  h!>nd  our 
who  at  first  created  and  arranged  all  the  pow-  breath  is,  and  whose  are  all  our  ways."  Here 
ers  and  elements  of  nature,  so  as  to  render  we  have  a  striking  evidence  of  its  benevolence 
them  subservient  to  the  preservation  and  com-  and  skill,  in  having,  by  his  wisdom,  reconciled 
fort  of  every  species  of  animated  existence.  and  balanced  two  such  formidable  and  con- 
It  is  owing  to  the  same  admirable  arrange-  tending  powers,  and  so  tempered  them,  that 
ment  of  the  Creator,  that  our  dwellings  are  the  impetuosity  of  the  one  is  checked  by  the 
not  crushed  to  atoms.  Suppose  an  apartment  activity  of .  the  other  ;  and  all  nature,  instead 
only  tv^'elve  fret  square,  and  nine  feet  high,  of  being  shattered  and  destroyed,  is  preserved 
the  pressure  of  the  air  upon  the  four  sides,  in  safe  and  harmonious  order.  Vv''ere  it  his 
and  the  roof,  containing  five  hundred  and  design  to  destroy  the  inhabitants  of  our  world, 
seventy-six  square  feet,  is  equal  to  one  mil-  or  to  render  thorn  miserable,  we  see  how  easily 
lion,  two  hundred  and  forty-four  thousand,  this  could  be  effected.  He  has  only  to  permit 
one  hundred  and  sixty  pounds !  This  enor-  one  of  those  powers  now  described  to  act 
mous  pressure  is  balanced  by  the  resistance  without  control,  and  the  work  of  destruction  is 
of  the  small  quantify  of  air  in  the  room,  which  at  once  accom})lished.  So  that  in  his  "hand 
weighs  only  ninety-seven  pounds ;  so  that  here  is  the  soul  of  every  living  thing,  and  che  breath 
is  a  small  weight  of  ninety-seven  pounds  of  all  mankind."  He  upholdeth  our  souls  in 
counteracting  a  pressure  of  1,244,160  pounds!  life,  and  his  merciful  visitation  sustains  our 
Without  this  wonderful  balance  no  house  spirits.  It  is  the  province  of  true  philosophy 
could  be  habitable,  no  creature  could  remain  to  trace  the  attributes  of  the  Almighty  in 
alive;  our  glass  windows  would  be  shattered  every  part  of  his  operations,  in  the  system  of 
to  atoms;  an  army-tent,  a  peasant's  house,  or  nature;  and  there  is  no  scene  throughout  the 
a  shepherd's  hut,  yea,  even  our  most  stately  universe,  where  his  voice  is  not  heard,  and 
edifices,  would  be  crushed  to  atoms.  where  his  power  and  wisdom  are  not  con- 
It  appears,  then,  that  we  are  immersed  in  spicuously  displayed  to  those  who  have  ears 
an  invisible  fluid,  which,  on  the  one  hand,  by  to  hear,  and  eyes  to  see,  and  spiritual  discern- 
its  enormous  pressure,  threatens  to  crush  us  ment  to  recognize  the  footsteps  and  the  agency 
to  the  earth,  and,  on  the  other,  by  its  elastic  of  an  almighty,  though  invisible,  Intelligence; 
force,  to  burst  our  blood-vessels,  and  tear  our  "  for  in  Him  we  live,  and  move,  and  have  our 
whole  frame  to  pieces.    The  equality  or  equi-  being." 


CHAPTER  IV. 

The  Elasticity  of  the  Air,  and  the  Phenomena  it  explains. 

The  atmosphere  is  that  ocean  of  air  which  however,  is  impalpable  to  our  senses.     By  its 

surrounds  our  globe  on  all  sides,  and  in  which  transparency,  it  escapes  our  ocular  inspection  ; 

we  live  and  breathe.     We   are  plunged  into  by  its  thinness,  it  eludes  our  grasp;  it  cannot 

the  bottom  of  the  vast  aerial  sea,  as  the  fishes  be  perceived  by  our  smell  or  taste,  nor  even  by 

are  plunged  into  the  depths  of  the  ocean.   Be-  our  organs  of  hearing,  unless  when  it  is  in  a 

fore  we  were  brought  into  the  world,  we  were  state   of  tremor  and   agitation.     But  we  are 

furnished  with  a  diaphragm  and  lungs,  with  fully  assured,  in  numerous  instances,  that  the 

cartilages,  ribs,  and  muscles,  to  enable  us  to  powers   of  nature   may  be   in  complete  exist» 

draw  in  this  vital  fluid.     The  first  rush  of  the  ence,  though  they  are  imperceptible  to  every 

air  into  the  lungs,  and  the  cries  which  accom-  organ  of  sensation-;  and  hence  we  ought  to 

pany  it,  announce  Ufe  and   sensation.     More  guard   against  an  error  common  both  to  the 

than  a  hundred  muscles  are  employed  in  draw-  vulgar  and  to  philosophers,  that  "the  things 

ing  in  and  expelling  this  aerial  fluid;  and  this  which  we  cannot  see,  have  no  real  existence." 

operation   is  continued,  without  intermission.  The  atmosphere,  though  invisible,  is  one  of 

till  death.     In  this  element  vve  pass  the  whole  the  most  important  and  essential  constituents 

of  our  existence,  from  the  cradle  to  the  grave;  of  our  terrestrial  habitation.     W^e  could  live 

it  surrounds  us  wherever  we  go,  whether  on  for  a  few  days  without  food,  or  dri/ik,  or  sleep; 

sea  or  land,  and  almost  all  our  enjoyments  de-  we  could  pass  weeks  and  months  without  the 

pend  on  its  benign  agencies.     This  element,  light  of  the  sun,  or  the  glimmering  of  a  star ; 
(1050) 
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\  ut  if  we  are  deprived  only  for  a  few  minutes 
of  the  vital  air,  the  lungs  refuse  to  play,  the 
henrt  ceases  to  beat,  the  blood  stas^nates  in  the 
arteries  and  veins ;  we  faint,  we  sicken,  we 
die.  The  powers  of  the  animal  machine  are 
broken  ;  the  thoughts  and  perceptions  vanish  ; 
the  dust  returns  to  its  kindred  dust,  and  the 
spirit  returns  to  God  who  gave  it. 

We  shall  now  chiefly  attend  to  the  illustra- 
tion of  the  elasticity  of  the  atmosphere.  By 
the  elasticity  of  the  air,  is  meant  that  property 
by  which  it  contracts  itself  into  less  space, 
when  an  additional  pressure  is  laid  upon  it, 
and  by  which  it  recovers  its  former  dimensions 
when  the  pressure  is  removed.  When  I  take 
a  piece  of  whalebone,  or  a  watch-spring,  and 
bring  the  two  ends  together,  as  soon  as  the 
force  thus  employed  is  removed,  the  spring  re- 
turns to  its  former  position.  In  such  cases, 
we  say  that  the  body  is  elastic.  When  I  take 
a  small  quantity  of  wool  into  my  hand,  and 
compress  it,  upon  opening  my  hand,  it  recovers 
its  former  bulk,  by  the  natural  spring  of  its 
fibres  ;  and  hence  we  conclude  that  this  sub- 
stances possess  a  certain  degree  of  elasticity. 
In  like  manner,  if  I  take  a  bladder  and  fill  it 
with  air,  and  apply  a  force  to  the  sides  of  it, 
so  as  to  compress  it  into  a  smaller  space, 
when  the  force  is  removed  it  immediately  ex- 
pands, and  fills  the  same  space  as  before,  which 
clearly  proves  that  the  air  contained  in  the 
bladder  is  of  an  elastic  nature. 

In  consequence  of  this  elastic  property,  the 
air  always  endeavours  to  expand  itself,  and  to 
occupy  more  space.  This  is  proved  by  taking 
a  bladder,  containing  only  a  small  quantity  of 
air,  tying  its  neck  close,  so  as  to  y)revent  the 
escape  of  the  air,  and  then  placing  it  under 
the  receiver  of  an  air-pump.  So  long  as  the 
bladder  is  exposed  to  the  pressure  of  the  atmo- 
sphere, it  will  remain  in  the  same  state ;  but, 
when  the  air  is  exhausted  from  the  receiver, 
and  the  external  pressure  removed,  the  side  of 
the  bladder,  which  was  flabby  and  lax,  stretches 
itself  out,  swells,  and  becomes  tight,  being 
raised  by  the  elastic  power.  And,  if  the  air 
be  again  let  into  the  receiver,  the-  bladder  re- 
turns to  its  former  shape.  By  a  similar  ex- 
periment it  is  shown,  that  the  expansive  pow- 
er of  the  small  quantity  of  air  in  the  bladder 
is  capable  of  raising  leaden  weights  of  a  con- 
siderable size.  In  consequence  of  this  strong 
elastic  power  of  the  air,  a  person,  by  blowing 
into  a  pipe  connected  with  several  bladders, 
has  been  able  sensibly  to  raise  a  mill-stone, 
which  was  placed  upon  the  bladders ;  which 
demonstrates  the  very  strotig  expansive  power 
of  a  very  small  quantity  of  air. 

On  the  same  principle,  were  a  bladder,  con- 
taining a  very  small  quaotity  of  air,  taken  to 
the  higher  regions  of  the  atmosphere,  it  would 
gradually  expand  the  higher  it  was  carried,  in 


consequence  of  the  pressure  of  the  atmor?pher» 
being  gradually  diminished,  till,  at  length,  it 
would  burst  the  bladder,  by  the  expansive 
force  with  which  it  is  eudued.  In  like  man- 
ner, heat  increases  the  elasticity  of  air.  If  a 
bladder,  containing  a  small  quantity  of  air,  be 
placed,  before  a  strong  fire,  the  small  portion 
of  air  it  contains  will  expand,  till  the  bladder 
appears  quite  full,  and  ready  to  burst.  There 
is  another  striking  experiment  which  demon- 
strates this  elastic  force  of  the  air.  When  a 
thin  bottle  with  flat  sides  is  firmly  corked,  so 
as  to  prevent  the  included  air  from  escaping, 
is  placed  under  the  receiver  of  an  air-pump, 
and  the  air  exhausted,  the  spring  of  the  air 
within  it  will  dilate  with  so  much  violence  as 
to  break  the  bottle  to  pieces.  In  like  manner, 
were  the  pressure  of  the  external  air  complete- 
ly removed  from  our  bodies,  and  escape  of  the 
internal  air  prevented,  the  elastic  force  of  the 
air  within  us  would  immediately  tear  the  lungs, 
and  other  vessels  to  pieces,  force  the  blood 
through  the  arteries  and  veins,  and  put  an  end 
to  all  the  functions  of  the  animal  machine. 
If  an  animal,  as  a  cat,  mouse,  or  bird,  be  put 
under  a  receiver,  and  the  air  exhausted,  the 
animal  will  be  at  first  oppressed  as  with  a 
great  weight,  then  grow  convulsed,  their 
bodies  will  swell,  and  if  they  are  allowed  to 
remain  only  for  a  few  minutes,  they  inevitably 
die.  Were  we  to  take  a  shrivelled  apple,  and 
put  it  under  the  receiver  of  the  air  pump,  and 
exhaust  the  air,  the  skin  will  gradually  swell 
as  the  pressure  of  the  air  diminishes,  the 
wrinkles  will  be  filled  up,  and  the  apple  will 
appear  as  fresh-gathered.  When  the  air  is 
let  in,  it  returns  again  to  its  former  withered 
state.  The  eflfect  now  stated,  is  owing  to  the 
elasticity  of  the  air  in  the  inside  of  the  apple, 
which  expands  when  the  atmospheric  pressure 
is  removed. 

From  a  variety  of  experiments  it  is  demon- 
strated, that  the  spring  of  the  air  is  equal  to 
its  weight,  and  produces  the  same  efFectsasits 
pressure  ;  for,  action  being  equal  to  re-action, 
the  force  which  the  elasticity  of  the  air  exerts, 
in  endeavouring  to  expand  itself,  is  equal  to 
the  force  with  which  it  is  compressed,  just  as 
it  is  in  the  spring  of  a  watch,  which  exerts  no 
force,  but  in  proportion  as  it  is  wound  up.  If 
a  quantity  of  air,  therefore,  is  included  in  a 
vessel,  and  is  of  the  same  density  with  the 
surrounding  air,  its  pressure  against  the  sides 
of  the  vessel  is  equal  to  that  produced  by  the 
external  atmosphere.  Hence  it  is  that  we 
can  break  a  square  glass  bottle,  either  by  the 
direct  pressure  of  the  atmosphere,  after  the 
air  has  been  extracted  from  it,  or  by  removing 
the  pressure  of  the  atmosphere,  and  allowing 
the  elasticity  of  the  air  within  to  exert  its  ex- 
pansive force. 

It  is  owing  to  the  elasticity  of  the  air  thai 
(1051) 
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it  is  susceptible  of  dilatation  and  compression. 
To  what  degree  air  of  the  same  density  which 
it  possesses  at  the  surface  of  the  earth  is  capa- 
ble of  being  compressed  has  not  yet  been  fully 
ascertained.  Dr.  Halley  informs  us,  that  he 
has  seen  it  compressed,  so  as  to  be  sixty  times 
denser  than  in  its  natural  state.  Some  have 
supposed  that  no  bounds  can  be  fixed  to  the 
condensation  of  air.  But  it  appears  from 
some  experiments  made  in  London,  and  by 
the  Academy  of  Florence,  that  no  force  what- 
ever is  able  to  reduce  air  into  eight  hundred 
times  less  space  than  that  which  it  naturally 
possesses  at  the  surface  of  the  earth.  It  is 
owing  the  power  of  being  artificially  con- 
densed, that  forcing-pumps  produced  their 
effects,  and  that  an  air-gun  is  an  enabled  to 
discharge  a  ball  to  a  considerable  distance 
with  great  violence.  The  air  is  forced  into  a 
certain  compartment  of  the  gun  by  means  of  a 
syringe  or  a  condenser,  which  drives  the  air 
in,  and  suffers  none  of  it  to  come  back  till  it 
be  sufficiently  condensed.  When  the  valve 
which  confines  the  air  is  opened,  the  air  by  its 
elastic  power  rushes  in  behind  the  ball,  and 
forces  it  out  of  the  barrel  with  great  violence. 
It  would  be  better  for  mankind,  however,  that 
no  such  instruments  were  ever  constructed. 
Science  ought  always  to  have  for  its  object  the 
construction  of  instruments  and  machines 
which  have  a  tendency  to  promote  the  com- 
forts of  mankind,  not  those  which  may  be 
employed  by  unprincipled  men  as  weapons  of 
destruction  ;  and,  therefore,  the  construction 
of  this  instrument  is  alluded  to  merely  as  an 
illustration  of  the  powerful  effect  of  the  elas- 
ticity of  the  air.  Would  to  God  that  guns, 
and  cannons,  and  warlike  instruments  of  all 
descriptions  were  for  ever  unknown  among 
men  ;  that  swords  were  beaten  into  plough- 
shares, and  spears  into  pruning-hooks  ;  that 
nation  might  no  longer  lift  up  sword  against 
liation,  but  delight  themselves  in  peace  ! 

The  dilatation  or  expansion  of  air,  in  virtue 
of  its  elastic  force,  is  found  to  be  very  sur- 
prising. In  several  experiments  made  by  the 
honourable  Mr.  Boyle,  it  dilated  at  first  into 
nine  times  its  former  space,  then  into  thirty- 
one  times,  then  into  sixty,  and  then  into  one 
hundred  and  fifty.  Afterwards,  it  was  brought 
to  dilate  8,000  times  its  space,  then  into  10,000 
times;  and,  at  last,  into  13,679  times  the 
space  it  originally  occupied,  and  all  this  was 
effected  by  its  own  expansive  force,  without 
the  help  of  fire,  or  the  principle  of  heat. 
Hence  it  appears  that  the  air  we  breathe  near 
the  surface  of  the  earth  is  compressed  by  its 
own  weight  into  at  least  the  13,000th  part  of 
of  the  space  it  would  occupy  in  vacuo.  And, 
as  it  has  been  found  that  it  may  be  compressed 
into  a  space  sixty  times  less  than  that  which 
It  generally  occupies,  it  follows,  that  the  space 
(1052) 


which  it  will  possess,  when  most  dilated,  to 
that  which  it  occupies  when  condensed,  will 
be  nearly  as  820,000  to  one  !  The  amazing 
force  of  this  elastic  power  of  the  air,  were  it 
properly  directed,  might  be  made  to  act  as  a 
strong  mechanical  power,  and  there  can  be 
little  doubt  that  many  of  the  terrific  operations 
of  nature — such  as  earthquakes,  volcanoes, 
the  rising  of  new  islands  from  the  bottom  of 
the  ocean,  and  the  detachment  of  rocks  and 
fragments  of  mountains  amidst  the  ranges  of 
the  Alps,  the  Andes,  and  other  mountainous 
regions — are  to  be  ascribed,  at  least  to  the 
partial  operation  of  this  power,  in  combina- 
tion with  other  physical  agents. 

It  has  been  a  subject  of  inquiry  among  phi- 
losophers,  whether  the  elastic  power  of  the 
air  is  capable  of  being  diminished  or  destroyed, 
Mr.  Boyle  endeavoured  to  discover  how  long 
air  would  retain  its  spring,  after  having 
assumed  the  greatest  degree  of  expansion  his 
air-pump  could  give  it,  but  he  never  observed 
any  sensible  diminution.  Mr.  Desaguliers 
says,  that  air,  which  had  been  inclosed  half-a- 
year  in  a  wind  gun,  had  lost  none  of  its  ex- 
pansive power;  and  Mr.  Robervai  asserts  that 
he  has  preserved  air  in  the  same  manner  for 
sixteen  years  ;  and  after  that  period,  he  ob- 
served that  its  projectile  force  was  the  same 
as  if  it  had  been  newly  condensed. 

Various  causes  have  been  assigned  by  phi- 
losophers to  account  for  the  elasticity  of  the 
atmosphere.  The  general  opinion  which  now 
prevails  is,  that  it  depends  upon  the  latent 
caloric,  or  principle  of  heat,  which  if  contains, 
and  which  enables  it  to  retain  its  fluid  form; 
and  that  caloric  is  the  most  elastic  body  in 
nature.  But  this  is  only  an  explanation  of 
elasticity  by  an  assumption  of  elasticity.  It 
removes  the  difficulty  only  one  step  farther 
on,  and  leaves  us  still  in  the  dark  as  to  the 
nature  of  elasticity,  and  the  reason  why 
caloric  is  endowed  with  an  elastic  power.  In 
this,  as  well  as  in  many  other  instances,  we 
must  rest  contented  in  resolving  it  into  the 
will  of  the  Deity,  that  such  a  property  should 
be  possessed  by  atmospheric  air  in  order  to 
accomplish  some  wise  and  beneficent  purposes 
in  the  economy  of  creation. 

The  elasticity  of  the  air  explains  a  variety 
of  appearances  in  nature  and  art.  For  ex- 
ample, beer  or  ale,  when  bottled,  contains  in 
it  a  quantity  of  air,  the  elasticity  of  which  is 
resisted  by  the  pressure  of  the  condensed  air 
between  the  cork  and  the  surface  of  the 
liquid.  On  removing  the  cork,  the  liquid  and 
the  air  which  it  contains  are  relieved  from  this 
intense  pressure.  The  liquid  itself,  not  being 
elastic,  is  not  affected  by  this;  but  the  elastic 
force  of  the  condensed  air,  which  has  been  fixed 
in  it,  having  no  adequate  resistance,  immediate- 
ly escapes,  and  rises  in  bubbles  to  the  surfaces 
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and  produces  the  frothy  appearance  conse- 
quent upon  opening  the  bottle.  On  a  similar 
principle  we  may  account  for  the  following 
appearance.  If  a  man  fall  into  the  water  and 
is  drowned,  the  carcass  in  a  few  days  rises 
and  iloats  on  the  surface.  The  privation  of 
life,  and  the  stagnation  of  the  fluids,  are  soon 
followed  by  a  putrid  fermentation,  which  de- 
composes the  body.  This  fermentation  dis- 
engages a  great  quantity  of  air,  which  is  dis- 
seminated among  the  internal  vessels,  and  as 
this  air  cannot  escape,  the  body  swells  by  its 
expansion,  till  it  becomes  specifically  lighter 
than  the  water,  and  rises  to  the  surface.  But, 
as  the  putrefaction  goes  on,  the  parts  give 
way,  the  air  escapes,  and  the  body,  being  thus 


rendered  specifically  heavier  than  the  water, 
sinks  to  rise  no  more.  It  is  likewise  by  the 
elastic  property  of  air  that  fishes  are  enabled  to 
rise  and  sink  in  the  water.  Thyy  are  furnished 
with  an  air-bladder,  which  they  have  the  power 
of  contracting  or  dilating  at  pleasure.  When 
the  fish  compresses  this  bladder,  its  whole 
volume  becomes  less,  and  it  sinks  in  the  water  ; 
when  the  pressure  is  removed,  the  air  in  the 
bladder  instantly  expands,  and  it  is  enabled  to 
rise  to  the  surface.  A  variety  of  instances  of  a 
similar  kind,  illustrative  of  the  elasticity  of  the 
air,  might  be  exhibited  ;  but  instead  of  dwell- 
ing on  these,  we  shall  now  proceed  to  another 
department  of  our  subject. 


CHAPTER  V. 

The  Height  of  the  Atmosphere  /  or,  the  Elevation  to  which  it  extends  beyond  the  Surface 

of  the  Earth. 


The  height  of  the  atmosphere  is  considered, 
by  many  writers  and  lecturers  on  this  subject, 
as  a  point  fully  determined,  and  is  treated  as 
familiarly  as  the  height  of  the  Andes,  or  the 
Alps,  or  of  Mount  Etna,  or  Mount  Blanc. 
But  the  height  of  the  atmosphere  has  never 
yet  been  fully  ascertained,  and  it  is  probable 
will  never  be  accurately  determined.  If, 
indeed,  the  air  were  of  an  equal  density,  from 
the  surface  of  the  earth  to  the  top  of  the  atmo- 
sphere, its  height  might  be  easily  determined  ; 
for  it  is  found  by  experiment,  that  the  weight 
of  a  column  of  air  extending  to  the  top  of  the 
atmosphere  is  equal  to  the  weight  of  a  column 
of  water  of  the  same  base  and  32  feet  high. 
Supposing  water  to  be  840  times  heavier  than 
air- — multiply  840  by  32  feet,  and  the  product 
will  be  20,880  feet,  or  5  miles  and  160  yards 
for  the  height  of  the  atmosphere,  were  its 
density  at  every  elevation  exactly  the  same  as 
at  the  surface  of  the  earth.  But  we  know 
that  the  density  of  the  air  decreases  and  is 
more  rarefied  and  expanded  the  higher  we  go ; 
and,  from  other  considerations  we  know  that 
it  extends  far  beyond  the  limit  now  stated ;  so 
that  this  calculation  can  afford  us  no  accurate 
idea  of  the  height  to  which  the  atmosphere 
extends. 

Another  method,  therefore,  of  determining 
this  point  was  devised  by  philosophers,  which 
approaches  nearer  to  the  truth.  It  is  found 
by  observation,  that  the  sun  is  about  eighteen 
degrees  below  the  horizon  before  twilight 
comes  to  an  end  in  the  evening.  Now,  twi- 
light is  caused  by  the  rays  of  the  sun  being 
refracted  and  reflected  from  the  higher  parts 
of  the  atmosphere  to  the  earth  ;  otherwise,  we 


should  be  involved  in  total  darkness  at  the 
moment  the  sun  descended  below  the  horizon. 
From  this  circumstance,  the  height  of  the 
highest  part  of  the  atmosphere  which  is  capa- 
ble of  refracting  the  rays  of  light  may  be  de- 
termined. 

Let  FAB  (fig.  5)  represent  the  horizon  of 
an  observer  at  a  ;  s  d,  a  ray  of  light  falling 
upon  the  atmosphere  at  d,  and  making  an 
angle,  s  d   b,  of  18°  with  the  horizon  ;  the 

Fig.  5. 


angle  s  d  a  will  then  be  162°.  From  the 
centre  c,  draw  c  d,  and  it  will  be  perpendi- 
cular to  the  reflecting  particles  at  b,  and  will 
likewise  bisect  the  angle  s  n  a.  In  the  right- 
angled  triangle  c  d  a,  the  angle  c  d  a  is  equal 
to  81°;  or,  if  we  allow  for  refraction,  81° 
30^  A  c,  the  radius,  or  half  diameter  of  the 
earth,  is  nearly  equal  to  400  miles.  Then  by 
the  rules  of  trigonometry, 

4  U  (1053) 
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Asthe  sine  of  the  angle  CD  A  81°  30  9.995203  and  sounds  conveyed  to  the  earth  from  a 
Is  to  ihe  side  A.  c,        .        .         .       4000       3.602060    u-,.      e     :      ^  t        i      i       -i  i 

fio  is  the  radius,  sine  of  90«  .        .        .      JO.OOOOtO    "^'^h^   of  ninety   or   a  hundred   miles;   and, 

consequently,  even  in   these  elevated  regions^ 

To  the  side  c  d,  4044^  miles     .        .  3.606857    notwithstanding"  the  great  rarefaction   of  the 

From  c  d,  equal  to  the  semi-diameter  of  the  ^''''  ^^  "^^^^  ^^i^'  have  the  power  of  supporting 
earth  and  atmosphere,  subtract  c  a,  or  the  ^^^"®  »"<^  propagating  sound.  Even  although 
semi-diameter  of  the  earth,  and  the  remainder,  ^^^  fire-balls  alluded  to  he  supposed  to  consist 
E  D,  equal  to  44^  miles,  will  he  the  height  of  of  electrical  matter— which  is  the  general  opi- 
the  atmosphere.  In  this  operation,  the  loga-  nion—yet  the  difliculty  is  not  tlwreby  re- 
rithms  of  the  second  and  third  terms  of  the  moved;  for  it  is  found,  by  some  late  ezperi- 
proportion  are  added,  and  the  logarithm  of  the  n^ents,  that  the  electrical  fire  cannot  penetrate 
first  term  subtracted  from  the  sum.  ^   perfect  vacuum.     And,  therefore,   there  is 

reason  to  conclude,  that  we  are  still  ignorant 
"^^"^0  000000  ^^  ^'^^   precise  extent  ot*  the  atmosphere,  and 

~ of  the  nature  of  the  fluids  which  occupy  its 

13.602060  superior  regions.     That  the  meteors  dow  re» 

9.995203  ferred  to,  however  elevated,  were  not  beyond 

3.606857  ^he  limits  of  the  atmosphere,  appears  from  this 

The  same  result  is  produced  by  the  following   consideration,  that  the    atmosphere   revolves 

proportion: ^^^^  '^^  earth  in  ils  course  round  the  sun,  at 

the  rate  of  68,000   miles  an  hour.     Now,  as 

As  Radius ^SSPS^^S    the   meteor  of   1783   moved    from    north    to 

Is  to  A  c  4000 3.602060  *i     t-.   i      i  i  ^  i  ^i_     i-     •.        /•  xi 

So  is  tlie  secantof  AC  D  =  8io  .        .        10.004800    ^<^"^"'  ^^  "  "!*^  ^^^^  beyond  the  hmits  of  the 

atmosphere,  it  would   have   been   left,  in    the 

To  CD  =4044^ 3.606860    course   of  a  minute,  more   than   a  thousand 

It  appears,  then,  that  in  ordinary  cases,  the  miles  to  the  westward,  by  the  earth  flying  out 
air,  at  the  height  of  forty-four  miles  and  a  before  it,  in  its  annual  and  diurnal  course, 
half,  is  capable  of  reflecting  to  us  the  rays  of  In  short,  it  appears  not  alUigether  improba" 
light  But,  as  a  sensible  illumination  has  ble  to  suppose,  that  the  visible  universe  is 
been  perceived  when  the  sun  is  much  further  filled  with  some  fine  elastic  fluid  or  air,  but 
below  the  horizon  than  what  has  been  now  Of  such  a  rarity  as  to  be  no  sensible  hindrance 
stated,  there  is  some  reason  to  conclude,  that  'o  the  celestial  orbs  in  their  rapid  motions 
the  air  is  sufliciently  dense  for  reflecting  a  through  the  regions  of  space;  and  that  this 
sensible  degree  of  light  at  the  height  of  nearly  fluid  accumulatesitself  around" every  planetary 
two  hundred  miles.  body,  in  proportion   to  the  quantity  of  matter 

Various  considerations,  founded  on  meteoric  it  contains — the  larger  bodies  attracting  more 
phenomena,  serve  to  prove  that  the  atmosphere  of  it,  and  the  smaller  bodies-  less;  and  thus 
extends  to  a  much  higher  elevation  than  forty-  forming  an  atmosphere  around  each,  corre- 
four  or  fifty  miles.  In  the  year  1719,  a  re-  sponding  to  its  nature  and  destination.  And, 
markable  luminous  meteor,  or  fire-ball,  was  if  this  be  the  case,  the  atmosphere  of  the 
Been,  whose  altitude  was  computed  to  be  earth  can  have  no  definite  boundary,  hut  may 
seventy-three  miles  above  the  surface  of  the  be  said  to  mingle  with  the  atmospheres  of  all 
earth.  On  the  18lh  of  August,  1783,  a  bril-  the  other  planets  which  belong  to  our  system, 
liant  fire-ball  passed  over  Britain  and  the  ad-  There  is  a  certain  portion  of  atmospheric  air, 
jacent  countries;  and,  from  various  circum-  however,  which  must  always  be  considered  as 
stances  which  were  particularly  marked  by  attached  to  the  earth,  and  which  revolves  with 
diflferent  observers,  it  was  calculated  that  ils  it  in  its  diurnal  rotation,  and  is  carried  along 
elevation  above  the  earth  could  not  be  leas  with  it  in  its  course  round  the  sun.  Iftheatmo- 
than  ninety  or  a  hundred  miles.  In  passing  sphere  did  not  revolve  along  with  the  earth,  we 
over  certain  parts  of  England  a  loud  report  should  constantly  experience  an  easterly  wind, 
was  heard  and  a  hissing  noise.  The  meteor  blowing  with  an  immense  velocity  of  more 
of  1719  is  said  to  have  been  attended  with  an  than  a  thousand  miles  an  hour,  which  would 
explosion,  which  was  heard  over  the  whole  produce  a  most  tremendous  hurricane,  which 
island  of  Great  Britain,  occasioning  a  violent  would  level  with  the  ground  houses,  trees, 
concussion  of  the  atmosphere,  and  seeming  to  forests,  and  every  prominent  object  on  the 
shake  even  the  earth  itself.  Now,  in  these,  surface  of  the  earth.  But  the  particular  re- 
am! multitudes  of  similar  phenomena,  we  have  gion  where  the  motion  of  the  atmosphere  ter- 
uistances  oi^  fire  and  flame  being  supported,  minates,  it  is  impossible  for  us  to  ascertain, 
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CHAPTER  VI. 

The  Composition  of  the  Atmosphere. 

For  a  long  series  of  ages,  air  was  considered  such  splendour  that  the  eye  can  scarcely  bea? 
by  philosophers  as  one  of  the  four  elements  the  glare  of  light,  and,  at  the  same  time,  pro- 
of which  all  things  are  composed,  the  other  duces  a  much  greater  heat  than  when  burning 
three  Ix'ing  fire,  earth,  and  water.  But  the  in  common  air.  If  a  piece  of  iron  wire,  a 
discoveries  of  modern  chemistry  have  fully  watch-spring,  or  a  steel  file,  armed  with  a 
demonstrated  that  all  these  are  compound  piece  of  wood,  or  phosphorus,  in  an  inflamma- 
bodi.es — that  even  the  air  itself,  fine  and  in-  ble  state,  be  put  into  this  gas,  the  steel  will 
visible  as  it  is,  is  not  a  simple  substance,  but  take  fire,  throwing  out  sparks,  and  producing 
compounded  of  different  ingredients.  This  is  the  most  brilliant  appearance,  almost  dazzling 
one  of  the  most  curious  and  interesting  dis-  the  eye  with  their  splendour.  In  the  next 
coveries  of  modern  times ;  and  little  more  than  place,  it  is  essential  to  the  support  of  animal 
seventy  years  have  elapsed  since  it  was  first  life;  for  it  has  been  proved  by  many  experi- 
surmised  that  the  atmosphere  is  not  a  sim»  ments,  that  no  animal  can  exist  for  a  single 
pie  and  homogeneous,,  but  a  compound  fluid,  moment  in  any  kind  of  air  which  does  not 
The  experiments  which  led  to  this  discovery  contain  a  certain  portion  of  oxygen;  so  that 
were  first  made  by  Dr.  Priestley,  on  the  first  man,  and  all  the  other  ranks  of  animated  be- 
of  August,  1774,  on  which  day  he  obtained  ings,  may  be  said  to  depend  upon  this  sub- 
what  was  then  termed  dephlogisticated  air,  now  stance,  not  only  for  their  comforts,  but  for 
known  by  the  name  of  oxygen  gas,  and  which   their  very  existence. 

forms  one  of  the  constituent  principles  of  at-  Again,  the  basis  of  ox3^gen  gives  the  acid 
mospberic  air.  It  was  also  discovered  in  the  character  to  all  mineral  and  vegetable  salts, 
year  1775,  by  M.  Scheele,  a  Swedish  chemist,  from  which  property  its  name  is  derived;  for 
without  any  previous  knowledge  of  what  Dr.  the  term  oxygen  literally  signifies,  the  gene- 
Priestley  had  done,  and  he  gave  it  the  name  rator  of  acids.  In  short,  oxygen  is  the  vehicle 
of  empyreal  air,  from  its  powerful  influence  in  of  heat  to  the  animal  system — it  imparts  the 
supporting  flame.  But,  instead  of  entering  red  colour  to  the  blood  in  its  passage  through 
into  the  history  of  such  discoveries,  and  of  the  the  lungs— it  constitutes  the  basis  both  of  the 
processes  by  which  they  were  made,  a  few  of  atmosphere  which  surrounds  the  earth,  and 
the  properties  possessed  by  the  diflerent  ingre-  of  the  water  which  forms  its  rivers,  seas,  and 
dients  of  which  our  atmosphere  is  composed  oceans;  for  water  is  found  to  be  nothing  else 
may  be  simply  stated.  than  a  combination  of  two  kinds  of  air,  oxygen 

The  air  of  the  atmosphere,  then,  is  found  and  hydrogen  gas.  It  pervades  the  substance 
to  consist  chiefly  of  two  very  opposite  princi-  of  all  the  vegetable  tribes,  and  enables  them 
pies  or  fluids,  termed  oxygen  gas,  and  nitro-  to  perform  their  functions.  In  combination 
gen  gas,  along  with  a  very  small  proportion  with  the  difTerent  metals,  it  serves  the  most 
of  fixed  air,  or  carbonic  acid  gas.  If  any  por-  important  purposes  in  the  useful  arts;  and,  on 
lion  of  the  atmosphere,  such  as  the  air  in  our  the  whole,  may  be  considered  as  the  most  ex- 
apartments,  be  supposed  to  be  divided  into  a  tensively  useful,  and  the  most  powerful  and 
hundred  equal  parts,  twenty-one  of  these  parts  energetic  agent  in  the  system  of  nature, 
will  be  oxygen  gas,  about  seventy-eight  nitro-  Oxygen  gas  may  be  procured  from  a  variety 
gen,  anil  a  hundredth  part,  or,  according  to  of  substances,  particularly  from  nitre,  manga- 
some  chemists,  a  thousandth  part,  will  be  fixed  nese,  and  the  red  oxyde  of  mercury,  and  also 
ajr^  or  carbonic  acid  gas.  In  the  first  place,  a  from  vegetables  immersed  in  water  and  ex- 
fcvif  remarks  shall  be  offered  on  the  nature  posed  to  the  solar  ray sV  It  is  heavier  than 
and  properties  of  oxygen  gas.  common  air,  nearly  in  the  proportion  of  eleven 

This  gas,  like  common  air, is  colourless,  in-  to  ten;  one  hundred  and  sixteen  cubic  inches 
visible,  and  elastic,  and  capable  of  indefinite  of  oxygen  are  found  to  weigh  about  thirty- 
compression  and  expansion.  Its  peculiar  and  nine  grains,  while  the  same  quantity  of  com 
distinguishing  properties  are  : — 1st.  It  is  esse n-  mon  air  weighs  only  thirty-five  and  a  half 
tial   to  combustion,  and  is  the  only  principle   grains. 

with  which  we  are  acquainted  by  which  flame  One  ot  the  most  extraordinary  effects  of 
can  be  supported.  When  acting  by  itself,  it  oxygen  appears  when  it  is  combined  with  ni- 
producos  the  most  rapid  conflagration  of  all  trogen  in  a  certain  proportion,  fjo  as  to  fif/rm 
combustible  substances.  If  a  lighted  taper  be  what  is  commonly  called  nitrous  oxyde.  Thin 
let  down  in  a  jar  of  oxygen  gas,  it  burns  with  gas  consists  of  sixty-three  parts  nitrogen  and 
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thirty-seven  parts  oxygen.  When  it  is  put  ences  no  uncommon  exhilaration,  but  is  haM« 
into  a  bladder,  and  inhaled  into  the  lungs,  by  tually  cheerful,  whereas,  before,  he  was  habi- 
means  of  a  pipe,  and  shutting  the  nostrils,  it  tually  grave,  and  even,  to  a  degree,  gloomy 
produces   an    extraordinary   elevation    of  the    and  melancholy." 

animal   spirits — involuntary  muscular  motion        The  writer  has  inhaled   this  gas,  and  can 

— a  propensity  to  leaping  and  dancing — invo-    attest  its  pleasing  and  exhilarating  effects.    It 

luntary   hursts   of  laughter — a    rapid   flow   of   produced  a   disposition  to  laughter,   which  no 

vivid    and   agreeable  ideas,   and    a   thousand    consideration   could  resist,   and  a  wish  to  floe 

delightful   emotions,   without  being  succeeded    from  the  apartment  in  which  the  experiment 

by  any  subsequent  feelings  of  languor  or  debi-    was  performed,  that  laughter  might  be  indulged 

lity.     When  Mr.  Southey,   the  poet,  inhaled    without  restraint.     It  produced,  likewise,  an 

this  gas,   he  declared    that  it  produced  in  him    agility  and  a  tendency  to  skip  and  jump  ;  and, 

sensations  perfectly  new  and  delightful.     His    during  its    effect,    a    flow    of  pleasing    ideas 

first  sensations  were  a  kind  of  dizziness,  so  as    passed  through  the  mind,   and  the  lapse   of  a 

to   produce,  a  fear  of  falling.     This  was  sue-    few  seconds  seemed   to  be  magnified  into  as 

ceeded  by  a  laugh,  which  was  involuntary  but    many  hours.     He    b^as    witnessed    its  effects 

highly  pleasurable,  accompanied  with  a  pecu-    both  on  the  male  and  on  the  female  sex.      He 

liar  thrilling  in  the  extremities  perfectly  new,    has  seen  a   little  grave  man,  possessed   of  a 

and  with  the  most  delightful  sensations.    For    meek    and     well-cultivated     mind,     capering 

many  hours  after  this  experiment,  he  imagined    through  the  room  with  all  the  airs  of  a  king, 

that  his  taste  and  smell  were  more  acute,  and    brandishing  hisstaflT,  and  jumping  till  his  head 

is  certain  that  he  felt  unusually  strong  and    nearly  touched  the  ceiling  of  the  room,  about 

cheerful.  eight   feet    high.     When,    afterwards,    asked 

In  Professor  Silliman's  American  Journal   why  he  brandished  his  stick,  as  if  he  had  been 

of  Science,  we  have  the  following  account  of  going  to  fight,  he  replied,  that  he  imagined 

the  eflTects  of  this  air  on  one  of  the  professor's    there    was   a  beautiful  and   extensive  scene 

students,    at    Yale    College,    New    Haven,    before   him,   which  he  wished  to  approach  ; 

"  The  person  on  whom  the  experiment  was    but  was   prevented   by   the  company   around 

made,  was  a    man  of  mature  age,  and  of  a    him,  and,   therefore,  was  obliged  to  clear  his 

grave  character.     For   nearly  two  years  pre-    way,   like   a   policeman    when  keeping  off  a 

vious  to  his  taking  the  gas,  his  health  was  so    crowd.     The  writer  has,  also,   seen  a  female 

very  delicate,    and   his  mind  so   gloomy  and    rj^pt  into  perfect   ecstacy  in   consequence  of 

distressed  that  he  was  obliged  almost  entirely    the  feelings  she  experienced,   expressing  her 

to  discontinue  his  studies.     In  this  state  of  emotions  in    the   most    poetic    exclamations, 

debility,  he  inhaled  about  three  quarts  of  the    and  tossing  her  shawl,  her  head  dress,   and 

nitrous  oxide.     The  consequences  were,   an    her  slippers,  from  her  as  unworthy  of  atten» 

astonishing  invigoration  of  the  whole  system,    tion,  and  altogether   regardless  of  the   looks 

and  the  most  exquisite  perception  of  delight,    and  opinions  of  surrounding  spectatorso    But, 

These  were  manifested  by  an  uncommon  dis-    in  order  that   this  gas   may  produce   its  full 

position  for  mirth  and  pleasantry,  and  by  ex-    effect,  it  requires  some  attention  and  dexterity 

traordinary  muscular  power.     The  effects  of  in  breathing  it.    The  nostrils  must  be  stopped, 

the  gas   were  felt  without  diminution   for  at    and  no  atmospheric  air,  if  possible,  should  be 

least  thirty  hours  ;  and,   in  a   greater  or  less    allowed  to  mix  with  the  nitrous  oxyde.     For 

degree,  for  more  than  a  week.     But  the  most    want  of  attending  to  such  precautions,  some 

remarkable    effect  was    upon   the   organs    of  persons  who  attempt  to  breathe  it,  never  felt 

taste.     Before  taking  the  gas,  he  felt  no  pe-    its  peculiar  effects. 

culiar  choice  in  the  articles  of  food  ;  hut,  im-  It  has  been  ascertained  from  various  expe» 
mediately  after  that  event,  he  manifested  a  riments,  particularly  from  those  made  by  the 
taste  for  such  things  only  as  were  sweet,  and,  late  8ir  Humphrey  Davy,  that  the  nitrous 
for  several  days,  ate  nothing  but  sweet  cake,  oxyde  produces  a  somewhat  similar  effect 
His  singular  taste  was,  indeed,  carried  to  such  upon  insects,  and  other  animals,  which  are 
excess,  that  he  used  sugar  and  molasses,  not  found  to  jump  and  caper  about  in  a  frolicsome 
only  upon  his  bread  and  butter  and  lighter  manner,  as  if  highly  delighted,  when  immersed 
food,  but  even  upon  his  li"esh  meat  and  vege-   in  this  gas. 

tables  ;  and  this  he  continues  to  do  (says  the  These,  and  other  effects,  arising  from  the 
narrator)  at  the  present  time,  although  eight  breathing  of  this  very  singular  fluid,  show  us 
days  have  elapsed  since  he  inhaled  the  gas.  with  what  ease  the  Almighty  could  produce 
His  health  and  spirits  since  that  time  have  in  us  either  the  most  delightful  or  the  most 
been  uniformly  good,  and  he  attributes  the  painful  sensations,  merely  by  a  shght  modifi- 
restoration  of  strength  and  mental  energy  to  cation  or  change  of  the  principles  of  which  tho 
the  influence  of  the  nitrous  oxyde.  He  is  atmosphsre  is  composed.  Certain  combina- 
quite  regular  in  his  mind,  and  new  experi-  tions  of  oxygen  and  nitrogen  gas  would  pro- 
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duce  a  fluid,  which  would  inflict  the  most  ex- 
cruc  ating  pain,  and  destroy  the  corporeal  sys- 
tem in  a  few  minutes.  Sulphuric  acid,  or 
aquafortis,  a  most  deadly  fluid,  when  taken 
into  the  mouth  or  stomach,  is  composed  of 
seventy-five  parts  oxygen  and  twenly-five  parts 
nitrogen,  which  is  only  a  different  proportion 
of  the  same  ingredients  which  constitute  the 
air  we  breathe.  Were,  therefore,  our  atmo- 
sphere composed  of  such  a  proportion  of  these 
two  gases,  it  is  easy  to  foresee  the  fatal  conse- 
quences which  would  result  from  breathing 
such  a  fluid.  On  the  other  hand,  we  may 
learn  how  an  intelligent  mind  connected  with 
a  corporeal  frame,  somewhat  analogous  to  ours, 
may  be  preserved  in  a  state  of  uniform  cheer- 
fulness, and  even  of  exquisite  delight,  by 
breathing  an  atmosphere  somewhat  similar  to 
that  of  nitrous  oxyde.  In  other  worlds,  where 
the  inhabitants  have  retained  their  original 
integrity,  this  may  be  the  case.  The  other 
planets  of  our  system  or  of  other  systems, 
although  encompassed  with  atmospheres,  may 
have  them  of  very  different  qualities  from  ours, 
as  to  their  transparency,  their  refractive  and 
reflective  powers,  and  the  influence  they  pro- 
duce on  the  mental  and  corporeal  constitution 
of  their  inhabitants.  Our  atmosphere  ex- 
hibits evident  marks  of  Divine  wisdom  and  be- 
nevolence ;  but  it  is  adapted  to  man  considered 
as  in  a  state  of  depravity  and  imperfection, 
and  appointed  to  a  short  mortal  existence, 
and  is  not  fitted  to  preserve  him  in  an  immor- 
tal existence  in  the  present  state,  as  was  pro- 
bably the  case  when  this  world  was  first  ar- 
ranged, and  when  man  proceeded  from  the 
hands  of  his  Creator  as  a  holy  being. 

The  next  component  part  of  the  atmosphere 
is  nitrogen  gas,  or  what  is  sometimes  termed 
azote.  It  is  chiefly  distinguished  by  its  nega- 
tive qualities.  In  the  first  place,  no  combusti- 
ble body  will  burn  in  it ;  for,  if  a  burning 
candle  be  immersed  in  a  jar  filled  with  nitro- 
gen, it  will  be  extinguished  as  instantaneously 
as  if  plunged  in  water.  If  a  lighted  taper  be 
put  into  a  close  vessel  full  of  common  air,  it 
will  burn  till  all  the  oxygen  be  consumed, 
after  which,  as  nothing  but  nitrogen  remains, 
it  will  instantly  go  out.  In  the  next  place,  it 
is  incapable  of  supporting  animal  life  ;  for,  if 
any  living  being  be  obliged  to  respire  it,  it 
drops  down  dead  almost  instantaneously  ;  and, 
from  this  circumstance  it  derived  the  name  of 
azote,  which  signifies  life-depriver.  It  is  this 
gas  which  passes  from  the  lungs  at  every  ex- 
piration ;  and,  were  we  to  breathe  it  again, 
without  any  mixture  of  other  air,  we  should 
be  instantly  sufibcated.  But,  being  lighter 
than  atmospheric  air,  it  rises  above  our  heads, 
and  enters  into  new  combinations.  It  is 
owing  to  the  presence  of  this  gas,  rising  from 
se%'erai  hundreds  or  thousands  of  lungs,  that 
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candles  burn  so.  dimly  in  the  higher  parts  of 
crowded  churches  and  assemblies.  It  is, 
therefore,  a  striking  consideration,  that  nearly 
four-fifths  of  ihe  air  we  breathe  consist  of  this 
noxious  and  destructive  fluid.  But,  though  it 
is  destructive  to  animal  life,  it  forms  an  im- 
portent  element  in  the  system  of  nature :  it 
enters  extensively  into  combination  with  other 
substances;  and  its  existence  in  such  a  large 
quantity  is  a  chief  distinction  betv/een  the  con- 
stitution of  animal  and  vegetable  matter.  It 
likewise  exists  in  the  products  of  several  vege- 
tables, and  appears  to  be  favourable  to  plants 
and  flowers,  which  vegetate  freely  when  sur- 
rounded with  nitrogen.  This  gas  is  perma- 
nently elastic,  transparent,  colourless,  and  in- 
odorous. Its  specific  gravity  is  0*9748,  that 
of  common  air  being  1-000  ;  and  one  hun- 
dred cubic  inches  of  it  weigh  about  thirty 
grains.  It  slightly  tinges  delicate  blue  colours 
with  green. 

The  other  ingredient  mentioned  as  forming 
a  small  portion  of  the  atmosphere,  is  carbonie 
acid  gas,  or  what  was  formerly  called  fixed 
air.  This  gas  constitutes  about  a  hundredlh, 
or,  according  to  some  chemists,  about  a  thou- 
sandth part  of  the  atmosphere.  It  is  found  in 
a  state  of  combination  with  limestone,  chalk, 
marble,  manganese,  and  other  substances,  from 
which  it  may  be  extracted  bj  the  application 
of  heat,  or  of  the  mineral  acids,  and  m  con- 
siderable abundance,  in  mines,  caves,  the  bot- 
tom of  wells,  in  wine-cellars,  brewers'  vats, 
and  in  the  neighbourhood  of  lime-kilns.  It  is 
invisible  and  elastic,  and  is  the  heaviest  of  all 
the  gases,  being  considerably  heavier  than 
common  air;  and,  therefore,  may  be  poured 
from  one  vessel  to  another,  like  water.  Its 
specific  gravity  is  1-5123,  that  of  common  air 
being  reckoned  1-0000,  so  that  its  gravity  k 
more  than  one  and  a  half  that  of  atmospheric 
air.  One  hundred  cubic  inches  of  oxygen 
weigh  nearly  thirty-four  grains,  while  one 
hundred  cubic  inches  of  carbonic  acid  weigh 
more  than  forty-six  and  a  half  grains.  It  is 
this  gas  which  has  deprived  of  life  many  indi- 
viduals who  have  descended  into  deep  wells 
which  had  been  long  shut  up  from  the  air,  and 
which  produces  so  many  ravages  in  coal-mines, 
under  the  name  of  the  choke-damp;  for  it  is 
almost  instantaneously  fatal  to  all  animals  that 
breathe  it.  Wherever  it  is  found,  it  alwaj's 
occupies  the  lowest  place,  on  account  of  its 
superior  weight;  and,  therefore, in  those  caves 
where  it  abounds,  a  person  may  walk  erect 
without  danger;  but  were  he  to  lie  down,  he 
would  be  instantly  suffocated.  The  Giotto  del 
Cani,  or  the  Dog's  Grotto,  in  Italy,  is  well 
known.  Il  is  an  artificial  cave,  in  which  there 
is  a  constant  natural  exhalation  of  carbonic- 
acid  gas.  The  following  feat  is  shown  to 
strangers  :— A  man  carries  in  a  dog,  and  places 
4u2  (IDS'?). 
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nim  on  the  Hoor;  the  dog,  if  left  long  enough,  requires  to  be  cleaned,  ahurning  candle  sbony 

dies  ;  but  the  man  is  not  affected  ;  for  the  car-  be  let  down  with  a  cord,  and  if  it  go  out  be- 

benic-acid    gas,  by   its    weight,  occupies    the  fore  reaching  the  bottom  of  the  well,  no  per- 

lowest  stratum  of  about  eighteen  inches  depth,  son  ought  to  venture  down  before  the  noxious 

and  the  stratum  above  that  height  is  pure  air.  air  is  removed. 

But  that  it  is  poisonous  to  man,  is  evinced  by  Such,  then,  are  the  three  constituent  prin^ 

the   fate    of  persons  who  incautiously  expose  ciples  of  the  atmosphere  in  vyhich  we  live  arxJ 

themselves   to  the  vapours  of  charcoal    burn-  breathe.    We  ought  not,  however,  to  conceive 

Jng  in  ill-ventilated  apartments,  or  who  venture  that  the  principles  which  form  our  atmosphere, 

into  large  vessels,  in  which   fermentation   had  and   the   proportion    in  which    they  arc   com-- 

been  conducted,  as  in  breweries  and  distilleries,  bined,  constitute  the  only  fluid  which  is  fitted 

Many  persons,  from  ignorance  of  the  preva-  for  supporting  animal  life  and  vigour.     It  is  a 

lence  of  this  gas  in  the  vicinity  of  lime-works,  fluid  which  seems  to  be  adapted  only  to  mor- 

have  Iain  down  to  repose,  and  in  a  short  time  tal  men,  and    calculated  to  support  the  vital 

have  slept  the  sleep  of  death.     As  this  gas  is  functions  only  to  the  period  of  eighty   or  one 

destructive    to   animal   life,  so  it  extinguishes  hundred  years.     It  is   not  at  all  improbablcj 

flame.     This  can  be  strikingly  shown  by  let-  that  it  is  owing  to  the  large  proportion  of  ni- 

ting  down  a  burning  taper  to  the  bottom  of  a  trogen  which  enters  into  the  composition   of 

glass  jar,  filling  a    bottle  with    carbonic-acid  the  atmosphere  that  renders  it  unfit  for  sup- 

gas,  and  pouring  it  as  if  it  were  water  into  porting  human  life  beyond  a  certain  short  and 

the  jar;  the  flame  is  immediately  extinguished,  limited  period;  and  that,  were  a  much  larger 

It  is  fhis  gas  which   gives  briskness  and  an  quantity  of  oxygen  combined  with  other  gases^ 

agreeable   pungency    to   fermented    liquor,  as  in    a    certain    proportion,    and     some     slight 

porter  and   ale,  and  which   appears  on   their  changes  effected  in  the  other  elements  of  na- 

surface  in  the  form   of  a   white    froth.     All  ture,  the    lives   of  men    and    other    animal* 

kinds  of  spring  and  well  water   contain  car-  might   be  protracted   to  several    hundreds  ob 

bonic  acid,  which  they  obsorb  from  the  atmo-  thousands   of    years,    and    their   spirits    pre- 

sphere,  and  to  which  they  are  partly  indebted  served,   at   the  same   time,  in    uninterrupted 

for  their  agreeable  flavour.     Boiled  water  has  cheerfulness  and  vigour.     Nor  is  it  altogether 

an  insipid  taste  from  the  absence  of  carbonic  improbable  that,  in   the   course  of  those  im- 

acid.  provements    which    are     now    commencing 

The  base   o{   carbonic-acid    gas  is  distin-  throughout  the  world,  the   air  of  our  atmo- 

guished    by  the    name   of  carbon,   which    is  sphere  may  be  greatly  ameliorated,  and  ren- 

nearly  allied  to  charcoal.     It  exists  largely  in  dered    more    salubrious   and    invigorating    to 

animal   substances,  and   is   extensively  distri-  animated  beings,  when  the  stagnant  marshes 

buted   in   the   mineral    kingdom.     The    only  which  abound  in  every  part  of  the  globe  shal! 

i>ody  in  which  carbon  has  been  found  to  exist  be  completely  drained  ;  when  those  immense 

In  a  state  of  absolute  purity,  is  the  diamond — -  forests  which  now  cover  a  great  part  of  Asia, 

a    precious    stone    which    has    always    been  of  New   Holland,    and   of  the   continent   of 

esteemed  as  the  most  valuable  of  the  gems;  a  America,    shall  be  cut   down,    and    the    soil 

superiority   which   it    owes   to    its    hardness,  laid  open  to  the  influence  of  the  solar  rays — • 

lustre,   and    high    refractive   power.      It  imi-  when  the  reefs  which  are  now  rising  from  tb« 

formly   occurs   crys'allized,   and    presents    a  ocean,   by  the   agency   of  minute    creatures, 

great  variety  of  forms.     Its  specific  gravity  is  shall  be  formed  into  continents  and  islands — ^- 

S.5,  water  being  1.     Its  hardness  is  extreme,  when   the   barren  desserts  of  Africa  shall  ba 

so  that  it  can  be  worn  down  only  by  rubbing  transformed,  by  human  science  and  industry, 

tme  diamond   against  another,  and  is  polished  into  fruitful  fields — when  the  soil  throughout 

only  by  the  finer  diamond  powder.     The  dia-  every  region  of  the  globe  shall  be  universally 

mond,  by  being  intensely  heated  with  a  burn-  cultivated — when  those  immense  thickets  and 

ing-glass  in  oxygen   gas,  burns  with  a  bright  jungles  where  the  lion  and  the  tjger  now  roan) 

red  light,  and  converts  the  oxygen  into  pure  undisturbed,  shall  be  changed  into  corn-fieldsj, 

carbonic-acid  gas,  as  charcoal  does.    Carbonic-  gardens,  and  orchards,  and  become  the  seats 

acid   gas,  is,  therefore,  to  be  considered  as  a  of  civilization  and  of  peace — in   short,  when 

solution  of  diamond  in  oxygen  gas,  even  when  the  whole  earth  shall  form  one  wide  scene  of 

•it  is  prepared  by  the  combustion  of  mere  char-  rural  and  architectural  beauty — we  have  every 

coal.     It  may  not  be  altogether  useless  to  re-  reason  to  befieve  that  then  the  diiferent  cli- 

'inark,  that  in  all  places,  such  as  wine-cellars,  mates  of  the  earth  will  be  greatly  meliorated  ; 

vaults,  and  deep  wells,  where  the  presence  of  that  the  fur3f  of  those  stormrs  which  now  carry 

carbonic-aeid  gas  is  suspected,  it  is  proper  to  destruction    in    their    train    will    be    greatly 

nse  the  precaution  of  trying  whether  a  candle  abated — and  that  the  very  atmosphere  round 

•or  taper  will  burn   in  such  places  before   we  us  will  ))e  so  modified,  purified,  and  improved, 

■'■venture  into  them.     If  it  be  u  deep  well  that  so  as  to  render  it  capable  of  proiorigiog  the 
(1058) 
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Mfe  of  mnn  for  perhaps  two  rr  throe  hundred  which  then  existed,  that  the  lives  of  the  ante- 
years.  Such  cMects  ("orres)  ond  to  what  is  diluvians  were  prolonged  to  nearly  a  thousand 
predicted  respecting  the  state  of  ;.the  world  years.  At  the  period  of  that  'awful  catas- 
during  the  millennium,  when  the  instruments  trophe,  when  the  fountains  of  the  great  deep 
«f  warfare  shall  he  beaten  inlo  plough-shares  v/ere  broken  op,  and  the  windows  of  heaveo 
and  pruniog-hooks;  when  peace  shaiKreign  were  opened,  and  the  solid  strata  of  the  earth 
eriunsphur-t  over  the  world,  and  when  every  disrupted,  it  is  probable  that  the  atmosphere, 
man  shall  sit  under  his  vine  and  fig-tree  with-  loo,  underwent  an  important  change  by  the 
out  fear  of  annoyance.  At  which  period  it  is  dissolution  of  some  of  its  elementary  parts,  so 
predicted  that  the  life  of  man  shall  be  extended  that  it  had  a  tendency  to  cut  short  the  lives 
I)ey0nd  its  present  boundaries.  For  thussaith  of  mankind  in  all  suct-eeding  ages;  and,  till 
Jehovah,  "  As  thp  days  of  a  tree*  are  the  the  ruins  which  were  produced  by  that  physi» 
days  of  my  people" — "  they  shall  build  houses,  cal  convulsion  be  in  some  measure  repaired,, 
and  inhabit  them  :  and  they  shall  plant  vine-  the  same  cause  will  produce  the  same  effects, 
yards  and  eat  the  fruit  of  them;  .  .  .  and  In  short,  an  atmosphere  is  not  peculiar  to 
mine  elect  shall  long  enjoy  the  work  of  their  the  globe  on  which  we  dwell.  We  know, 
hands."  "Then  shall  the  earth  yield  her  from  observation, that  the  planets  Mars,  Venus, 
increase;  and  God,  even  our  own  God,  shall  and  Jupiter,  are  furnished  with  atmospheres; 
Idess  us."  and  it  is  probable  that  every  planetary  world 

All  the  operations  nnd  ameliorations  now   has  a  similar  appendage.     But  their'  nature 
alluded  to  aae  perfectly  practicable,  were  the    may  be  as  different  from  ours  as  are  the  na- 
moral  state  of  man  improved.     Could  we  un-   ture  of  their  inhabitants  and  the  constitutioo 
dermine  the  principle  of  avarice   and  selfish-   of  the  globes  on  which  they  reside.     While 
siess  in  the  human   heart ;  could  we  promote   our  atmosphere  is  fitted  only  to  prolong  the 
a  spirit  of  harmony  and  general  benevolence    lives  of  mortal  men  for  a  limited  number  of 
among   human  beings;  and   were  the  whole   years,  the  atmospheres  of  some  of  the  other 
body   of  mankind   to   exert   their   powers   in   planets  may  be  so  impregnated  with  the  vital 
wnison,  in  the  cause  of  universal  improvement   principle  as  to  support  immortal  bodies  in  un- 
—this  earth,  which,  in   many  places,  appears   decaying  vigour,  and  to  cause  such  an  eleva- 
like   a    world    in   ruins,    might,  ere   long,   be   tion  of  spirits   as  will   produce  uninterrupted 
'iransformod  into  one  wide  terrestrial  })aradise,    ecstasy   and   delight.     And    all    this  may   be 
But  principles  and  dispositions  directly  oppo-   effected  by  the  same  elementary  principles  of 
site  to  these,  have,  for  the  most  part,  hitherto    which   our  atmosphere  is   composed,  but  dit- 
prevailed.     The   present   state   of    the  moral    ferently    modified    and    compounded    by    the 
world,  and    the  infernal   passions  which  have   hand    of  the    Almighty.      The    experiments 
raged   among    njankind    tor   ages    past,   have    with  nitrous  oxyde,  formerly  mentioned,  show 
rendered   it   expedient,  in   the   moral  govern-   «s  what  striking  effects  may  be  produced   by 
ment  of  the  Almighty,  that  the   life   of  man   different  combinations  of  the   gaseous   fluids: 
should  not  extend   much   beyond  "  threescore   and,  therefore,  it   is   not   improbable  that   the 
years  and  ten,"  in  order  that  wickedness  may    atmospheres  of  all  the  worlds  in  the  universe 
5e  kept  within  certain   bounds.     And,  there-   are  only  different  modifications  of  these  sub» 
fore,  no  extraordinary  or  extensive  improve-   stances,  suited   to   the   constitutions  of  their 
ments   in   science  and   art,  or  in  the  general   inhabitants,  and   the  spheres   they  occupy  in 
cultivation  of  the  earth,  can  be  expected  till   creation.     In  the  operations  of  the  Almighty 
the  moral   powers  of  man   be  cultivated  and   throughout  the  system  of  nature,  we  perceive 
improved  along  with  the  intellectual ;  till  the   '^  striking  simplicity  in  the  means,  producing 
religion  of  Jesus  be  universally  recognized  in    an    infinite    variety    of    astonishing    results, 
all   its  bearings;   till  its   holy   principles  and    From  a  few  simple  substances — caloric,  light, 
practical   precepts   pervade   every  heart;   and   water,  air,  and  carbon — are  produced  all '^the 
till   a   spirit  of  love,  kindly  affection,  and   be-   diversity  of  forms   and   colours  which   appear 
nevolence  distinguish  the  general  mass. of  SO"   among  the  sixty   thousand   species  of  plants 
ciety  in  every  land.  which  adorn  the  vegetable  kingdom,  and  a^ 

But,  to  return  from  this  digression,  it  may  n^'^st  all  the  diversified  phenomena  of  sublu» 
be  further  remarked,  that  it  is  highly  probable  "^ry  nature.  And  it  is  not  unlikely  that  dif 
that  the  component  parts  of  the  atmosphere,  ferent  combinations  of  these,  and  a  few  other 
in  the  ages  before  the  flood,  were  very  differ-  substances,  produce  all  that  variety  which  ap- 
en t  from  what  they  now  are,  and  that  it  was  P^ars  throughout  the  boundless  universe;  and 
owing  to  the  peculiar  constitution  of  the  air  '"^y  give  birth  to  all  the  changes  and  revolu- 
tions through  which  the  different  systems  of 
•  Certain  species  of  irees  are  said  to  continue  ^'^^^^^^  "^^^^  P«««  ^"'''"g  every  period  of  infi- 
in  vigour  during  a  period  of  five  hundred  years,  as  "*^^  duration.  For  He  who  arranged  the 
«feo  oak  and  severaJ  other  trees.  system  of  universal   nature  "  is  wonderful  in 
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counsel,   and   excellent   in    working" — "his  ble,   and   the   ways  of  his  providence  "  paa^ 
wisdom  is  unsearchable,"  his  power  irresisti-  finding  out." 


CHAPTER  Vn. 


The  Beneficial  Effects  of  the  Atmosphere  in  the  System  of  Nature. 

This  subject  presents  an  immense  field  of  From  the  various  proportions  in  which  these 
contemplation,  which  it  would  require  several   ingredients  are   combined,   results  almost   all 
volumes  fully  to  illustrate  ;  and,  therefore,  a   the   variety   of  vegetable  matters  which  fall 
few  general  statements  and   illustrations  can   under  our  notice, 
only  be  given.  To  the  atmospheric  influence,  therefore,  we 

1.  In  the  first  place,  air  is  essentially  re-  are  indebted  for  all  the  productions  of  our 
quisite  to  the  germination  and  growth  of  fields  and  gardens,  and  for  all  that  diversity  of 
plants;  and,  therefore,  to  the  influence  of  prospect  and  colouring  which  the  vegetable 
atmospheric  air  all  the  beauties  of  the  vegeta-  tribes  spread  over  the  landscape  of  the  worldo 
ble  creation  are  to  be  chiefly  ascribed.  By  It  is  true,  it)deed,  that  water  is  also  necessary 
experiment,  it  is  found  that  the  access  of  at-  for  the  production  of  plants.  But  what  is 
raospheric  air  is  no  less  necessary  for  plants  water  1  It  is  nothing  else  than  a  composition 
than  it  is  for  the  continuation  of  animal  life,  of  two  kinds  of  air,  oxygen  and  hydrogen, 
Like  animals  they  are  found  to  die  when  con-  combined  in  certain  proportions.  Now,  it  is 
fined  within  a  vacuum,  or  deprived  oi'  the  found  that  plants  have  the  power  of  decom- 
vital  air.  The  influence  of  the  atmosphere  posing  water  into  these  two  principles,  throw- 
is  equally  essential  at  every  period  of  their  ing  otfa  part  of  the  one,  and  absorbing  a  pari 
existence,  from  the  germination  of  their  seeds  of  the  other.  The  elasticity  of  the  air  has 
to  the  full  development  of  all  their  organs  in  hkewise  an  important  influence  on  the  air= 
the  perfect  plant.  Their  leaves,  acting  in  vessels  of  vegetables ;  for  the  contained  air, 
some  measure  like  the  lungs  of  animals,  ab-  alternately  expanding  and  contracting,  accord- 
sorb  oxygen  gas  during  the  night,  and  carbo-  ing  to  the  increase  or  diminution  of  the  heat, 
nic-acid  gas  during  the  day  ;  and  this  alternate  alternately  presses  the  vessels,  and  eases 
process  is  found  to  be  essential  to  their  growth  them  again,  thus  keeping  up  a  perpetual  mO" 
and  nourishment.  Even  the  green  colour  of  tion  of  their  juices.  It  has  likewise  been  as- 
plants,  which  is  produced  chiefly  by  the  influ-  certained,  from  recent  experiments,  that  the 
ence  of  light,  is  proved  not  to  be  perfected  pressure  of  the  atmosphere  has  a  powerful 
without  the  co-operation  of  oxygen  gas.  It  is  influence  on  vegetation,  which  suggests  to  us 
found  that  pure  air,  or  oxygen  gas,  may  be  one  of  those  causes  which  prevent  trees  from 
procured  by  putting  the  leaves  of  plants  into  flourishing  on  the  elevated  sides  of  lofty 
w^ater,   and   exposing  them  to   the  sun.     In   mountains. 

purifying  contaminated  air.  Dr.  Priestley  dis-  2.  The  pressure  of  the  atmosphere  has  an 
covered  that  vegetables  answered  this  purpose  influence  in  preserving  water  in  the  state  in 
most  effectually.  Having  rendered  a  quan-  which  we  find  it.  Nothing  is  of  more  impor- 
tity  of  air  very  noxious,  by  mice  breathing  tance  to  the  comfort  of  man  and  other  crea- 
and  dying  in  it,  he  divided  it  into  two  re-  tures,  and  to  almost  all  the  processes  of  the 
ceivers,  inverted  in  water,  introducing  a  arts,  than  water — without  which  our  globe 
sprig  of  mint  into  one  of  them,  and  keeping  would  be  transformed  into  an  immense  desert, 
the  other  receiver,  with  the  contaminated  air  But,  if  there  were  no  atmosphere,  all  the  wa- 
in it,  alone.  He  found,  in  about  eight  or  ters  on  the  face  of  the  earth  would  boil,  and 
nine  days  after,  that  the  air  of  the  receiver  be  evaporated  with  a  very  slight  degree  of 
into  which  he  had  introduced  the  sprig  of  heat.  The  ocean  would  be  drained  to  Hs 
mint  had  become  respirable  ;  for  a  mouse  lowest  caverns,  the  rivers  would  cease  to  flow, 
lived  very  well  in  this,  but  died  immediately  the  springs  would  be  dried  up,  and  the  whole 
upon  being  introduced  into  the  other  receiver,  surface  of  the  land  exhausted  of  that  moisture 
containing  the  contaminated  air  alone.  It  is  so  essential  to  the  existence  of  the  animal  and 
likewise  proved  by  experiment,  that  the  simple  vegetable  world.  Indeed,  it  is  not  improbable, 
component  principles  which  are  essential  to  that  all  the  substances  on  the  earth,  soHd  as 
the  formation  of  vegetable  matter  are  but  well  as  fluid,  would  be  dissipated  into  vapour, 
three  in  number,  namely,  carbon,  oxygen,  and  That  such  effects  would  actually  take  place, 
hydrogen;  and  these  form  the  bases  of  car-  appears  from  a  variety  of  experiments.  If  w© 
bonic  acid  gas,  oxygen  gas,  and  hydrogen  gas.  fill  a  long-necked  bottle  with  boiling  watei. 
(1060) 
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and  cork  it  close,  so  as  to  exclude  the  air,  and 
place  it  in  a  basin  of  cold  water,  the  water 
will  sink  in  the  neck  of  the  bottle  as  it  cools. 
I'his  shrinking  of  the  water  will  produce  a 
vacuum  in  the  upper  part  of  the  bottle,  and 
the  water  within  it  will  be  seen  to  re-com- 
mence boiling  with  great  violence,  which  can 
arise  from  nothing  but  the  cork  taking  off  the 
pressure  of  the  atmosphere  fr(5m  the  water. 
In  like  manner,  if  we  place  water  that  has 
been  cooled  several  degrees  below  boiling, 
under  the  receiver  of  an  air-pump,  it  will 
begin  to  boil  as  soon  as  the  air  is  exhausted. 
It  requires  a  heat  of  212°  of  Fahrenheit's 
thermometer  to  make  water  boil  under  the 
common  pressure  of  the  atmosphere  ;  but  in 
the  exhausted  receiver  of  an  air-pump,  it  boils 
when  heated  to  only  about  67°.  The  pheno- 
menon exhibited  by  wnat  is  called  the  pulse- 
glass,  is  also  owing  to  the  same  cause.  This 
glass,  having  two  bulbs,  is  partly  filled  with 
spirits  of  wine,  the  air  is  extracted,  and  the 
glass  hermetically  sealed  ;  and  when  the  hand 
is  applied  to  one  of  the  bulbs,  it  causes  a  heat 
which  produces  an  ebullition  in  the  spirits  of 
wine.  It  is  likewise  owing  to  this  pressure 
that  porter,  ale,  and  other  fermented  liquors 
are  preserved  in  bottles ;  without  v^^hich  they 
would  either  rush  with  violence  out  of  their 
mouths,  or  burst  them  to  pieces.  It  is  owing 
to  the  same  power  that  boiling  water  is  pre- 
served in  our  pots  and  kettles,  when  used  in 
cooking,  without  the  influence  of  which  it 
would  soon  dilate  itself,  rush  over  the  vessels, 
and  be  dissipated  into  vapour. 

3,  It  is  to  the  atmosphere  we  are  indebted 
for  the  action  of  fire  and  flame.  Fire  is  es- 
sentially necessary  to  human  existence,  even 
in  the  w'armest  climates  of  the  globe.  By  its 
means  the  inhabitant  of  the  desert  frightens 
from  his  dwelling  the  beasts  of  prey,  and 
drives  away  the  insects  which  thirst  for  his 
blood.  By  its  means  also,  man,  in  every 
country,  ])repares  his  food,  dissolves  the  me- 
tals, vitrifies  rocks,  hardens  clay,  softens  iron, 
tempers  steel,  and  gives  to  all  the  productions 
of  the  earth  the  form  and  combinations  which 
his  comfort  and  necessities  require.  But, 
without  the  vital  air,  no  flame  can  be  extri- 
cated, nor  fire  made  to  burn.  I'his  is  proved 
by  putting  a  burning  taper  within  the  receiver 
of  an  air-pump,  and  when  the  air  is  extracted 
it  is  instantly  extinguished.  The  act  of  com- 
bustion efi'ects  an  analysis  of  the  air ;  it  sepa- 
rates its  component  parts  :  the  oxygen  of  the 
atmosphere  combines  with  the  combustible 
body  ;  caloric,  in  the  form  of  sensible  heat,  is 
thrown  off  in  every  direction  ;  and  therefore, 
where  no  oxygen  exists,  it  is  impossible  to 
make  even  the  most  combustible  body  produce 
heat  or  liame. 

4.  It  is  Oil  the  influence  of  the  atmosphere 
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that  respiration  of  all  animals  depends.  The 
process  of  respiration  is  carried  on  by  means 
of  the  lungs.  These  are  distinguished  into 
right  and  left.  The  right,  or  larger  hmg,  is 
divided  into  three  lobes  ;  the  left,  or  smaller, 
into  two.  The  internal  fabric  of  the  lungs  is 
composed  of  an  infinite  number  of  small 
membranous  cells,  full  of  air,  communicating 
with  one  another,  the  number  of  which  Dr. 
Keil  and  other  anatomists  have  computed  to 
be  at  least  1,744,000,000,  that  is,  one  thou- 
sand seven  hundred  and  forty-four  millions. 
The  air  from  without  rushes  into  these  vesi- 
cles, and  is  again  expelled  1,200  times  every 
hour  :  and  during  the  same  time  we  consume 
about  48,000  cubic  inches  of  air,  or,  at  the 
rate  of  seventy-seven  wine  hogsheads  in  a 
day.  The  chief  uses  of  respiration  are — 1, 
to  bring  the  blood  in  contact  with  the  air  ;  2, 
to  effect  certain  changes  in  the  mass  of  the 
blood ;  and  3,  to  produce  animal  heat.  Ac- 
cordingly, the  lungs  are  so  constructed  as  to 
allow  the  largest  possible  quantity  of  deterio- 
rated blood  to  enjoy  the  fullest  intercourse 
with  the  largest  possible  quantity  of  vital  air. 
It  has  been  calculated  by  Dr.  Hales,  that  each 
air-cell  is  the  one-hundredth  part  of  an  inch 
in  diameter,  and  that  the  amount  of  surface 
furnished  by  them,  collectively,  is  equal  to 
twenty  thousand  square  inches.  Others  have 
estimated  the  surface  to  be  more  than  1600 
square  feet  ;  and  Dr.  Monro  states,  that  it  is 
thirty  times  the  surface  of  the  human  body. 
From  numerous  experiments,  it  has  been  found 
that  the  blood  perpetually  receives  oxygen  gas 
from  the  atmosphere  by  the  agency  of  the 
lungs,  and  that  its  red  colour  is  derived  from 
this  source.  The  blood  is  purple  when  it  ar- 
rives at  the  lungs  from  the  heart ;  but,  having 
there  thrown  off  hydrogen  and  carbon,  it  im- 
bibes the  vital  air  of  the  atmosphere,  which 
changes  its  dark  colour  to  a  brilliant  red,  ren- 
dering it  the  spur  to  the  action  of  the  heart 
and  arteries,  and  the  source  of  motion  and  of 
animal  heat.  The  blood  is  thus  indebted 
every  moment  to  the  invigorating  influence  oi 
the  atmosphere,  without  which  the  heart 
would  cease  to  beat,  the  circulating  fluids 
would  stagnate,  and  the  body  become  a  cold 
putrid  mass,  without  sensibility  or  motion. 

l^he  following  are  some  of  the  results  of  ex- 
periments in  relation  to  this  subject,  lately 
performed  by  Dr.  S.  Smith.  "  1.  The  volume 
of  air  ordinarily  present  in  the  lungs  is  twelve 
English  pints,  2.  The  volume  of  air  received 
by  the  lungs  at  an  ordinary  inspiration,  is  one 
pint.  3.  The  volume  of  air  expelled  from  the 
lungs  at  an  ordinary  expiration,  is  a  little  less 
tfian  one  pint.  4.  Of  the  volume  of  air  re- 
ceived by  the  lungs  at  one  insjMration,  onlv 
one-fourth  part  is  decomposed  at  one  action 
of  the  heart,  and  this  is  so  decomposed,  in  the 
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five-sixth  parts  of  one  second  of  time.  5.  The 
blood  circulates  through  the  system,  and  re- 
turns to  the  heart  in  one  hundred  and  sixty 
seconds  of  time,  which  is  exa.ctly  the  time  in 
which  the  whole  volume  of  air  in  the  lungs  is 
deconiposed.  These  circuits  are  performed 
every  eight  minutes;  five  hundred  and  forty 
circuits  are  performed  every  twenty-four  hours. 

6.  Tjie  quantity  of  blood  that  flows  to  the 
lungs,  to  be  acted  upon  by  the  air  at  one  ac- 
tion of  the  heart,  is  two  ounces,  and  this  is 
acted  upon  in  less  than  one  second  of  time. 

7.  The  quantity  of  blood  in  the  whole  body 
of  the  human  adult  is  twenty-four  pounds 
avoirdupois,  or  twenty  pints.  8.  In  twenty- 
four  hours,  twenty-four  hogsheads  of  blood 
are  presented  to  the  lungs,  to  receive  the  in- 
fluence of  the  vital  air,  9.  In  the  mutual 
action  which  takes  place  between  the  quanti- 
ties of  air  and  blood  which  come  in  contact  in 
twenty-four  hours,  the  air  loses  three  hundred 
and  twenty-eight  ounces  of  oxygen,  and  ihe 
blood  ten  ounces  of  carbon." 

Such  are  the  wonderful  processes  in  refer-' 
ence  to  respiration  as  dependent  on  the  atmo- 
sphere. When  we  reflect  that  a  stratum  of 
blood,  several  hundred  feet  in  surface,  is  ex- 
posed to  a  stratum  of  air  still  more  extensive, 
and  all  compressed  within  the  compass  of  a 
few  inches,  we  cannot  but  be  filled  with  ad- 
miration at  the  Divine  wisdom  displayed  in 
this  and  many  other  functions  of  the  human 
system,  which  so  far  surpass  all  the  contriv- 
ances of  genius,  science,  and  art.  In  every 
part  of  the  workmanship  of  the  Almighty, 
even  the  most  minute,  we  perceive  the  impress 
of  infinite  goodness  and  intelligence,  demon- 
strating that  He  who  formed  the  human 
frame  and  the  surrounding  elements  is  "won- 
derful in  counsel,  and  excellent  in  working." 
Not  only  are  terrestrial  animals  and  the  fowls 
of  heaven  dependent  for  existence  on  the  at- 
mosphere, but  even  the  fishes  of  the  sea  can- 
not subsist  for  any  length  of  time  without  its 
invigorating  influence.  Every  fish  is  fur- 
nished with  an  air-bladder,  by  which  it  is 
enabled  to  rise  in  the  water,  or  sink  into  it 
at  pleasure.  The  lungs  of  fishes  are  their 
gills;  these  consist  of  filaments  arranged 
somewhat  hke  the  feathers  of  a  quill ;  they 
are  found  to  be  covered  with  minute  processes, 
crowded  close  together,  and  on  which  are  ob- 
served, by  the  microscope,  millions  of  capillary 
blood-vessels  spread,  like  a  net-work,  over  the 
whole  surface.  It  is  through  the  thin  coats 
of  these  vessels  that  the  air  acts  upon  the 
blood  they  contain.  When  a  fish  is  taken 
out  of  the  water  the  reason  it  cannot  breathe 
is,  that  these  filaments  collapse,  and  adhefe 
together  in  a  mass,  and  the  air  cannot  sepa- 
rate them.  If  the  air  be  extracted  from  the 
water  in  which  fishes  swim,  or  if  they  have 
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no  free  comn^unication  with  the  air,  thej  ar® 
soon  deprived  of  existence. 

5.  The  atmosphere  is  the  medium  in  which 
the  process  of  evaporation  is  carried  on,  and 
in  which  clouds,  vain,  and  dew  are  produced. 
By  the  heat  of  the  sun  and  other  causes,  an 
immense  portion  of  matter  is  daily  carried  up 
into  the  atmosphere  in  the  form  of  vapour,  in 
which  state  it  occupies  a  space  1400  times 
greater  than  in  its  ordinary  liquid  slate*  It 
has  been  found,  by  experiment,  that  an  acre 
of  ground,  in  the  course  of  twelve  hours  of  a 
summer's  day,  dispersed  into  the  air,  by  eva- 
poration, 16,000  gallons  of  water.  Every 
hour  there  are  exhaled  in  this  way,  from  the 
surface  of  the  ocean,  many  millions  of  gallons, 
and  every  year  about  40,000  cubical  miles  of 
water.  This  vast  bodv  of  water,  sometimes 
in  an  invisible  form,  Und  sometimes  in  the 
shape  of  clouds,  is  carried  by  the  winds  over 
the  different  regions  of  sea  and  land.  A  part 
of  this  water  is  condensed  into  thick  clouds, 
and  falls  down  in  rains  on  the  continents  and 
islands,  to  fertilize  the  soil ;  a  part  descends 
on  the  seas  and  oceans;  and  another  part 
supplies  the  sources  of  the  rivers,  by  which  it 
is  again  returned  to  the  ocean,  whence  it  was. 
chiefly  derived.  This  continued  circulation 
of  vapour  through  the  atmospherical  regions^ 
is  one  of  the  most  important  processes  in  the 
system  of  nature  connected  with  our  globco 
By  means  of  it,  the  Creator  displays  his  wis- 
dom and  unbounded  benevolence,  in  convey- 
ing fertility  to  the  diflerent  climates  of  the 
earth,  and  thus  supplying  nourishment  and 
coiTifort  to  man  and  to  ail  the  inferior  orders 
of  animated  existence.  But  it  is  evident  that^ 
without  the  ministration  of  the  atmosphere, 
these  beneficent  operations  could  not  be  car- 
ried on,  and  the  earth  would  be  left  to  parch 
under  the  rays  of  the  sun,  till  it  were  trans- 
formed into  a  bleak  and  barren  desert.  It  is 
owing  to  this  process  of  evaporation  that  our 
clothes  and  hnens  are  dried,  after  having  been 
washed,  and  that  our  roads  are  rendered  clears 
for  walking  upon,  after  having  been  drenched 
with  heavy  showers  of  rain,  or  covered  with 
deep  snows;  without  the  operation  of  which, 
a  thousand  discomforts  and  inconveniences 
would  be  felt  in  all  the  scenes  of  domestic 
hfe,  and  the  operations  of  art ;  and  this  world 
would  cease  to  be  an  abode  of  happiness  and 
enjoyment. 

6.  The  density  of  the  atmosphere  gives 
buoyancy  to  the  clouds,  and  enables  the  fea- 
thered songsters  to  transport  themselves  with 
ease  from  one  part  of  the  earth  to  another. 
If  the  air  near  the  earth  were  much  rarer  thaa 
it  is,  the  clouds  would  sink  to  the  surface  of 
the  earth,  involve  the  world  in  a  dismal  gloom, 
and  intercept  our  views  of  the  beauties  of  tho 
terrestrial  landscape,  and  of  the  glories  of  tn© 
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mlln.M  sky.  The  birds  would  bo  unable  to  light  of  the  stars;  while,  in  another  part.  ih« 
perch  on  the  tops  of  lofty  trees,  or  towing  soil  would  be  parched,  and  the  grass  burned 
their  fli-ht  from  shore  to  shore.  As  a  proof  up,  for  the  want  of  a  veil  of  clouds  to  nriodify 
of  this  °Mr.  Kobertson,  who  ascended  in  a  the  heat  of  the  sun.  One  region  would  be 
balloon  from  St.  Petersburgjn  1804,  informs  scorched  for  want  of  moisture,  and  another 
us  that  he  took  along  with  him  some  live  drenched  with  excessive  rains.  1  he  putrid 
pigeons,  and,  at  dilFerent  heights,  gave  liberty  exhalations  of  dunghills,  marshes  and  popu- 
to  these  birds,  who  seemed  very  unwillingtoac-  lous  cities,  would  remain  perpetually  suspend- 
cept  of  it.  The  poor  animals  were  so  terri-  ed  around  the  places  whence  they  arose,  and 
tied  with  their  situation,  that  they  clung  to  produce  diseases  and  pestdence,  which  would 
the  boat  of  the  balloon  till  they  were  forced  sweep  the  inhabitants  of  the  earth  in  rapid 
from  it,  when  it  appeared  their  fears  were  succession  to  the  grave.  But  in  the  existing 
not  groundless;  for  their  wings  were  nearly  economy  of  nature,  all  such  disastrous  effects 
useless,  from  the  rarity  of  the  air,  and  they  are  prevented  by  the  agency  of  the  winds, 
fell  towards  the  earth  with  great  rapidity,  which  distribute  the  clouds  in  due  proportioa 
The  second  struggled  with  eagerness  to  regain  over  every  land,  and  serve  as  ventilators  to  ali 
the  balloon,  but  m  vain;  and  the  third, thrown  the  regions  of  the  atmosphere, 
out  at  the  greatest  elevation,  fell  towards  the  8.  Air  is  the  vehicle  of  smells,  by  the  trans« 
earth  like  a  stone,  w  that  he  supposed  it  did  portation  of  which  we  become  acquainted 
not  reach  the  earth  alive.  This  was  evident-  with  the  good  or  bad  qualities  of  he  food 
ly  owino-  to  the  extreme  rarity  of  the  air  in  which  is  set  before  us,  and  are  warned  against 
those  u'pper  regions  to  which  the  balloon  sitting  in  places  that  are  damp  and  dangerous, 
ascende(J  ^^  entering  houses  that  are   unwholesome  or 

7.  The  atmosphere  is  the  region  in  which  infectious.  By  means  of  the  air,  the  odorit^ 
winds  are  produced,  which  perform  many  im=  erous  effluvia  of  plants  and  flowers  are  diffused 
portant  offices  in  the  economy  of  our  globe,  over  the  fields,  and  conveyed  to  the  nostrils 
Winds  are  nothing  else  than  portions  of  air  to  increase  our  delightful  sensations,  when 
in  motion  ;  and  although  they  sometimes  ex-  wandering  among  the  scenes  of  nature, 
cite  our  fears  bv  the  violence  of  their  rage,  9.  Air  is  likewise  the  medium  ot  sounds, 
and  scatter  destruction  by  sea  and  land  ;  yet  In  consequence  of  Us  elasticity  and  undulat. 
their  agency,  on  the  whole,  is  highly  benefi-  ing  motion,  it  conveys  to  us  knowledge  and 
ciaUnd  even  essentially  necessary  to  man-  enjoyment  of  different  kinds,  which  cannot  be 
kihd.  They  purify  the  air  by  keeping  it  in  conveyed  to  the  organs  ot  sight,  of  ««te  «r 
perpetual  inol'ion ;  they  disperse  the  noxious  of  smell.  A  few  strokes  on  a  '^8-  ^d  J^  • 
tapours  that  are  continually  rising  from  stag=  in  the  course  of  a  few  seconus,  by  the  undu- 
nant  marshes  and  common  sewers;  they  lation  o  the  atmosphere,  reach  the  ear.  of  a 
sweep  the  chambers  of  the  atmosphere;  they  hundred  thousand  men,  and  convey  intima- 
ventilate  the  streets  of  populous  cities,  and  tions  either  of  joy  or  terror.  Fhe  sounds  pro- 
pr  vent  the  accumulatiori  of  those  noxious  duced  by  the  undulations  of  the  air  may  b« 
affluvia  which  would  produce  pestilence  and  considered  as  so  many  couriers  running  back, 
death;  they  scatter  the  seeds  of  various  plants  wards  and  forwards,  and  m  every  direction, 
over  eiery  region  ;  they  fan  the  air  under  the  to  warn  us  of  danger,  to  inspire  us  with  joy. 
scorching\eats  of  surnmer,  and  dif^hse  re-  and  to  communicate  various  ^^  igi^tful  sensa- 
fLhment  over  a  fainting  world;  they  make  tions.  When  we  walk  ^^^nS  h^ro.d  mu^ 
our  millstones  revolve  as  nimbly  as  the  wheels  mg,  and  unapprehsnsive  of  danger,  a  mall- 
ow a  hariot,  and  they  serve  as  wings  to  our  coach  may  be  wlnrhng  on  in  its  rapid  career 
floatm<^  edmces,  to  impel  them  across  the  and  just  at  our  heels,  ready  to  rol  ove  u.; 
I'e  n  and  to  bi  ng  them  back  laden  with  the  but  the  air,  like  a  watchful  friend,  despatches 
t  e-  of  dist-int  lands  a  courier  from  a  considerable  distance  to  warn 

''wre'the  agitation  to  cease  which  the  wind  us  that  danger  is  approaching,  and  to  remove 
produces,  all  nature  would  be  thrown  into  the  to  the  path  of  safVUy.  W  hi  e  we  walk  along 
utmost  Confusion.  Navigation  to  distant  the  streets  of  London,  and  other  cities,  we  aio 
shoTes  as  hitherto  most  gelierallv  conducted,  continually  in  danger  of  cabs,  coaches,  drays, 
woud  be  at  a  stand,  and  ships  would  be  ar-  and  other  vehicles  rolhng  upon  us;  and  were 
Tested  in  the  midst  of  the  ocean.  The  vapours  it  not  that  the  air,  by  its  undulations,  gives  us 
exhaled  bv  the  heat  of  the  sun  would  remain  timely  notice  of  their  appproach,  the  accidents 
for  ever  fixed  over  those  particular  spots  from  this  cause  whicU  occasionally  occur, 
vLence  they  arose,  instead  of  being  dispersed,  would  be  much  more  ""--'7.^ -"/^^^ 
OS  they  now  are,  over  every  region.  One  part  now  are.  To  this  property  of  the  air,  we 
!f  t^e^world,  by  the  interposition  of  stationa-  owe  all  the  advantages  we  derive  from  hearing 
Tv  clouds,  would  be  for  ever  deprived  of  the  sermons  and  lectures,  and  all  the  pleasures  wa 
dlrec   iui  uence  of  the  solar  ray's,  and  of  the   enjoy  from  iViendly  and  instruc^tive  ^onversa^ 
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tion.  By  means  of  the  tongue  and  the  lips  he  had  only  broken  a  stick  or  a  staff;  but  aAe? 
we  form  articulate  sounds,  which,  by  the  pre-  a  little  time  there  was  a  murmuring  for  a  whil© 
vious  consent  of  mankind,  become  the  signs  which  filled  the'  valleys  and  woods  below, 
of  certain  ideas ;  these  sounds  are  conveyed  Descending  to  the  lower  valleys  and  the 
to- the  cars  of  our  friends,  and  inform  them  of  vugged  rocks,  he  fired  again,  which  made  a 
the  thoughts  and  ideas  that  were  previously  dreadful  sound,  as  if  great  guns  had  been 
passing  through  our  minds,  and  their  un-  discharged,  and  as  if  the  whnle  mountain 
derstandings  and  hearts  become  impressed  had  begun  to  tumble  about  his  oars.  The 
with  the  same  sentiments.  Without  the  min-  sound  lasted  for  half  a  quarter  of  an  hour,  till 
istration  of  the  atmosphere  in  such  cases,  all  it  had  reached  the  most  secret  caverns,  where 
would  be  sullen  and  unmeaning  listlessness  the  sound  was  enlarged  and  reflected  back  in 
and  silence,  as  in  the  intercourse  of  the  deaf  every  direction.  These  facts  show  *hat  the 
and  dumb.  So  that  the  air  may  he  considered  elasticity  of  the  air,  which  is  always  greatest 
as  the  cement  of  society— the  medium  of  com-  where  the  air  is  densest,  is  essential  to  the 
mnnication  between   one   mind    and   another,   propagation  uf  sound. 

and  the  interpreter  of  the  thoughts  and  pur-        10.  The    atmosphere   is  the  cause  of  that 
poses  of  mankind.  splendour    and    universal    light    around    us, 

To  the  same  cause,  we  are  indebted  for  all  which  lays  open  to  our  view  the  landscape 
the  pleasures  and  harmonies  of  music.  Music  of  the  world.  Were  tMs  atmosphere  de- 
is  one  of  the  purest  and  most  refined  of  our  stroyed,  we  might  see  the  sun  without  enjoy- 
sensitive  pleasures.  It  possesses  the  power  ing  the  light  and  brilliancy,  of  day.  That 
of  charming  our  ears,  soothing  our  passions,  luminary  would,  indeed,  strike  our  eyes  with 
and  affecting  our  hearts;  it  dissipates  the  a  vivid  brightness  when  we  turned  round  to 
gloom  of  melancholy, animates  the  vital  spirits,  behold  his  flaming  orb;  but  it  would  appear 
and  gives  sublimity  to  our  thoughts  and  senti-  only  as  a  blazing  fire  during  night,  in  a  spa- 
ments.  When  a  lady  tunes  her  melodious  cious  plain,  where  all  is  gloom  and  darkness 
voice,  or  touches  with  her  fingers  the  keys  of  around.  It  would  suddenly  burst  on  our  view 
the  piano-forte,  or  the  strings  of  the  lyre,  the  in  the  eastern  horizon,  in  the  morning,  and 
air  distributes  every  musical  variation  and  would  not  change  its  aspect  in  the  least, 
every  note,  with  the  utmost  precision.  It  during  its  course  through  the  heavens,  till  it 
conveys  its  message  with  the  greatest  impar-  suddenly  disappeared  in  the  western  sky. 
tiality  to  the  ear  of  every  hstener.  Though  The  objects  immediately  around  us  would  be 
many  instruments  may  be  employed,  and  a  partially  visible  ;  but  the  rays  of  the  sun 
thousand  persons  be  present,  and  placed  in  which  fell  on  distant  objects  would  he  for 
every  direction,  it  distributes  the  harmony  ever  lost  in  the  expanse  of  the  heavens ;  and 
alike  to  every  ear.  It  keeps  the  most  exact  when  we  turned  our  back  to  the  sun,  nothing 
time— it  conveys  the  slightest  inflections  of  would  present  itself  but  an  abyss  of  darkness, 
the  voice,  and  the  smallest  variation  of  a  tone,  and  the  whole  horizon  involved  in  a  dismal 
It  runs  through  the  whole  compass  of  music,  gloom.  The  number  of  objects  in  the  hea- 
swells  the  sounds,  and  makes  them  even  vens  would,  indeed,  be  augmented,  for  the 
thunder  in  our  ears.  The  next  moment,  it  stars  would  shine  through  a  canopy  as  black 
makes  them  flutter  and  melt  intodying  strains,  as  ebony,  even  when  the  sun  was  above  (he 
After  this,  it  swells  the  notes  again,  and  sinks  horizon  ;  but  all  the  gay  colouring  of  the  ter- 
them  in  their  turns.  Thus  it  expresses,  in  restrial  landscape,  which  now  delights  the  eye 
the  most  lovely  manner,  every  passion  and  and  the  imagination,  would  be  for  ever  veiled 
emotion  of  the  soul,  and  charms  every  heart  from  the  inhabitants  of  the  world.  In  such  a 
with  its  persuasive  sounds.  state  of  things,  it  would  be  always  night;  and 

That  all  the  effects  novi^  stated  are  owing  the  difference  between  such  a  night  and  that 
to  the  ministration  of  the  atmosphere,  is  which  we  now  enjoy,  would  be,  that  the  ce- 
proved  by  one  decisive  experiment.  Place  a  lestial  orbs,  instead  of  being  grounded  on  a 
small  bell  under  the  receiver  of  an  air-pump;  beautiful  azure  sky,  would  appear  on  a  black 
let  it  be  rung,  and  the  sound  will  be  heard  canopy,  like  so  many  white  points  on  a  dismal 
at  a  considerable  distance.     Exhaust  the  air   mourning  carpet. 

from  the  receiver,  and  the  sound  can  scarcely  But  the  Almighty,  whose  arrangements 
be  heard  by  the  nicest  ear.  Even  in  places  have  all  a  respect  to  the  happiness  of  his 
where  the  air  is  not  excluded,  but  only  highly  creatures,  has  enveloped  our  globe  with  an 
rarefied,  as  in  the  higher  regions  of  the  atmo-  atmosphere,  and  has  endowed  it  with  a  capa- 
sphere,  sounds  are  scarcely  heard.  Fredli-  city  of  reflecting  and  refracting  the  rays  of 
chius,  a  gentleman  of  Hungary,  informs  us,  light  in  all  directions.  This  atmosphere,  too» 
that  when  he  was  on  one  of  the  loftiest  tops  is  charged  with  innumerable  myriads  of  wa- 
of  the  Carpathian  mountains,  he  fired  a  pistol,  tery  particles,  exhaled  by  evaporation  from 
whicli  at  first  made  no  greater  noise  than  if  every  region  of  the  sea  and  land.  In  the 
(1064) 
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eerenest  Jays  of  summer,  when  no  clouds  nor 
vapours  are  to  be  seen,  these  rarefied  particles 
of  water,  whicli  are  imperceptible  to  the  keen- 
est eye,  fill  the  whole  sphere  of  the  atmosphere 
around  us,  both  above  and  below  the  region 
of  the  clouds.  It  is  among  these  rarefied  wa- 
ters in  the  higher  regions  of  the  air  that  the 
rays  of  light  reflected  from  the  surface  of  the 
land  meet,  and  are  again  reflected  in  every 
direction  to  the  earth;  and  hence  is  produced 
that  beautiful  azure  colour  which  distinguishes 
the  aspect  of  the  heavens.  This  azure  is 
sometimes  lighter,  according  to  the  quantity 
of  the  rays  which  enter  the  atmosphere,  and 
sometimes  darker,  when  the  absence  of  the 
twilight  heightens  the  blue  of  the  celestial 
concave,  by  means  of  that  black  and  void 
space  which  lies  beyond  the  limits  of  the  at- 
mosphere. In  corroboration  of  these  remarks, 
it  may  be  noticed,  that  the  higher  we  ascend 
above  the  surface  of  the  earth,  the  darker  does 
the  sky  appear.  And  hence  all  travellers 
aflirm,  that,  on  the  tops' of  lofty  mountains,  it 
sometimes  appears  as  black  as  ebony,  which 
causes  the  milky  way  to  appear  like  a  pure 
flame  shot  across  the  heavens,  and  the  stars 
to  shine  with  a  greater  brightness,  and  to  ap- 
pear far  more  numerous  than  in  the  plains 
below. 

II.  The  atmosphere  is  the  cause  of  the 
morning  and  evening  twilight.  We  all  know 
that  the  day  is  gradually  ushered  in  after  the 
darkness  of  the  night.  More  than  an  hour 
before  the  rising  of  the  sun,  in  this  part  of  the 
world,  a  streak  of  light  appears  in  the  eastern 
horizon.  This  light  increases  in  brilliancy 
every  moment — the  landscape  of  the  earth, 
which  had  been  previously  covered  with  a 
mantle  of  blackness,  appears  gradually  to 
emerge  from  an  abyss  of  darkness,  like  the 
light  at  the  first  creation — the  circle  of  the 
horizon  becomes  inflamed  with  a  bright  ver- 
milion— the  mountain  tops  are  tinged  with 
purple  ;  and  at  length  appears  the  most  beau- 
tiful and  sublime  object  in  nature,  the  sun 
rising  in  his  might  and  glory.  And,  when 
this  luminary  has  described  the  circuit  of  the 
heavens,  and  passed  the  verge  of  the  western 
horizon,  darkness  does  not  come  on  instanta- 
neously, but  by  slow  and  imperceptible  de- 
grees, so  as  to  warn  us  to  prepare  for  its  ap- 
proach. The  season  of  twilight,  particularly 
that  of  a  summer  evening,  is  perhaps  one  of 
the  most  agreeable  and  interesting  periods  of 
ihe  day.  How  many  delightful  walks  and 
excursions — how  many  cheerful  and  solemn 
musings — how  many  endearing  intercourses 
of  love  and  friendship  does  it  recall  to  our  re- 
collection, when  we  strolled  along  the  solitary 
walks,  or  reclined  in  the  bower  of  friendship, 
till  the  rising  moon  and  the  twinkling  stars 
called  us  to  our  nightly  repose ! 
134 


Now,  all  such  pleasures  and  advantfiires, 
derived  from  the  twilight,  are  owing  to  the 
agency  of  the  atmosphere.  When  the  sua 
approaches  the  morning  within  eighteen  de- 
grees of  the  horizon,  his  rays  strike  oliliqnely 
on  the  higher  parts  of  the  atmosphere,  anc, 
instead  of  passing  directly  forward,  they  are 
refracted,  or  bent  a  little  downwards,  and 
thus  descend  by  inflection  to  the  earth.  In 
this  way  we  reap  the  benefit  of  those  rays 
which  would  otherwise  have  been  totally  lost, 
and  enjoy  the  light  of  day  for  a  considerable 
time  before  the  sun  reaches  the  horizon.  It 
is  owing  to  the  same  cause  that  the  sun  is 
visible  several  minutes  before  he  is  actually 
above  the  horizon  in  the  morning,  and  after 
his  setting  in  the  evening.  This  increases 
the  length  of  every  day  about  6^  minutes  at 
an  average,  which  amounts  to  3^  equinoctial 
days  in  a  year,  and  nearly  a  whole  }? ear's 
sunshine  in  the  course  of  a  century.  And, 
if  we  reckon  an  hour  and  a  half  of  twilight  in 
the  morning  and  as  much  in  the  evening,  at 
an  average,  through  the  diiTerent  seasons,  we 
have  more  than  ninety  equinoctial  days  of 
twilight  throughout  the  year.  This  is  a  cir- 
cumstance of  the  utmost  importance  to  those 
who  inhabit  the  polar  regions;  inconsequence 
of  which,  the  inhabitants  of  Nova  Zembla  and 
of  Greenland  enjoy  the  direct  light  of  the  sun 
for  thirty-two  days  while  he  is  under  the  ho- 
rizon, besides  the  long  twilight  which  precedes 
his  rising,  and  continues  after  his  descent 
below  the  horizon.  But  what  would  be  the 
consequences  if  we  had  no  twilight?  Not 
only  should  we  be  deprived  of  the  advantages 
now  stated,  but  subjected  to  many  inconveni- 
ences and  dangers.  Should  tlie  day  break  in 
upon  us  all  at  once  in  meridian  brightness, 
immediately  after  the  dark  shades  of  night, 
our  eyes  would  be  dazzled,  and  in  danger  of 
being  blinded  l)y  its  excessive  splendour. 
Should  the  night  rush  on  in  the  same  pre- 
cipitate manner,  and  hurry  us  in  a  moment 
from  the  splendours  of  day  to  the  horrors  of 
midnight,  it  would  strike  the  living  world 
with  amazement.  The  traveller  would  be 
arrested  in  the  midst  of  his  journey,  and  be- 
wildered with  terror;  and  if  the  sky  were  then 
covered  with  clouds,  the  darkness  would  be  so 
thick  and  black,  that  not  the  least  glimmering 
ray  would  strike  across  the  universal  gloom, 
nor  a  single  object  be  perceived,  even  within 
the  distance  of  a  foot.  Man  would  then  ap- 
pear as  if  he  were  placed  without  an  object 
near  him  in  the  midst  of  infinite  space — 

'  Bark  as  was  chaos,  ere  the  infant,  san 


Was  rolled  togeitier,  or  had  tried  his  buams 
Athwart  the  gJoom  profound." 

These  arrangements,  then,  by  which  light 

is  reflected  over  the  face  of  nature,   and  twi- 
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light  is  produced,  evidently  show  the  wisdom  fields,  it  has  the  additional  merit  of  forming  n. 
and  intelligence  of  the  Almighty  Creator,  and  proper  ground  on  which  luminous  hodics  may 
his  henevoient  regards  to  his  sensitive  and  in-  he  seen,  and  thus  heightens  the  lustre  and 
telHgent   offspring.     A   few  small   bubbles  of  beauty  of  the  stars. 

air  and  water  appear  very  insignificant  to  the  In  such  admirable  arrangements  we  cannot 
eye  of  man.  But  in  the  hand  of  the  Almighty  fail  to  perceive  the  marks  of  intelligence  and 
they  work  wonders  of  love  and  beneficence,  skill,  in  causing  the  assemblage  of  invisible 
He  has  distributed  them  over  our  heads  in  atoms  to  produce  so  many  sublime  and  bene- 
every  direction  with  so  much  caution  and  ficent  effects;  and  we  must  be  void  of  gratitude, 
skill,  in  order  that  the  light  of  his  sun  and  his  if  we  do  not  recognize  the  hand  of  Divine 
stars  might  no't  be  rendered  useless  to  the  goodness  in  adorning  our  habitation  with  so 
world.  With  these  invisible  particles  of  water  many  beautiful  contrasts,  and  rendering  every 
and  air,  he  enriches  and  embellishes  whatever  scene  of  nature  subservient  to  our  conveni- 
he  pleases  ;  and  in  his  hands  they  become  an    ence  and  deHghf. 

inexhaustible  source  of  glory  and  happiness.  12.  The  transparency  of  the  atmosphere  is 
From  these  insignificant  atoms,  he  fetches  the  not  the  least  of  its  advantages.  It  is  not, 
brightness  of  the  aurora,  and  draws  forth  those  indeed,  perfectly  transpajent,  otherwise  it 
twilights  which  lengthen  our  days,  and  pre-  would  not  reflect  the  blue  colour  of  the  sky, 
pare  our  eyes  for  receiving  the  brightness  of  nor  would  the  distant  mountains  appear  be- 
the  meridian  sun.  From  these  he  produces  dimmed  and  tinged  with  purple.  But  it  has 
the  splendour  of  day,  which  the  sun  itself  such  a  degree  of  transparency,  that  every  ob- 
could  never  procure  us.  He  makes  them  con-  ject  on  the  terrestrial  landscape,  within  a  rea- 
trihute  to  the  preservation  of  that  heat  which  sonable  distance,  can  be  distinctly  perceived, 
nourishes  the  vegetable  kingdom,  and  which  Even  objects  at  the  distance  of  a  hundred  and 
is  essential  to  the  comfort  of  "  every  thing  that  fifty  miles,  are  visible  through  the  air  ;  and 
lives."  Of  them  he  has  formed  that  magnifi-  the  telescope,  though  it  magnifies  the  aerial 
cent  arch  which  surrounds  us  on  all  sides,  particles,  can  make  objects,  at  the  distance  of 
which  enchants  the  eye  of  every  beholder,  and  twenty  miles,  appear  as  if  they  were  placed 
forms  the  canopy  of  our  terrestrial  habitation  ;  at  the  distance  of  three  hundred  yards.  Were 
for  it  is  the  light  reflected  from  the  air,  and  the  air  tinged  with  the  least  degree  of  yellow, 
the  innumerable  particles  of  vapour  it  con-  red,  or  green,  it  would  give  the  same  colour 
tains,  which  produces  that  beautiful  azure  to  every  other  object,  just  as  a  stained  glass 
which  adorns  the  vault  of  heaven.  This  makes  every  object  seen  through  it  appear  of 
azure  canopy  the  Creator  might  have  painted  the  same  colour  as  itself.  Were  its  particles 
with  a  darker  hue,  or  even  made  it  entirely  much  larger,  and  more  of)aque  than  they  now 
black.  But  black  is  a  sad  and  dismal  colour,  are,  so  as  to  become  perceptible  to  the  eye, 
which  would  have  thrown  a  melancholy  gloom  we  should  never  obtain  a  distinct  view  of  any 
over  the  face  of  nature.  A  deep  red  would  other  object.  We  should  then  see  the  air  and 
have  been  almost  as  disagreeable  and  hurtful  the  exhalations  rising  from  the  surface  of  the 
to  the  sight ;  a  white  colour,  by  its  excessive  earth  continually  before  us,  like  the  particles 
glare,  would  have  been  oppressive  to  every  of  dust  in  a  darkened  chamber,  when  the 
eye,  and  would  have  prevented  the  light  of  rays  of  the  sun  are  admitted  through  a  small 
the  planets  and  stars  from  being  distinguished,   hole. 

A  yellow  would  not  have  been  quite  so  un-  But  the  Almighty,  by  rendering  the  air  in- 
suitable;  hut  this  colour  was  reserved  for  the  visible,  has  enabled  us,  in  the  first  place,  t<! 
aurora  which  adorns  the  sky  before  the  rising  take  an  extensive  and  delightful  view  of  hisj 
of  the  sun.  Besides,  a  whole  arch  of  a  yellow  wonderful  operations  in  heaven  artd  earth,  and 
colour  would  not  have  presented  a  sufficient  of  all  the  objects  which  immediately  surround 
contrast  to  the  light  of  the  celestial  lumina-  us — and,  in  the  next  place,  has  concealed 
ries.  The  green,  which  is  a  pleasing  colour  from  our  eyes  those  objects  which  would  have 
to  tlie  eye,  would  have  formed  a  better  ground  excited  disagreeable  sensations,  and  even  dis- 
for  the  light  of  the  stars;  but  it  is  with  this  gust.  If  the  air,  like  all  other  bodies,  were 
lovely  colour  that  the  Almighty  has  adorned  an  object  of  sight,  the  exhalations  from  the 
the  surface  of  our  earthly  abode,  and  has  earth  and  waters  would  be  much  more  easily 
spread  it  a^  a  carpet  under  our  feet;  audit  discovered.  The  smoke  of  our  chimneys,  still 
was  necessary  that  there  should  be  a  contrast  remaining  visible  as  it  ascended,  would  disfi- 
between  the  colour  of  the  earth  and  of  the  gure  the  rich  landscape  of  the  world,  and  oh- 
sky,  in  order  to  complete  the  beauty  and  the  scure  the  canopy  of  heaven.  We  should 
magnificence  of  the  scene  of  nature.  The  })erceive  all  those  gross  humours  which  an 
Diue  is,  on  the  whole,  a  mild  and  pleasant  incessant  perspiration  drives  out  of  the  bodies 
colour,  without  gloom  or  sadness  in  it;  and  of  all  animals,  and  all  the  filthy  exhalations 
whjle  it  forms  a  contrast  to  the  verdure  of  the  that  rise  from  kitchens,  dunghills,  stagnant 
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marshes,  streets,  and  common  sewers.  We 
should  be  apt  to  imagine  our  situation  both 
unsafe  and  contagious,  unless  we  fled  into 
deserts  and  mountains,  to  avoid  those  inces- 
sant annoyances  which  would  be  the  unavoid- 
able result  of  sucli  a  visibility  of  the  air  and 
its  exhalations.  At  the  same  time,  lest  these 
vapours  should  prove  injurious  to  us  through 
their  invisibility,  the  good  providence  of  God 
has  forewarned  us  of  such  danger,  by  impart- 
ing to  us  the  sense  of  smell,  and  has  also  ap- 
pointed the  winds  to  disperse  such  nuisances, 
to  carry  them  aloft,  and  to  serve  as  the  venti- 
lator of  the  atmosphere  ;  for,  by  the  sense  of 
smell,  we  are  enabled  to  perceive  when  we 
are  within  the  range  of  pestilential  effluvia, 
and  the  winds  seldom  permit  the  air  to  re- 
main in  a  stagnant  state,  provided  our  habi- 
tations are  so  arranged  as  to  be  within  the 
sphere  of  their  influence. 

If  we  wish  to  feel  grateful  to  the  Supreme 
Disposer  of  the  universe  for  the  blessings  of 
that  world  in  which  he  has  placed  us,  it  is 
requisite  that  we  should  frequently  fix  our 
attention  on  such  circumstances  as  those  now 
stated.  We  pass  from  one  day  to  another, 
and  frequently  from  one  period  of  human  life 
to  another,  without  reflecting  on  those  admi- 
rable contrivances  which  appear  in  every  sur- 
rounding object,  by  which  our  comforts  are 
secured,  and  the  universe  rendered  a  spectacle 
of  beauty  and  grandeur.  Because  we  have 
never  yet  contemplated  a  world  in  confusion 
and  ruins,  .we  are  apt  to  imagine  that  the  ar- 
rangements around  us  could  not  be  otherwise 
than  they  presently  are.  But,  were  that 
Being  who  created  the  atmosphere  to  make 
only  a  very  slight  alteration  in  its  constitution 
— were  he  just  to  alter  two  apparently  insig- 
nificant circumstances — were  he  to  deprive  it 
of  its  refractive  and  reflective  powers — and 
were  he  to  render  it  visible  by  tinging  it  with 
any  colour,  all  other  things  remaining  as  they 
now  are — immediately  the  scene  of  nature 
would  be  divested  of  all  its  beauty  and  mag- 
nificence— and  this  earth,  v^-hich  now  cheers 
so  many  millions  of  animated  beings  with  its 
comforts  and  embellishments,  would  be  trans- 
formed into  a  scene  of  misery,  an  abode  of 
darkness  and  desolation. 

Were  the  atmosphere  capable  of  being 
frozen,  or  congealed  into  a  solid  body,  the 
most  disastrous  consequences  would  immedi- 
ately ensue.  All  other  fluids  with  which  we 
are  acquainted  are  subject  to  congelation. 
Even  spirits  of  wine,  which  long  resist  tiie 
influence  of  the  cold,  and  are,  therefore,  used 
in  our  thermometers,  have  been  converted  into 
a  solid  mass,  by  the  cold  of  northern  regions  ; 
and  quicksilver,  which  is  naturally  a  fluid 
substance,  has  been  converted  by  cold  into  a 
compact   body,  capable  uf  being   hammered 


like  a  piece  of  lead.  Nay,  even  some  of  the 
gases,  or  aerial  fluids,  show  a  disposition  to 
congeal  by  a  reduction  of  temperature.  The 
oxygenized  muriatic-acid  gas  becomes  con- 
crete, and  forms  into  crystals,  at  a  tempera- 
ture of  near  to  that  at  which  water  freezes. 
AH  the  gaseous  substances,  when  they  have 
lost  their  elasticity,  by  forming  certain  combi- 
nations, are  disposed  to  assume  the  solid  state, 
if  the  temperature  allow  it.  Ammoniacal  gas, 
and  carbonic-acid  gas  become  solid,  as  soon 
as  they  enter  into  combination  ;  and  hydrogen 
gas,  the  most  subtle  of  the  ponderable  elastic 
fluids,  forms,  along  with  oxygen,  that  very 
w^ater  which  is  afterwards  congealed  i'Uto  ice. 
What  is  the  reason,  then,  that  the  atmospheric 
air  which  we  every  moment  breathe,  is  not 
subject  to  congelation  ]  We  know  no  other 
reason  than  the  will  of  the  Creator.  Were 
we  thoroughly  acquainted  with  every  parti- 
cular respecting  the  nature  of  the  gases  oi 
which  it  is  composed,  and  the  mode  of  their 
combination,  we  might,  perhaps,  discover  the 
physical  cause  of  this  singular  property  ;  but 
still,  we  should  ultimately  have  to  refer  it  to 
the  Divine  purpose  and  will  that  such  a  cau;^e 
existed.  We  know  that  the  vapours  which 
are  suspended  in  the  higher  regions  of  the 
atmosphere,  are  frequently  congealed  into 
hailstones  of  considerable  size,  and  were  any 
large  portions  of  the  air  around  us  to  be  con- 
gealed in  a  similar  manner,  it  is  easy  to  fore- 
see what  disastrous  elfects  would  quickly  be 
produced  ;  and  were  the  whole  atmosphere  to 
be  frozen  into  a  solid  body,  destruction  would 
inevitably  seize  upon  all  the  tribes  of  the 
living  world,  and  the  beautiful  face  of  nature 
we  now  behold,  would  be  transformed  into  a 
chaos. 

Such  is  the  intimate  connection  that  sub- 
sists between  every  part  of  the  system  of  na- 
ture, and  such  is  the  exquisite  mechanism 
with  which  all  its  parts  are  constructed  and 
arranged,  that  if  a  single  wheel  or  pinion  of 
this  vast  machine  were  either  wanting  or  de- 
ranged, the  whole  system  would  soon  be  dis- 
solved, and  fall  into  ruins.  But  that  AlirJghty 
Being  who  sits  on  the  throne  of  the  universe, 
presides  over  all  its  subordinate  movements, 
preserves  every  clement  in  its  respective  sta- 
tion, and  directs  the  apparently  jarring  princi- 
ples of  nature  to  accomplish  his  wise  and  be- 
nevolent designs. 

In  fine,  we  may  just  further  remark,  that 
man  has  acquired  a  certain  degree  of  sove- 
reignty over  the  atmosphere,  by  which  he 
renders  it  subservient  to  his  comforts,  and  to 
tiie  execution  of  his  designs.  He  causes  it  to 
sigh  in  the  pipe,  to  complain  in  the  flute,  to 
thunder  in  the  trumpet  and  the  gong,  and  to 
utter  a  thousand  melodious  strains-"  in  the 
piano-forte  and  the  organ.  He  causes  it  to 
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announce  tidings  of  joy  or  sorrow.  He  forces  (light  on  high,  nor  would  their  warblings  he 
it  to  grind  his  corn,  to  blow  his  furnace,  to  heard  anj-ong  the  groves.  No  sound  whatever 
winnow  his  grain,  to  raise  water  from  the  would  be  heard  throughout  the  whole  expanse 
deepest  pits,  and  to  extinguish  the  flames  of  nature,  universal  silence  would  reign  un- 
when  his  buildings  are  on  fire.  He  compels  disturbed  over  the  world,  and  the  delights  of 
It  to  act  as  a  prime  mover  in  an  endless  va-  music  be  for  ever  unknown.  The  morning 
riety  of  machineiy,  and,  by  its  agency,  in  would  no  longer  be  ushered  in  by  the  dawn, 
combination  with  other  powers,  ten  thousands  nor  the  day  protracted  by  the  evening  twi- 
of  wheels  and  pinions  are  daily  set  in  motion  light.  All  would  be  gloom  and  obscurity  by 
— power-looms  are  weaving  fabrics  of  various  day,  except  in  that  quarter  of  the  Iw'avens 
descriptions — spinning-jennies  are  set  in  action,  where  the  sun  appeared,  and  no  artificial  light 
steam-vessels  impelled  along  rivers,  and  nor  flame  could  be  procured  to  cheer  the  dark- 
across  oceans — and  railway  trains  carried  ness  of  the  night.  The  whole  surface  of  the 
forward  in  every  direction  with  the  most  globe  would  present  one  wide  prospect  of  bar- 
rapid  motions.  He  yokes  it  to  his  ships,  and  renness  and  desolation,  without  a  single  object 
compels  it  to  expand  the  sails,  and  to  waft  of  beauty  to  relieve  the  horrors  of  the  scene ; 
him  across  the  billows  of  the  ocean  to  the  re-  and  this  earth,  which  now  presents  to  the  be- 
motest  shores.  And,  in  short,  it  is  on  the  holder  so  many  objects  of  sublimity  and 
wings  of  the  atmosphere  that  he  raises  him-  beauty,  would  a})pear  as  if  it  had  sunk  into 
self,  with  his  balloons,  above  the  mountain  the  primitive  chaos  whence  it  arose.  But,  as 
tops,  looks  down  from  on  high  on  the  dusky  we  are  certain  that,  according  to  the  present 
earth,  and  ranges  at  large  through  the  region  economy  of  the  animal  system,  no  living 
of  the  clouds.  creatures  could  exist  in  such  a  state  of  things, 

Thus,  a  few  of  the  beneficial  effects  pro-  it  would  be  an  inevitable  consequence  of  the 

duced   by  the   atmosphere   in   the   system  of  annihilation  of  the   atmosphere,  that   all  the 

nature,  have  been  briefly  stated.    Its  influence  myriads  of  living  beings  which   now  people 

is  essential  to  the  germination  and  growth  of  the   waters  and   the   earth,  would  sink  into 

plants,  to  the  preservation  of  water  in  a  state  remediless   destruction,    and   the   great  globe 

of  fluidity,  to  the  existence  of  fire  and  flame,  we  inhabit  be   transformed  into  one  immense 

to  the  respiration  of  all  kinds  of  animals,  to  sepulchre,  without  enjoyment,  motion,  or  life, 
the  process  of  evaporation  and  the  production        If,  therefore,  the  Creator   had  not  a  regard 

of  rain  and  dew^ ;  to  support  the  cloads,  and  to  to  the  happiness   of  his   sensitive  and   intelli- 

give   buoyancy  to  the  feathered   tribes.     It  is  gent  ofT^-pring — or,  if  he  wished   to  transform 

the  region  of  winds — the  vehicle  of  smells — •  this  globe  into   an  abode  of  darkness  and   a 

the  medium  of  sounds,  and  the  source  of  all  scene  of  mi&ery,  he   has  only  to  support   the 

the  pleasures  we  derive  from   the   harmonies  functions   of  animal   life  on   a  new  principle, 

of  music;  it  is  the  cause  of  that  universal  light  and  then  to  sweep  from   the  earth  the  atmo- 

and   splendour  which  are  difl'used  around  us,  sphere  with  which   it  is  now  environ-ed,  and 

and    of  the   advantages   we   derive   from  the  the  dismal  catastrophe  is  at  once  accomplished, 

morning  and  evening  twilight;  and   all  these  Such  a  consideration  shows  us  the  propriety 

advantages   are    more   fully    secured    by    the  and  the  emphasis  of  the  language  of  Inspira- 

transparency  of  its  particles,  and  by  its  being  tion,  "In  Him  we  live,  and  move,  and  have 

rendered  incapable  of  being  congealed  into  a  our  being" — '*In  his  hand  is  the  soul  of  every 

solid  body.  living  thing,  and  the  breath  of  all  mankind." 

What,   then,  would  be   the   consequences  But  since  we  are  assured  that  "  the  Lord  is 

were   the   earth  to  be  divested   of  its  atmo-  good  to  all :  and  his  tender  mercies  are  over 

sphere  ]     Were  the  hand  of  Omnipotence  to  all  his  works,"  and  as  we  find   no   arrange- 

delach  this  body  of  air  from  our  globe,  and  ment  in   the   system   of  the   universe  whose 

could  we  suppose  living  beings  at  the  same  ultimate  object  is  to  produce  pain  or  misery  to 

time  to  exist,  the  landscape  of  the  earth  would  any  sensitive  being,  we  have  no  fear  that  such 

be  disrobed  of  all  its  vegetable  beauties,  and  a  catastrophe  will  ever  be  permitted   to   take 

not  a  plant  nor  flower  would  be  seen  over  the  place.     At  the  same  lime,  we  know  not  what 

whole  face  of  nature  ;  the  springs  and  rivers  the  great  ends  of  his  moral  government  may 

would  cease   to  flow,  even   the  waters  of  the  incline  the  Deity  to  perform.    We  know  that, 

mighty  deep  would  be  dried  up,  and  its  lowest  at  one  period,  the  system  of  nature  connected 

caverns  be  exposed  to  view,  like  frightful  and  with  this  globe  was  disarranged  on   account 

hideous    deserts.      No    fire    nor    heat  would  of  the  wickedness  of  its  inhabitants,  and  a 

cheer  the  abodes  of  man,  either  by  day  or  by  deluge  of  waters  overwhelmed  all  the  abodes 

night;  no  rains  nor  dews  would  refresh  the  of  men.    This  catastrophe  changed  the  aspect 

fields,  no  gentle  zephyrs  would  blow,  nor  aro-  of  the  earth   and   atmosphere,  and  produced 

matic  perfumes  be  wafted  from  blooming  flow-  convulsions  which  shook  the   foundations  of 

€rs.  The  birds  would  no  longer  wing  their  the  earth,  and  disrupted  its  solid  strata ;  the 
,(1068) 
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vestiges  of  which  are  still  visihle  in  every  of  very  opposite  qualities;  one  of  these,  name- 
land,  and  form  some  of  the  subjects  of  sci-  ly  oxygen  gas,  is  the  principle  of  combustion, 
entific  investigation.  And,  therefore,  were  and  lorms  about  one-fifth  part  of  atmospheric 
the  inhabitants  of  the  world  ever  again  to  rise  air;  the  other,  namely  nitrogen,  instantly  ex- 
to  the  same  pitch  of  wickedness  as  they  did  tinguishes  every  species  of  fire  or  flame.  Were 
before  the  flood,  we  know  not  but  the  Al-  the  nitrogen,  then,  which  forms  four-fifths  of 
mighty,  instead  of  covering  the  earth  with  the  atmosj)here,  to  be  swept  away,  and  the 
an  abyss  of  water,  might  detach  from  it  the  oxygen  left  to  exert  its  native  energies,  all  the 
surrounding  atmosphere,  and  leave  its  in-  combustible  substances  on  the  face  of  the 
habitants  to  the  effect  of  such  an  awful  catas-  earth  would  instantly  take  fire,  nay,  the 
trophe.  hardest  stones,  the  most  solid  rocks,  and  even 
We  learn  from  Revelation,  that  a  period  is  water  itself,  would  blaze  under  its  force  with 
approaching,  "when  the  elements  shall  melt  such  energy  as  to  carry  destruction  through- 
with  fervent  heat,  the  earth  also,  and  the  out  the  expanse  of  nature.  Such  are  the 
works  that  are  therein  shall  be  burned  up."  elementary  principles  in  the  hand  and  under 
In  the  hand  of  Him  who  sits  on  the  throne  the  superintendence  of  the  Almighty,  which 
of  the  universe,  the  atmosphere  is  fitted  to  are  ready  at  his  command  to  bring  into  effect 
become  the  means  of  producing  this  tremen-  all  the  events,  changes,  and  revolutions,  in  re- 
dous  event.  The  atmosphere  as  formerly  lation  to  our  world,  which  are  predicted  in  the 
stated,  consists  chiefly  of  two  fluids,  or  gases,  word  of  Divine  Revelation. 


CHAPTER  VIIL 


The  Wisdom  and  Benevolence  of  the  Creator,  as  Displayed  in  the  Constitution  of  the 

Atmosphere. 

As  this  topic  has  been  partially  alluded  to  gree  the  circulation  of  the  fluids  in  animal 

in   the  preceding  chapter,  only  two  or  three  bodies,  and  produce  a  degree  of  heat  through 

additional  illustrations  may  now  be  given.  the    influence    of  which    they  v/ould    rapidly 

1.  The  wisdom  and  goodness  of  God  are  waste  and  decay.  We  know  by  experience 
manifest,  in  the  proportion  which  subsists  be-  that  nitric  oxyde,  which  consists  of  forty-four 
tween  the  difl"erent  gases  of  which  the  atmo-  parts  of  nitrogen  and  fifty-six  of  oxygen,  pro- 
sphere  is  composed.  Were  the  oxygen  less  duces  instant  suffbcation  in  all  animals  that 
in  quantity  than  it  now  is — were  it,  for  ex-  attempt  to  breathe  it.  We  also  know  that  the 
ample,  in  the  proportion  of  fifteen  to  eighty-  nitric  acid,  one  of  the  most  corrosive  substan« 
five,  in  a  hundred  parts  of  nitrogen,  instead  of  ces,  is  composed  of  seventy-five  parts  oxygen 
twenty-one  to  seventy-nine,  fire  would  lose  its  and  twenty-five  parts  nitrogen,  which  are  only 
strength,  candles  would  not  diffuse  a  sufficient  different  proportions  of  the  substances  in  at- 
light,  plants  would  wither,  and  animals  could  mospheric  air;  so  that  were  the  atmosphere 
not  breathe  without  the  utmost  difficulty  and  composed  of  the  same  proportion  of  ingredi- 
pain.  On  the  other  hand,  were  the  nitrogen  ents,  our  breathing  it  might  produce  the  same 
diminished,  and  the  oxygen  greatly  increased,  effect  as  if  we  were  to  swallow  a  pint  of  aqua» 
the  least  spark  would  set  combustible  bodies  fortis,  or  nitrous  acid,  which  we  all  know 
in  a  flame,  and  in  a  few  moments,  they  would  would  produceour  immediate  destruction.  Can 
be  entirely  consumed.  Candles  would  be  we,  then,  be  at  a  loss  to  perceive,  in  the  ad- 
wasted  in  a  few  minutes  after  they  were  light-  justmcnt  of  the  gases  which  compose  our 
ed,  and  would  serve  no  other  purpose  than  to  atmosphere,  the  wisdom  and  benevolence  of 
dazzle  our  eyes  with  a  transient  blaze.  Were  the  Deity  ;  and,  at  the  same  time,  the  infinite 
a  few  houses  in  a  large  city  set  on  fire,  such  comprehension  of  the  Divine  Mind,  in  foresee- 
would  be  the  rapidity  with  which  the  flames  ing  all  the  effects  that  would  be  produced  by 
would  spread  on  every  side,  that  in  a  few  the  different  combinations  of  these  gases,  and 
hours,  or  even  minutes,  thevvhole  city  vu^ould  in  selecting  that  particular  combination  for  the 
be  wrapped  in  one  wide  and  unquenchable  atmosphere  which  is  precisely  adapted  to  the 
blaze,  and  no  human  art  could  arrest  the  pro-  existence  and  the  comfort  of  living  beings  ] 
gress  of  the  destructive  conflagration.  In  such  2.  The  Divine  wisdom  and  goodness  are  no 
atmosphfti'ic  air,  iron  would  be  calcined,  in-  less  conspicuous  in  determining  the  relative 
stead  of  acquiring  from  the  fire  that  softness  specific  gravity  of  these  gases.  The  oxygen 
necessary  for  foTuing  it  into  various  instru-  gas  is  found  to  be  a  little  heavier  than  com- 
ments ;  it  would  accelerate  to  a  dangerous  de-  mon  air,  and    the    nitrogen  a   little    lighter, 
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which  enables  it  to  rise  to  the  higher  regions 
of  the  atmosphere.  In  respiration  (or  breath- 
ing) there  are  four  stages  or  periods: — 1.  In- 
spiration, or  drawing  in  the  air. — -2.  A  pause 
when  the  lungs  are  filled. — 3.  Expiration,  or 
breathing  out  the  air  from  the  lungs ; — and  4. 
A  pause  when  the  lungs  are  emptied.  In 
breathing,  the  air  which  is  evolved  from  the 
lungs  at  every  expiration,  consists  chiefly  of 
nitrogen,  (and  a  small  portion  of  carbonic-acid 
gas,)  which  is  entirely  unfit  to  be  breathed 
again,  and  therefore,  by  its  levity,  rises  above 
our  heads  before  the  next  inspiration.  The 
pause  which  takes  places  between  every  in- 
spiiation  is  evidently  intended  lo  allow  time 
for  the  nitrogen  gas  which  is  thrown  out  of 
the  lungs  to  rise  in  the  air,  in  order  that  a 
fresh  portion  of  the  atmosphere  may  be  taken 
in,  and  that  the  same  air  may  not  be  breathed 
again.  During  that  remarkable  interval,  there 
is  time  left  for  the  noxious  fluids  to  separate, 
the  nitrogen  to  ascend  while  the  carbonic-acid 
gas  preponderates,  leaving  a  space  between 
for  a  fresli  current  of  pure  atmospheric  air  to 
rush  into  the  lungs.  But  what  would  be  the 
consequence  if  nitrogen  gas,  instead  of  being 
a  little  lighter,  had  been  a  shght  degree  hea- 
vier than  common  air,  or  of  the  same  specific 
gravity  ]  Then  we  should  not  only  have  been 
obliged  to  breathe  a  portion  of  it  again  at 
every  insiiiration,  but  the  vast  quantity  of  it 
thrown  olFby  the  respiration  of  men  and  other 
animals  would  have  perpetually  occupied  the 
lower  regions  of  the  atmosphere  ;  and  espe- 
cially in  our  chambers  it  have  would  accumu- 
lated to  such  a  degree  as  to  have  produced 
diseases,  pestilence  and  death,  in  rapid  succes- 
sion. But,  being  a  little  lighter  that  the  sur- 
rounding atmosphere,  it  flies  upwards,  and  we 
never  breathe  it  again  till  it  has  entered  into 
new  and  salutary  combinations.  Such  is  the 
benevolent  skill  which  the  great  Author  of 
nature  has  displayed  for  the  preservation  and 
comfort  of  the  human  family  and  of  every 
species  of  animated  existence. 

3.  The  wisdom  of  the  Creator  is  displayed 
in  the  process  for  supplying  the  waste  of 
oxygen,  and  promoting  the  renovation  of  the 
atmosphere.  The  quantity  of  carbonic  acid 
which  is  daily  formed,  by  combustion  and  the 
respiration  of  animals,  is  so  great,  that  it  must 
have  rapidly  increased  to  a  most  dangerous  ex- 
tent, had  not  the  Almighty  provided  means 
for  its  being  as  rapidly  decomposed.  It  is  well 
known  that  whenever  atmosphericair  becomes 
charged  with  one-tenth  of  this  gas,  it  is  unfit 
for  promoting  combustion,  and  is  fatal  to  most 
animals  that  breathe  it.  Hydrogen  too,  and 
carburetled  hydrogen  gas,  are  perpetually 
evolved  at  the  surface  of  the  earth  from  va- 
•ious  sources,  particularly  from  marsiies,  dung- 
hills, and  stagnant  pools;  and  these  are  like- 
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wise  prejudicial,  and  even  destructive,  to  the 
animal  creation.  On  the  other  hand,  oxygen 
gas,  which  is  the  support  of  fire  and  animal 
life,  is  continually  wasted  by  the  various  pro- 
cesses of  combustion,  as  in  the  cases  of  fur- 
naces, burning  candles,  and  domestic  fires,  and 
by  the  breathing  of  all  animals.  How,  then, 
has  the  all-wise  Creator  contrived  to  supply 
this  waste,  and  to  protect  the  inhabitants  of 
the  world  from  the  baneful  effects  of  the  other 
gases  with  which  the  atmosphere  is  contami- 
nated 1  The  process  appears  to  be  this :— • 
Vegetables  are  so  constituted  that  carbon  and 
hydrogen  are  the  necessary  food  of  plants, 
and  are  conducive  to  the  support  of  vegetable 
life.  Their  vegetating  organs  seize  the  car- 
bonic-acid gas  that  comes  within  their  reach, 
and  while  they  appropriate  the  carbon  to 
themselves,  the  oxygen  is  thrown  ofT  to  reno- 
vate the  atmosphere,  by  its  union  with  the  ni- 
trogen ejected  by  animal  respiration.  The 
leaves  of  trees,  shrubs,  and  other  vegetables, 
give  out,  during  the  day,  a  large  portion  of 
oxygen  gas,  which  unites  with  the  surround" 
ing  air,  keeps  up  the  equilibrium  of  the  gases, 
and  preserves  the  salubrity  of  the  atmosphere  ; 
for  it  is  found  by  experience  that  the  air  in 
every  region,  in  the  most  crowded  cities,  as 
well  as  in  the  open  fields,  contains  the  same 
quantity  of  oxygen  gas.  Thus  it  appears, 
that  what  is  noxious  to  man  is  rendered  benc" 
ficial  to  the  vegetable  tribes,  and  the  oxygen 
of  which  they  do  not  stand  in  need,  is  sepa- 
rated by  them,  in  its  utmost  purity,  for  the 
use  of  man.  The  wisdom,  the  simplicity, 
and  the  beneficence  of  this  arrangement,  can- 
not fail  to  produce  conviction  in  every  reflect- 
ing mind,  that  the  laws  of  nature  are  not  to 
be  referred  to  blind  chance,  but  to  unerring 
intelligence  combined  with  boundless  benefi- 
cence. In  every  breath  we  draw,  we  may 
perceive,  if  we  reflect  on  the  above  slated 
arrangements,  that  we  are  every  moment  in- 
debted to  an  all-wise  and  almighty  Being,  in 
whom  we  live  and  move,  for  the  continuance 
of  our  existence  and  for  every  comfort  we 
possess,  and  therefore  praise,  adoration,  and 
thanksgivings,  are  due  to  him  from  all  the 
ranks  of  his  intelligent  offspring. 


The  department  of  the  subject  already 
treated,  may  now  be  concluded  with  a  reflec- 
tion or  two,  founded  on  the  statements  previ- 
ously made. 

I.  From  the  invisibility  of  the  atmosphere, 
and  its  numerous  and  important  efTects  in  the 
system  of  nature,  we  may  learn  the  folly  o< 
denying  the  reality  of  a  future  and  invisible 
state  of  existence,  because  the  objects  con- 
nected with  that  state  are  not  perceptible  by 
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our  corporeal  senses.  Who  could  have  ima-  are  real,  although  they  are  placed  at  such  a 
gined,  previously  to  modern  discoveries,  that  distance  as  not  to  be  cognizable  by  our  present 
all  the  Junctions  of  the  vegetable  kingdom,  visual  organs.  They  are  not  all  merely  of  a 
and  all  the  comforts  enjoyed  by  animated  spiritual  nature,  they  are  also  connected  with 
beings,  are  dependent  upon  the  operation  of  a  material  objects;  but,  between  our  sensitive 
few  invisible  fluids,  and  that  all  the  beauties  organs  and  such  objects,  immeasurable  regions 
of  this  lower  creation  are  owing  to  the  com-  of  space  intervene.  The  glorified  body  of  ths 
position  and  decomposition,  in  a  thousand  Redeemer  of  mankind  is  a  material  substance 
different  ways,  of  those,- gaseous  substances  and  an  object  of  sense,  and  it  inhabits  a  region 
whose  operations  are  imperceptible  to  the  somewhere  within  the  bounds  of  the  material 
keenest  eye  1  And  yet,  the  researches  of  creation,  but  its  distance  from  the  sphere  in 
modern  chemistry  have  proved  this  fact  to  a  which  we  now  reside  removes  it  from  our 
demonstration,  and  shown  us  that  every  breath  view;  and  we  want  that  vigour  and  energy 
we  draw,  every  pleasing  sensation  we  feel,  of  our  corporeal  organs  which  the  martyr 
every  portion  of  food  we  eat,  every  particle  of  Stephen  seems  to  have  enjoyed,  when  the 
heat  that  warms  our  apartments,  every  ray  of  heavens  v^ere  opened,  and  "  he  saw  the  glory 
ariincial  light  that  illuminates  our  streets  and  of  God,  and  Jesus  stanjding  on  the  right  hand 
habitations,  and  every  musical  sound  that  en-   of  God." 

chants  our  ears,  are  owing  to  the  unremitting  In  certain  pools  of  water,  animalcules  are 
motion  and  energy  of  invisible  substances,  found,  whoso  bodies,  when  magnified  a  hnn- 
And  shall  we,  then,  assert  that  the  invisible  dred  thousand  times  their  natural  size,  aro 
principle  of  mind  is  not  in  existence  nor  in  visible  only  as  so  many  moving  points.  A 
action  beyond  the  limits  of  this  diurnal  sphere,  consideralfle  portion  of  the  watery  element  on 
because  its  operation  in  tliat  state  lies  beyond  our  globe  is  filled  with  such  invisible  inhabit- 
the  range  of  our  senses  ?  We  behold  multi-  ants,  which  have  never  been  perceived  by  the 
tudes  of  rational  beings  daily  departing  from  millionth  part  of  mankind.  In  this  and  simi- 
the  living  world  ;  their  organical  frames  crum-  lar  instances,  we  have  an  invisible  world  of 
bling  into  the  dust,  and  the  intellectual  prin-  animated  beings  existing  around  us,  but  no 
ciple  which  animated  them  disappearing  from  one  calls  in  question  their  existence  because 
mortal  view.  But  we  have  no  more  reason  they  can  only  be  observed  by  powerful  micro- 
to  doubt  that  it  is  existing  and  operating  in  scopes,  and  are  not  perceptible  by  the  majority 
another  sphere,  than  we  have  to  doubt  of  the  of  mankind.  In  short,  the  Divine  Being  per- 
incessant  energy  of  the  invisible  gases  in  vades  every  part  of  space  with  his  essence, 
giving  life  and  beauty  to  sublunary  nature,  and  is  intimately  present  with  every  one  of 
The  disembodied  spirits  of  men,  whether  ex-  his  creatures,  yet  remains  for  ever  invisible  to 
isting  in  a  pure  ethereal  form,  or  invested  mortal  eyes.  But,  on  this  ground,  no  one  but 
with  fine  material  vehicles,  may  be  employed  an  atheist  ever  calls  in  question  his  existence, 
in  active  services,  and  in  sublime  contempla-  In  Hke  manner,  the  invisibility  of  the  objects 
tions  and  investigations,  of  which  we  can  at  connected  with  a  future  world  ought  to  form 
present  form  no  adequate  conception.  We  no  ground  of  doubt  respecting  the  certainty 
may,  on  the  same  grounds,  form  a  conception  and  reality  of  their  existence. 
of  spirits  suffering  pains,  anxieties,  sorrows,  2.  We  may  learn  what  ought  to  be  our 
and  miseries,  of  different  kinds,  from  a  retro-  great  object  in  the  study  of  the  sciences,  and 
spective  view  of  their  former  feelings,  affec-  in  the  investigation  of  the  phenomena  of 
tions,  and  conduct,  even  when  separated  from  nature, 

those  material  organs,  with  which  they  were  Some  persons  are  disposed  to  consider  sci- 
formerly  connected.  ence   and   natural   history  merely  as  genteel 

With  regard  to  the  great  objects  of  religion,  studies;  others  apply  their  minds  to  such  sub- 
many  of  them  lie  beyond  the  range  of  our  jccts  with  the  view  of  bearing  a  part  in  the 
corporeal  vision,  as  some  of  the  agents  em-  conferences  of  men  of  learning.  Some,  again, 
ployed  in  certain  chemical  processes  elude  prosecute  such  pursuits  for  the  purpose  of 
our  senses.  Faith  is  described  to  be  "  the  making  collections  of  scarce  and  valuable  cu- 
coiifident  expectation  of  things  hoped  for,  and  riosities,  and  of  displaying  a  degree  of  know- 
the  conviction  of  things  which  are  not  seen."*  ledge  and  taste  superior  to  those  of  their 
It  substantiates  and  realizes  those  objects  neighbours;  and  the  greater  part  of  mankind 
which  are  invisible  to  the  eye  of  sense,  or  consider  such  studies  as  only  an  amusement, 
which  lie  far  beyond  its  present  range  of  view,  or  a  relaxation  of  mind  from  the  fitigues  of 
Hence  we  are  told  that,  in  the  present  world,  their  daily  avocations.  But  the  study  of  na- 
we  should  "  walk  by  faith,  not  by  sight."  ture  and  of  science'  is  highly  dishonoured  by 
The   objects  connected    with  a   future  world   such    grovelling   and   confracted  views.     The 

prospect  of  the  universe  was   exposed  to  our 
♦  Docfderidge's  transtation  of  Ileb  xi,  1.  view  for  more  noble  and  exalted  purposes — to 
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make  us  wiser  and  better  men,  to  expand  our  — to  be  conscious  of  tbe  blessings  W6  everj 
views  of  the  perfections  of  our  Creator,  and  to  moment  receive,  and,  at  the  same  lime,  to  b^ 
inspire  us  vvilh  a  grateful  sense  of  all  the  bless-  utterly  unmindful  of  the  hand  from  whence 
ings  we  daily  receive  from  his  bountiful  hand,  they  flow- — are  a  most  glaring  inconsistency. 
There  are  two  great  objects  which  we  ought  a  shameful  abuso  of  our  understanding,  and 
always  to  keep  in  view  in  our  investigations  an  act  of  the  most  jflagrant  ingratitude.  AH 
of  the  laws  of  nature  and  of  the  principles  our  knowledge  is  of  no  farther  importance  to 
which  operate  in  the  material  world.  In  the  us  than  as  it  has  an  influence  on  our  affec- 
first  place,  to  deduce  from  our  observation  of  tions  and  conduct,  and  leads  us  to  entertain 
physical  facts,  those  principles  by  which  the  impressive  and  reverential  ideas  of  that  al- 
powers  of  man  may  be  extended — the  useful  mighty  Being,  "in  whose  hands  our  breath 
arts  improved  and  carried  to  perfection — and  is,  and  whose  are  all  our  ways." 
the  comforts  and  enjoyments  of  mankind  pro-  Let  us,  then,  for  the  air  we  breathe,  and 
moted  and  increased.  In  the  next  place,  and  the  numerous  benefits  we  derive  from  the  sur- 
chiefly,  that  our  conceptions'  of  the  Creator's  rounding  atmosphere,  display  our  gratitude, 
power,  wisdom,  benevolence,  and  superintend-  and  consecrate  all  our  powers  and  faculties  to 
ing  providence,  may  be  enlarged,  and  that  we  the  service  of  Him  who  "  made  the  earth  by 
may  be  more  di-posed  to  pay  him  that  tribute  his  power,"  and  "hath  esta!)lished  the  work! 
of  adoration  and  gratitude  which  is  due  to  his  by  liis  wisdom;" — who  ^'causeth  the  vapours 
name.  Every  study  which  sets  the  supreme  to  ascend  from  the  ends  of  the  earth ;"  who 
Being  on  one  side  and  nature  on  the  other,  is  "  maketh  lightnings  with  rain,  and  bringeth 
nothing  more  than  an  idle  amusement— it  is  the  wind  out  of  his  treasures,"  and  whose 
Jost  labour,  and  productive  of  little  else  than  'Uender  mercies  are  over  all  his  works,"  'J'o 
ignorance  and  error,  pride  and  arrogance.  To  Him  who  hath  created  and  redeemed  us,  all 
employ  our  thoughts  on  a  thousand  particu-  our  powers  and  energies  ought  to  be  devoted 
Jars  in  nature  without  directing  them  to  the  froio  J)enceforth  and  lor  ever,  for  he  is  worthy 
great  Creator  of  all  things — to  profess  to  ad-  to  receive  all  praise,  honour,  and  dominion 
mire  the  displays  of  his  wisdom,  omnipotence,  from  men,  from  angels,  and  from  the  inhabit- 
and  goodness,  while  we  violate  his  laws,  and  ants  of  all  the  worlds  dispersed  throughout  the 
persist  in  a  course  of  avarice  or  of  dissipation   regions  of  the  universe. 


PART  II, 

ATMOSPHERIC  PHENOMENA. 

Tuts  is  a  subject  which  would  admit  of  il-  I.  Aqueous    meteors;    as   evaporation,    rain, 

lustration  sufficient  to  occupy  a  distinct  vol-  snow,  hail,  clouds,  etc. 

ume;  but  the  present  limits  will  admit  of  only  IT,  Winds,  sea  and  land  breezes,  monsoonsj, 

a  very  condensed  and  superriicial  view  of  the  hurricanes,  etc. 

diversified  objects  connected  with  the  pheno-  IIL  Luminous  and  fiery  meteors,  as  fire-balls, 

mena  of  the  atmosphere.  falling  stars,  thunder  and  lightning,  lu- 

The  atmospherical  phenomena  may  be  ar-  minous     arches,    fata     morgana,    aerial 

ranged  under  the  following  heads  :■—  spectres,  etc 


CHAPTER  L 

Aqueous  Meteors. 

i.  EvAPouATioK.— This  is   a   process  by  densation,  form  those   clouds  which  we  ge© 

which  water  and  other  substances  are  con-  floating  around  us..     They  are  elastic,  invisi- 

verted  into  elastic  fluids  by  the  influence  of  ble  substances,  like  common  air,  but  lighter; 

heat  or  caloric.     Vapours  being  lighter  than  being  to  common  air,  according  to  Saussure's 

air,  are  raised  into  the   upper  regions  of  the  experiments,  as  ten  to  fourteen.    If  we  expose 

atmosphere,  and  afterwards,  by  a  partial  con-  water  to  heat,  bubbles  at  first  adhere  to  the 
(1073) 
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sides  of  the  vessel,  which  by  degrees  ascend   poration  is  about  four  times  as  great  between 
to  the  surface  and  burst.     These  bubbles  rise   the  vernal  and  autumnal  equinox  as  in  the 
the   more  rapidly  in   proportion   to   the  heat,   rest  of  the  year.    The  degree  of  cold  produced 
Water  is  evaporated  by  the  heat  of  the  sun   by  evaporation  is  much  greater  when  the  air 
merely,  and  even  without  it  in  the  open  air;   is  warmer  than  the  evaporating  surface,  than 
and  the  vapour  rising  into  the  air  is  condensed   when    the   latter   is   the  warmer  of  the   two. 
into  clouds.     An  immense  quantity  of  vapour   From  these  and  other  facts,  it  is  plain  that 
is,  in  this  way,  raised  from  the  different  regions   tracts  of  land  which  are  covered  with  trees  are 
of  the  earth.     In  order  to  estimate  the  quan-  much  colder  than  those  where  there  is  a  less 
tity  thus  raised,  Dr.  Watson,  bishop  of  Lan-  surface    of  vegetable    matter,    such    grounds 
daff,  made  the  following  experiments: — Hav-   being  found  to  emit  one-third   more  vapour 
ing  provided  a  large  drinking-glass,  the  area   than    the    same   space    covered   with    water 
of  the   mouth   of  which   was  twenty  square   Hence  the  important  change  of  climate  which 
inches,  he  placed  it  with  its  mouth  downwards   a   country   undergoes  by   being   cleared   and 
on  a  grass-plat  which  was  mown  close.     The   cultivated.     America  is  not  the  same  country 
sun  shone  bright  and  hot,  and  there  had  been   at  present,  either  with  respect  to  temperature 
no  rain  for  upwards  of  a  month.     When  the   or  salubrity,  as  it  was  several  centuries  ago, 
glass  had  stood  on  the  grass-plat  one  quarter  when  it  was  covered  with  woods, 
of  an   hour,  and   had  collected  a  quantity  of       By   this  perspiration  of  the  globe,    it  has 
condensed  vapour,  he  wiped  its  inside  with  a   been  estiaiated  that  thirty-six  inches  of  water 
piece  of  muslin,  the  weight  of  which  he  had   per  annum  are  raised  from  the  surface  of  all 
previously  ascertained,   and,  as  soon   as  the   the  seas  and  rivers,  and  at  least  thirty  inches 
glass  was  wiped  dry,  the  muslin  was  weighed,   from  all   the   regions  of  the  land.     Hence  it 
The  medium  increase  of  weight  from  various  follows,  that  by  this  constant  process  of  eva- 
experiments,  between  twelve  and  three  o'clock,   poration^   100,000  cubic  miles  of  water  are, 
was  six  grains  in  one  quarter  of  an  hour,  from  every  year,  raised  into  the  atmosphere  ;  the 
twenty  square  inches  of  earth.     At  this  rate   greater  part  of  which,   at  a   certain  height, 
of    evaporation,    computing    seven    thousand   parts   with    its   heat,    and   is  condensed  into 
grains   troy  to  one   pint  of  water,  and   eight   clouds.     Were  this  prodigious  mass  of  water 
pints  to  a  gallon,  it  may  be  shown  that  one   all   to  subsist  in   the  atmosphere  at  once,  it 
thousand  six  hundred  gallons  of  water  would   would  increase  about  a  twelfth  part,  and  raise 
be  r.aised  from  one  acre  of  ground  in  twenty-   the  barometer  nearly  three  inches.     But  this 
four   hours.     It  is  evident  that  the  quantity   never  happens ;  no  day  passing  without  rain 
will  be  still  greater  when  the  ground  has  been   in  some  parts  of  the  earth,  so  that  part  of  the 
drenched  with  rain.     To  prove  this,  the  same   evaporated  water  is   again  constantly  precipi- 
philosopher  made  two  other  experiments,  one   tated.     The  clouds  formed  by  evaporation  are 
of  them   the  day  after  the   ground  had   been   carried   by    the  winds  over  the  land,   broken, 
wetted  by  a  thunder-shower;  and  to  ascertain   and  precipitated   by   the  action   of  mountains 
the  circumstances  more   exactly,  he  took  the   and   trees,    and   thus    rendered    the  means  of 
heat  of  the  earth  by  a  thermometer  laid  on  the   watering    the    soil,    and    producing    fertility- 
grass,    which    in    the    first    experiment    was   through    every    region    of  the    globe.     It   is 
ninety-six  degrees,  when  the  evaporation  was   owing  solely,  to   this  process  that  our  clothes, 
at  the  rate  of  1973  gallons  from   an  acre,  in   when  washed  and  spread  out  to  the  open  air, 
twelve    hours.     The    other   experiment    was   are  soon  dried.     Were  there  no  such  process 
made  when    there    had   been   no  rain   for  a   as  evaporation  in  the  system  of  nature,  our 
week,  and  when   the  heat  of  the  earth  was   linens  and  other  clothes,  when  drenched  in 
110  degrees;  this  experiment  gave  after  the   water,   might  remain    for   centuries  without 
rate  of  2800  gallons  from  an  acre  in  twelve   being  dried — a  circumstance  which  is  seldom 
hours;   the   earth   was  hotter  than   the    air,   thought  of  by  thoughtless  men,  but  which  de- 
being  exposed  to  the  reflection  of  the  sun's   mands  our  thanksgiving  and  gratitude.    Henco 
rays  from  a  brick  wall.  we  are  called  upon  by   the   sacred  writers  to 

Hence  it  appears  that  evaporation  must  praise  "  the  name  of  the  Lord,"  who  "  causeth 
form  a  very  important  process  in  the  economy  the  vapours  to  ascend  from  the  ends  of  the 
of  nature.  The  following  are  some  facts  in  earth."  Psalm  cxxxv.  5. 
relation  to  this  process.  A  much  greater  2.  Clouds. — The  aqueous  vapours,  con- 
quantity  of  vapour  rises  during  hot  weather  densed  by  cold,  or  rising  in  the  atmosphere  to 
than  during  cold,  as  appears  from  the  preced-  a  region  of  the  air  lighter  than  themselves, 
ing  experiments.  Even  when  the  temperature  from  strata  of  visible  vapours,  which  we  call 
is  the  same,  it  varies  according  to  circum-  clouds.  These  masses  assume  a  great  variety 
etances.  It  is  least  of  all  in  calm  weather,  of  shapes  and  configurations,  which  some- 
greater  when  a  breeze  blows,  and  greatest  times  enliven  the  face  of  the  sky,  and  ai  other 
wi^h  a  strong  wind.  In  our  climate,  the  eva-  times  cause  a  gloom  and  shadow  of  darkness 
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to  overspread  the    landscape.     The  distance    ance,    this    species   of   cloud    is    called    th© 
of  the  clouds  above   the  surface   of  the  earth   mare's-tail  cloud. 

Taries  at  different  times,  and  according  to  the  The  cumulus  is  a  cloud  of  a  dense  struc- 
nature  of  the  cloud.  Thin  and  light  clouds  ture,  formed  in  the  lower  region  of  the  atmo- 
firequently  rise  to  the  height  of  four  or  five  sphere,  and  moving  along  in  the  current  of 
miles,  as  they  are  sometimes  seen  above  the  wind  which  is  next  to  the  earth.  Its  first 
tops  of  the  highest  mountains.  Their  average  appearance  is  generally  a  small  irregular 
height  may  be  reckoned  about  two  and  a  half  spot,  which  increases  in  size,  preserves  a  flat 
miles ;  but  some  dense  clouds  frequently  de-  horizontal  base,  and  assumes  more  or  less  of 
scend  so  low  as  to  touch  mountains,  hills,  a  conical  figure.  Such  clouds  are  sometimes 
steeples,  and  even  high  trees,  particularly  pretty  well  defined  hemispherical  masses  5 
during  thunder-storms.  The  size  of  some  of  at  other  times,  they  rise  into  mountains, 
these  clouds  has  been  estimated  to  cover  a  ranged  in  one  plane,  their  silvery  summits 
space  of  fifteen  or  twenty  square  miles,  and  presenting  a  beautiful  appearance.  Before 
their  thickness  above  a  thousand  feet.  Their  rain  they  increase  very  rapidly,  and  descend 
motions  are  generally  directed  by  the  winds,  low  in  the  atmosphere.  Great  masses  ot 
excepting  when  thunder  is  about  to  happen ;  them,  during  high  winds,  are  seen  in  the 
in  which  case,  they  seem  to  move  very  slowly,  quarter  of  the  heavens  towards  which  the 
and  sometimes  remain  absolutely  stationary,  wind  blows,  and  indicate  approaching  calm 
which  is  probably  owing  to  their  being  im-   and  rain. 

pelled  by  two  opposite  currents  of  air.  The  stratus  has  a  mean  degree  of  density  ? 

Clouds  have  been  arranged  by  modern  na-  it  is  the  lowest  of  clouds,  and  its  inferior  sur- 
turalists  into  several  classes,  according  to  their  face  frequently  rests  on  the  earth  or  on  the 
different  configurations,  and  the  regions  of  the  water.  The  time  of  its  appearance  is  about 
atmosphere  where  they  are  generally  found,  sunset,  and  it  disappears  soon  after  sunrise. 
They  have  been  distinguished  by  Howard  It  comprehends  all  those  creeping  mists  which, 
into  seven  modifications,  the  peculiarities  of  in  calm  evenings,  ascend  in  spreading  sheets, 
which  are  supposed  to  be  caused  by  the  agency  like  an  inundation  of  water,  from  the  bottom 
of  electricity.  There  are  three  primary  modi-  of  valleys.  Sometimes  it  remains  quiet,  and 
fications — the  cirrus,  the  cumulus,  and  the  accumulates  in  layers,  till  the  atmosphere  is 
stratus ;  two  which  may  be  considered  as  in-  capable  of  sustaining  its  weight,  when  it  as- 
termediate  in  their  nature — the  cirro-cumulus,  sumes  the  position  of  the  dark  nimbus,  and 
and  the  cirro-stratus ;  one  which  appears  to  falls  in  a  shower  of  rain, 
be  a  compound — the  cumulo-stratus;  and  The  other  species  of  clouds  may  be  briefly 
lastly,  the  cumulo-cirro-stratus,  or  nimbus,  a  stated,  which  are  compound  modifications, 
state  which  immediately  precedes  the  reso-  The  cirro-cumulus  consists  of  a  collection  of 
lution  of  clouds  into  rain.  These  clouds  are  small  white  cloudsj  of  a  roundish  form,  which 
generally  assigned  to  three  atmospherical  re-  give  to  the  sky  the  appearance  called  dappled, 
gions,  the  upper,'  the  middle,  and  the  lower  and  are,  in  summer,  considered  as  a  prognostic 
one ;  to  Which  a  fourth,  the  lowest,  may  he  of  settled  weather ;  or,  at  least,  of  an  increase 
added.  In  the  upper  region,  the  atmosphere  of  temperature.  They  form  a  very  beautifuS 
is  in  such  a  state  that  it  can  receive  and  sus-  sky,  and  are  more  frequent  in  summer  that  in 
tain  only  light,  and  thin  vapours,  and  to  this  winter.  The  cirro-stratus  is  generally  in  the 
district  belongs  the  cirrus,  form  of  long  horizontal  streaks,    v/hich    are 

The  cirrus  has  the  least  density  of  all  the  ever  shifting  their  figure  and  position.  Jt 
forms  of  cloud,  but  the  greatest  height  and  precedes  wind  and  rain,  the  near  or  distant 
variety  of  shape  and  direction.  It  is  the  first  approach  of  which  may  sometimes  be  esti- 
indication  of  serene  and  settled  weather,  and  mated  from  its  greater  or  less  abundance.  It 
first  shows  itself  in  a  few  fibres  spreading  is  frequently  seen  in  the  intervals  of  storms, 
through  the  atmosphere.,  It  sometimes  looks  The  form  and  relative  position,  when  seen  in 
like  a  fine  whitish  thread  pencilled  on  the  the  distance,  frequently  give  the  idea  of  shoals 
clear  blue  sky.  These  fibres,  by  degrees,  in-  of  fish.  It  is  that  modification  which  mosi 
crease  in  length,  and  new  fibres  attach  them-  frequently  exhibits  the  phenomena  of  the 
selves  to  the  sides.  The  duration  of  the  solar  and  lunar  halo.  The  cumulo-stratus  is 
cirrus  is  uncertain  :  in  some  kinds  of  weather,  a  large,  lofty,  dense  cloud,  which  may  b© 
its  figure  is  so  rapidly  and  continually  changed,  compared  to  a  mushroom,  with  a  very  thick, 
that,  after  turning  the  eye  from  it  for  a  few  short  stem.  It  rises  through  the  interstices 
minutes,  it  will  frequently  be  found  almost  of  the  superior  clouds ;  and  the  whole,  seeis 
completely  changed.  In  other  cases,  it  is  as  it  passes  off  in  the  distant  horizon,  presents 
sometimes  visible  for  many  hours  and  even  to  the  fancy  mountains  covered  with  snow 
days  together,  without  much  changing  its  ap-  intersected  with  dark  ridges,  rocks,  towers, 
peatance.  From  its  usually  curling  appear-  and  other  objects.  Before  thunder-storms,  i& 
.41074) 
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frequently  appears  reddish.  The  nimbus  is  and  increase  in  size  as  they  full,  by  combining 
the  cloud  of  rain.  Before  rain  takes  place,  with  the  floating  vapours  as  they  pass  through 
the  clouds  are  uniformly  found  to  undergo  a  them.  We  have  but  an  obscure  conception, 
change,  attended  with  appearances  sufficiently  however,  of  the  chemical  nature  of  vapour, 
remarkable  to  indicate  this  as  a  distinct  modi-  and  of  the  chemical  processes  which  are  going 
Hcation  of  clouds.  It  consists  of  a  horizontal  on  in  the  production  of  vapour,  and  its  subse- 
sheet,  above  which  the  cirrus  spreads,  while:  quent  resolution  into  rain.  Dr.  Thomson  has 
the  cumulus  enters  it  laterally,  ani  from  this  general  remark  on  the  subject,  after 
beneath.  quoting    the    opinions  of  Dr.    Watson,    Dr. 

Clouds  are  frequently  highly  charged  with  Hales,  and  others,  that  "  the  formation  of  the 
electricity.  These  not  only  produce  violent  clouds  and  rain  cannot  be  accounted  for  by  a 
storms  of  thunder  and  lightning,  but  are  single  principle  with  which  we  are  acquainted, 
sometimes  the  cause  of  the  destruction  of  life  It  is  neither  owing  to  the  saturation  of  the 
and  the  most  fearful  devastations.  In  the  atmosphere,  nor  the  diminution  of  heat,  nor 
year  1773,'  a  bright  cloud  was  observed,  at  the  mixture  of  airs  of  different  temperatures; 
midnight,  to  cover  a  mountain  in  the  island  for  clouds  are  often  formed  without  any  wind 
of  Java,  which  emitted  flames  of  fire  so  lumi-  at  all,  either  above  or  below  them  :  and  even 
nous,  that  the  night  became  as  clear  as  day.  if  this  mixture  constantly  took  place,  the  pre- 
It  destroyed  every  thing  for  twenty  miles  cipitation,  instead  of  accounting  for  rain, 
around  :  buildings  were  demolished,  planta-  would  be  almost  imperceptible."  Instead, 
lions  buried  in  the  earth  ;  fifteen  thousand  therefore,  of  detailing  conflicting  opinions  on 
cattle,  a  vast  number  of  horses  and  other  ani-  this  subject,  we  shall  state  only  a  few  general 
mals,  and  above  two  thousand  human  beings,  facts  in  relation  to  rain. 

were  destroyed  by  the  agency  of  this  tremen-  It  is  worthy  of  our  notice,  that  drops  of 
dous  cloud.  On  the  29th  of  October,  17.57,  rain  are  always  found  larger  in  the  lower 
in  the  island  of  Malta,  a  little  after  midnight,  regions  of  the  atmosphere.  In  going  down  a 
a  great  black  cloud  appeared,  which  changed  high  mountain  in  the  time  of  rain,  the  drops 
its  colour  as  it  approached  the  city,  till  it  be-  gradually  increase,  till,  reaching  the  bottom, 
came  like  a  flame  of  fire,  mixed  with  black  they  increase  from  a  drizzling  shower  to  a 
smoke,  and  a  dreadful  noise  was  heard  on  its  heavy  rain.  To  ascertain  the  generality  of 
approach.  It  tore  an  English  ship  to  pieces,  this  fact,  Dr.  Heberden,  in  the  year  1776, 
and  carried  the  masts,  sails,  and  cordage,  to  a  made  the  following  experiment.  He  placed  a 
great  distance.  Small  boats,  in  its  course,  rain-gauge  on  the  square  part  of  the  roof  of 
were  broken  to  pieces  and  sunk.  In  passing  Westminster  Abbey,  another  on  the  top  of  a 
through  the  city,  it  laid  in  ruins  every  thing  in  neighbouring  house,  considerably  lower  than 
its  way ;  houses  were  levelled  with  the  ground,  the  first,  and  another  on  the  ground,  in  an  ad- 
the  roofs  of  churches  were  demolished  ;  not  joining  garden.  The  rain  collected  in  each 
one  steeple  was  left  in  its  passage,  and  the  was  as  follows : — top  of  Westminster  Abbey, 
bells,  together  with  the  spires,  were  carried  to  twelve  inches ;  top  of  the  house,  eighteen 
a  distance.  In  this  awful  catastrophe,  the  inches;  and  on  the  ground,  twenty-two  inches  ; 
number  of  human  beings  killed  and  wounded  so  that  more  rain  was  collected  in  the  lower 
amounted  to  nearly  two  hundred.  Thus  it  than  in  the  upper  rain-gauge.  The  proper- 
appears  that,  while  clouds  serve  occasionally  tions  of  rain  vary  in  different  months  of  the 
as  so  many  screens  to  abate  the  heat  of  the  year.  In  summer,  we  have  not  so  many  rainy 
sun  in  warm  countries,  and  form  depositories  days  as  in  winter  ;  but  the  showers  are  then 
of  rains,  which  water  and  fertilize  the  earth,  heavier,  the  streams  of  rain  closer  together, 
they  are  also  sometimes  used  in  the  hands  of  and  the  quantity  which  falls  is  greater  than 
the  Almighty  as  instruments  for  the  infliction  during  any  other  season.  Dr.  Dalton  states 
of  his  judgments  upon  the  nations ;  for  the  that  the  first  six  months  of  the  year  may  bo 
clouds  are  his  chariots,  the  thunder  his  voice,  regarded  as  dry,  and  the  last  six  as  wet  months, 
and  he  *'  walketh  upon  the  wings  of  the  wind."  From  certain  long-continued  observations,  it 
3.  Rain.— -We  have  already  stated  that  has  been  inferred  that,  in  spring,  it  rains 
the  waters  of  the  earth,  by  evaporation,  yield  oftener  in  the  evening  than  in  the  morning ; 
a  certain  quantity  of  moisture  to  the  air,  but  that  towards  the  end  of  the  summer, 
which,  being  condensed,  assumes  the  form  of  oftener  in  the  morning  than  in  the  evening ; 
clouds,  floating  at  different  distances  above  us  and  that  storms  at  this  time  are  apt  to  occur 
in  the  atmosphere.  Whatever  suddenly  dis-  a  little  after  sunrise.  In  the  progression  of 
turbs  the  heat  or  density  of  the  air,  or  the  the  season,  rain  falls  at  all  times  during  the 
electricity  of  the  clouds,  occasions  the  particles  twenty-four  hours,  but  it  has  been  ascertained 
of  vapour  to  rush  together,  and  form  drops  of  that  much  less  falls  by  day  than  by  night.* 
water  too  heavy  to  continue  suspended  in  the  ^  ^^  .^  ^^.^^  ^^^^  ^^  ^^^  ^^^^  ^^  O^^^t,^^^  1827^ 
Atmosphere;  they  fall  in  the  shape  of  ram,  there  fell,  at  Joyeus,  in  France,  twenty-nine  incheis 
146  a075) 
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The  annual  quantity  of  rain  is  greatest  in 
tropical  countries,  and  diminishes  as  we  ap- 
proach the  pole,  owing  to  the  greater  evapo- 
rative qualities  of  the  atmosphere  in  warm 
than  in  cold  countries.  Within  the  tropic, 
rain  is  not  of  the  drizzling  character  of  rain 
in  the  temperate  zone,  hut  generally  falls  in 
such  torrents  as  in  other  zones  would  he  called 
waterspouts,  and  they  produce  greater  floods  in 
a  single  day  than  in  Europe  in  six  days. 
Winter  is  distinguished  from  summer  chiefly 
by  the  quantity  of  rain,  which,  for  six  months, 
is  often  constant  for  many  days  together,  and 
lasts  a  number  of  hours  per  day.  The  rivers, 
in  consequence,  overflow,  and  in  many  coun- 
tries produce  inundations,  which  intercept  all 
communications  between  neighbouring  towns 
and  villages.  The  mean  quantity  of  rain 
which  falls  annually  in  England  is  thirty-two 
inches.  In  the  western  parts  of  Scotland,  the 
depth  is  from  thirty  to  thirty-five  inches  ;  in 
the  eastern  parts,  from  twenty-four  to  twenty- 
eight  inches.  At  Edinburgh,  it  is  twenty -four 
inches  and  a  half;  and  in  London,  twenty-two 
and  one-fifth.  There  is  more  rain  in  the 
western  parts  of  Britain  than  in  the  eastern, 
because  these  parts  receive  the  first  clouds  as 
they  are  brought  from  the  Atlantic  by  the 
westerly  winds.  In  the  West  Indies,  one 
hundred  and  twenty  inches  fall  annually  ;  and 
in  the  East  Indies,  from  eighty  to  one  hundred 
inches.  At  Bombay,  eighty-two  inches,  and 
at  Calcutta,  eighty-one  inches  fall  annually. 

When  mountain-ranges,  and  other  distant 
objects,  appear  nearer  to  us  than  usual — when 
sounds  are  heard  more  clearly  from  a  distance 
— when  the  odour  of  plants  is  more  than 
usually  powerful,  rain  may  be  soon  expected. 
Ducks,  geese,  and  other  water-fowls,  before 
the  approach  of  rain,  may  be  seen  to  throw 
water,  with  their  bills,  over  their  heads.  Cat- 
tle may  likewise  be  seen  stretching  out  their 
necks,  and  snuffing  in  the  air  with  distended 
nostrils.  Dogs,  closely  confined  in  a  room, 
become  drowsy  and  stupid  before  rain  ;  the 
same  is  observed  in  cats,  though  in  a  less  de- 
gree ;  horses  neigh  frequently  ;  cattle  low ; 
the  fallow-deer  become  restless  ;  and  swallows 
fly  in  a  low  course.  Delicate  persons  are 
often  affected  before  rain,  with  headaches, 
pains  in  old  sores  which  have  healed,  irrita- 
bility of  temper,  the  aching  of  corns,  and  ex- 
cessive nervousness.  Several  flowers  and 
plants  are  prognosticators  of  rain.  When  the 
flower  of  thechickweed  closes,  showery  wea- 
ther or  continued  rain  may  be  expected.  The 
trefoil,  the  convolvulus,  and  other  plants,  con- 
tract their  leaves  before  the  approach  of  rain. 
When  the  moon  is  of  a  pure  silvery  colour, 

of  rain  in  iw<?nty-tv/o  hours;  and,  in  eleven  days, 
tiiirty-six  inches;  which  is  double  that  at  Paris 
during  the  year. 
(1076) 


good  weather  is  indicated  ;  but  when  it  has  a 
brownish  tint,  rain  may  be  expected.  When 
stars  are  surrounded  with  coloured  halos,  the 
approach  of  rain  is  indicated. 

In  the  present  constitution  of  our  globep 
rain — though  sometimes  attended  with  a  few 
inconveniences — is  essential  for  promoting  the 
enjoyments  both  of  man  and  beast.  It  moist- 
ens and  softens  the  earth,  and  prepares  it 
for  being  cultivated,  and  for  affording  nourish- 
ment to  the  vegetable  tribes,  which  both  ailorn 
the  landscape  of  the  world,  and  aflc)rd  nourish- 
ment to  the  human  race  and  to  every  species 
of  animated  existence.  By  falling  on  high 
mountains,  it  carries  down  with  it  many  par- 
ticles of  loose  earth,  which  serve  to  fertilize 
the  surrounding  valleys,  and  purifies  the  ai? 
from  noxious  exhalations,  which  tend,  in  theii 
return  to  the  earth,  to  meliorate  the  soil.  It 
moderates  the  heat  of  the  air,  and  forms  one 
of  the  sources  whence  fountains  and  rivers 
are  supplied.  Without  the  influence  of  rain, 
trees,  shrubs,  and  flowers  would  soon  wither, 
sicken,  and  die,  and  every  land  be  then  turned 
into  a  barren  wilderness.  But  when  the 
clouds,  at  seasonable  periods,  pour  down  their 
watery  treasures,  all  sublunary  nature  is  in- 
vigorated and  refreshed,  and  the  vegetable  pro° 
ductions  of  the  soil  are  made  verdant  and 
flourishing,  and  adorn  the  surface  of  the  earth 
with  their  gay  attire  and  diversity  of  colours. 
In  the  language  of  the  Psalmist,  "  The  little 
hills  rejoiced  on  every  side.  The  pastures  are 
clothed  with  flocks ;  the  valleys  also  are  covered 
over  with  corn  ;  they  shout  for  joy,  they  also 
sing."  He  who  at  first  formed  the  earth  for 
man,  "  watereth  the  ridges  thereof  abundant- 
ly," maketh  it  "  soft  with  showers,"  blesseth 
"  the  springing  thereof,"  and  crowneth  the 
year  with  his  goodness.  It  is  represented  by 
the  inspired  writers  as  the  peculiar  preroga- 
tive of  Jehovah  to  send  rain  upon  the  earth  : 
"  Are  there  any  among  the  vanities  of  the 
Gentiles  that  can  cause  rain '?  or  can  the  hea- 
vens give  showers  1  Art  not  thou  He,  0 
Lord  our  God  1 — for  thou  hast  made  all  these 
things."  The  effects  produced  by  the  want 
of  rain  are  emphatically  described  by  these 
writers  :  "  Thy  heaven  that  is  over  thee  is  as 
brass,  and  the  earth  that  is  under  thee  as 
iron."  "  The  field  is  wasted,  the  land  mourn- 
eth  ;  for  the   corn  is  wasted  .     .  Be  ye 

ashamed,  O  ye  husbandmen  ;  howl,  0  ye  vine- 
dressers, for  the  wheat  and  for  the  barley ;  be- 
cause the  harvest  of  the  field  is  perished.  The 
vine  is  dried  up,  and  the  fig-tree  languisheth  ; 
the  pomegranate-tree,  the  palm-tree  also,  and 
the  apple-tree,  even  all  the  trees  of  the  field, 
are  withered.  .  .  .  How  do  the  beasts 
groan  !  The  herds  of  cattle  are  perplexed, 
because  they  have  no  pasture  ;  yea,  the  flocks 
of  sheep    are   made    desolate ;    .    .    for   the 
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nvcrs  of  waters  are  dried  up,  and  the  fire 
hath  devoured  the  pastures  of  the  wilderness." 
Joeli.  10—12,  18,  20. 

4-.  S?ww. — Snow  consists  of  such  vapours 
as  are  frozen  while  the  particles  are  small.  It 
differs  from  hail  and  hoar-frost,  in  being  crys- 
tallized, which  they  are  not.  When  a  flake 
of  snow  is  examined  by  a  rnagnifying-glass, 
the  whole  of  it  will  appear  to  be  composed  of 
fine  shining  spicula,  diverging  like  rays  from  a 
centre.  As  the  flakes  fall  down  through  the 
atmosphere,  they  are  continually  joined  by 
more  of  these  radiated  spicula,  and  thus  in- 
crease in  bulk,  like  the  drops  of  rain  or  hail- 
stones. Many  of  the  ilakes  of  snow  are  of  a 
regular  figure,  for  the  most  part  stars  of  six 
points,  and  are  as  perfect  and  transparent  ice 
as  any  we  see  on  a  pond  or  river.  Their 
forms  present  an  almost  endless  variety,  are 
often  very  regular  and  beautiful,  and  reflect, 
with  exceeding  splendour,  the  rays  of  the  sun. 
When  they  are  very  large,  they  are  said  to  in- 
dicate the  approach  of  thunder.  The  diffe- 
rent forms  which  the  flakes  of  snow  exhibit, 
when  viewed  through  microscopes,  are  repre- 
sented in  figure  6.     These  crystals  of  snow 


are  from  one-third  to  one  thirty-fifth  of  an 
inch  in  diameter,  in  their  natural  size.  Ex- 
periments have  been  made,  which  prove  that 
snow  is  twenty-four  times  lighter  than  water, 
and  that  it  fills  up  ten  or  twelve  times  more 
space  at  the  moment  of  falling,  than  the 
water  produced  from  it,  when  melted.  It  is 
worthy  of  remark,  that  previous  to  the  fall  of 
snow,  and  during  its  continuance,  the  tempera- 
ttsre   continues  at  about  32   degrees.      The 


lightness  of  snow,  although  it  is  firm  ice,  is 
owing  to  the  excess  of  its  surface  in  compari- 
son to  the  matter  contained  under  it.  Its 
whiteness  is  owing  to  the  small  particles  into 
which  it  is  divided  ;  for  ice,  when  pounded, 
will  become  equally  white. 

Snow  is  frequently  formed  in  the  lower  re- 
gions of  the  atmosphere.  A  very  cold  stream 
of  air  admitted  into  a  room  in  which  the  con- 
tained air  is  much  warmer,  and  loaded  with 
watery  particles,  will  occasion  its  formation. 
In  the  huts  of  those  who  inhabit  the  arctic  re- 
gions, snow  is  frequently  formed  in  this  man- 
ner. Dr.  Robertson  states  that,  in  a  crowded 
assembly-room  in  St.  Petersburg,  a  stream  of 
cold  air  was  accidentally  admitted  into  the 
room  by  a  gentleman  breaking  a  pane  of 
glass,  on  which  the  vapour  in  the  air  was  im- 
mediately congealed,  and  fell  in  the  form  of 
snow-flakes.  In  Siberia,  Nova  Zembla,  and 
other  northern  regions,  the  same  phenomenon 
frequently  happens.  Snow  occurs  in  all  re- 
gions of  the  globe  at  a  certain  height  above 
the  level  of  the  sea,  but  it  falls  more  abun- 
dantly on  plains  as  we  proceed  from  the 
equator  to  the  poles.  In  the  arctic  regions, 
snow  falls  nine  days  out  of  ten  in  the  months 
of  April,  May,  and  June,  and  often  to  a  depth 
of  two  or  three  inches  in  an  hour.  Among 
the  mountains  of  Germany,  Italy,  and  Swit- 
zerland, snow  is  sometimes  accumulated  to 
such  an  extent  as  to  produce  the  most  terrific 
and  destructive  effects,  as  in  the  case  of  the 
rolling  avalanche.  An  avalanche  is  a  moun- 
tain-mass of  ice,  or  frozen  snow,  which  is 
sometimes  loosened  from  its  base,  and  de- 
scends from  the  mountains  with  a  force  so 
terrible,  that  it  crushes  the  traveller  beneath 
its  power,  and  buries  hamlets  and  villages  in 
a  common  grave.  In  the  year  1749,  the 
whole  village  of  Rucras,  in  the  canton  of  Gri- 
sons,  in  Switzerland,  was  covered,  and,  at  the 
same  time,  removed  from  its  site,  by  an  ava- 
lanche of  this  description.  But  this  change, 
which  happened  in  the  night-time,  was  effected 
without  the  least  noise ;  so  that  the  inhabit- 
ants were  not  aware  of  it ;  and,  on  awakening 
in  the  morning,  could  not  imagine  why  day- 
light did  not  dawn.  A  hundred  persons  were 
dug  out  of  the  snow,  sixty  of  whom  were  still 
alive,  the  interstices  between  the  snow  con- 
taining sufficient  air  to  support  life.  Not 
many  years  ago,  an  instance  occurred  of  a 
family  buried  under  one  of  these  avalanches, 
and  who  continued  in  that  situation  for  above 
a  fortnight,  remaining  all  that  time  in  utter 
darkness,  and  incrusted  in  a  body  of  snow 
several  hundred  feet  in  thickness.  A  massy 
beam  supported  the  roof  against  this  enormous 
pressure ;  and  a  milch  ass,  that  happened  to 
be  thus  incarcerated  with  the  people,  furnished 
sufficient  nourishment  for  the  support  of  life, 
4  Y  (1077) 
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till  tney  were,  at  length,  restored  to  the  light  flat,  and  ragged,  and  many  of  them  measarmg 

of  day.  nine  inches  in  circumference.     They  appeared 

The   great   Dispenser  of  universal  bounty  like  fragments  of  a  %'ast  plate  of  ice,  broken 

has  so  ordered  it,  that  snow  is  eminenlly  sub-  into  small  masses,  by  its  descent  towards  the 

servient,  as  well  as  all  his  other  works,  to  his  earth. 

benevolent  designs.  As  the  winter  cold  is  The  phenomena  attending  the  formation 
much  more  hurtful  to  vegetables  than  to  ani-  and  fall  of  hail  are  but  imperfectly  under- 
mals,  the  plants  would  perish,  if  their  roots  stood,  though  it  is  certain  they  are  conne-cted 
were  not  preserved  by  some  covering,  God  with  electricity,  and  hence,  the  frequent  oc- 
has,  therefore,  ordained  that  the  rain^  which  currence  of  hail-showers  daring  violent  storms 
in  summer  cools  and  revives  the  plants,  should,  of  thunder  and  lightning.  They  occur  prin- 
in  winter,  fall  in  the  form  of  a  soft  wool  to  cipally  in  the  temperate  regions  of  the  globe^ 
cover  the  vegetables,  and  to  guard  them  from  less  frequently  between  the  tropics,  and  are 
the  inclemency  of  frosts  and  winds.  It  pre-  almost  unknown  in  the  frigid  zones.  They 
vents  the  internal  heat  of  the  earth  from  are,  also,  more  frequent  in  summer  than  in 
escaping,  and  forms  a  safe  covering  to  the  winter.  ■  In  the  south  of  France,  and  the  ad- 
tender  herb,  till  the  winter  cold  has  abated  jacent  countries,  much  damage  has  been  pro- 
under  the  influence  of  the  genial  spring,  duced   by    the    ravages    of  hail-storms.     To 

5.  Hail — Hail,  which  is  a  more  compact  avert  such  ravages,  hail-rods  have  lately  been 

mass  of  frozen  water  than  snow,  is  formed  by  erected  on  the  same   principle  as   lightning- 

the  congelation  of  vapour  in  the  higher  regions  rods.     They  consist  of  lofty  poles  tipped  with 

of  the  atiTiOsphcre.     The  drops  of  hail  assume  metallic  wires  communicating  with  the  earth* 

various   figures,    f)eing   sometimes   round,   at  By  thus  subtracting  the  superabundant  elec- 

other  times  pyramidal,  angular,  thin,  and  flat,  tricity  of  the  clouds,    it  is    supposed  that  the 

and  sometimes  stellated   with  six  radii,  like  formation  of  kail  might  be  prevented.     It  has 

the  small  crystals  of  snow.     When  hailstones  been  estimated  by  the  "  Linna^an  Society  of 

are  broken  open,  or  cut  across,  they  are  some-  Paris,"   from  numerous  experiments  made  in 

times  found  within   to  be   o^  a  spongy  struc-  di0erent    districts,    that    "  if  these    hail-rods 

ture;  sometimes  the  interior  presents  a  very  were  established  through  the  whole  of  France;, 

beautiful  radiated  appearance,  and  not  unfre-  it    would   occasion   an   annual   saving  to  the 

quentiy  exhibits  regular  and  very  remarkable  revenue  oi  Jifty  millions  of   francs."     It  is 

concentric   plates.     They   are   often   of  con-  also  stated  that,  in  many  districts  which  were 

siderable  dimensions.     They  vary  in  size  from  formerly  year  after  year   devastated   by  hail, 

that  of  a  small  seed,  to  that  of  a  boy's  marble;  the  instrument  has  been   adopted   with  com- 

and,  in  some  instances  they  have  been  found  plete  success,  while,  in  neighbouring  districts, 

as  large  as  the  eggs  of  a  goose ;  the  small  not  protected  by  hail-rods,  the  crops  have  been 

generally   failing  in    the   more   northerly  cli-  damaged  as  usual. 

mates,  and  on  the  tops  of  mountains,  and  the        6.  Dew. — Dew  is  vapour  condensed  into 

larger  in  France,  Spain,  Italy,  and  other  coun-  visible  drops.     It  begins  to  be  deposited  about 

tries  towards  the  south  of  Europe.   Hailstones  sunset,   and  is  most  abundant  in  valleys  and 

have  fallen   in    Scotland,  which   have  been  plains   near   rivers    and  other   collections  oi 

proved    to   weigh    fi\'e    ounces.      In    North  water,   and  abounds   on   those  parts  of  the 

America  they   have   sometimes   been  picked  surface   which  are  clothed  with    vegetation. 

up  weighing  fifteen  ounces ;  and  on  October  In  England,    the  dew  is   observed,   like  the 

5th,   1831,  one  fell  at  Constantinople  which  drops  of  drizzhng  rain,   upon    the  leaves   oi 

weighed  more  than  a  pound  I     The  average  grass  and  other  vegetables,  upon  wood,  glass^ 

velocity  with  which  they  fall,  has  been  esti-  porcelain,    etc.,  or  upon  the  earth,  which  is 

mated   at  seventy  feet  per  second,  or  at  the  thereby  rendered  sensibly  moist.    It  falls  more 

rate  of  fifty  miles  an  hour;  and  consequently,  copiously  in  spring  and  summer  than  at  any 

their  great  momentum,  arising  from  this  ve-  other  times  of  the  year.     In  countries  situated 

locity,  frequently  renders  them  very  destruc-  near  the  equator,   the  dews  are  generally  ob- 

tive,  particularly  in  hot  climates.     They  beat  served  in  the  morning  throughout  the  year ; 

down   the   crops,  strip  trees  of  their   leaves,  and  in  some  places   in  the  east,   where  rain 

fruits,  and  branches,  and  sometimes  kill  even  seldom  falls,  they  are  so  copious,  as,  in  a  great 

large  beasts  and  men,     A  few  years  ago,  a  measure,   to   supply    its   deficiency.     During 

tremendous   storm   happened    in    Gloucester-  the  heat  of  the  day,  a  great  quantity  of  vapour 

shire,  accompanied  with   a   most  remarkable  is  thrown  into  the  atmosphere  from  the  surface 

hail-shower.     The  masses  of  ice  which  fell  in  of  the  earth  and  waters.     When  the  evening 

places  where    the   storm   most  fiercely  raged,  returns,  if  the  vapour  has  not  been  carried  off 

bore  no  resemblance  to  the  usual  state  of  hail-  by  currents,  it  will  happen  that  more  remains 

stones  in  magnitude  or  formation,  most  of  diifused  in   the    general  atmosphere  than  the 

them  being  of  a  very  irregular  shape,  broad,  temperature  of  the  night  will  permit  to  subsist;, 
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A  decomposition  of  the  aqueous  atmosphere  ture,  by  which  plants  are  protected  from  the 
then  commences,  and  is  continued  till  the  ge-  severity  of  a  freezing  cold  atmosphere.  Fogs 
neral  temperature  and  aqueous  pressure  arrive  are  clouds  which  float  on  the  surface  of  the 
at  an  equilibrium,  or  till  the  returning  sun  earth;  and  clouds  are  fogs  in  the  higher  re- 
puts  an  end  to  the  process.  gions  of  the  atmosphere.  From  many  elevated 
Hoar-frost,  which  appears  like  a  powdery  places  they  may  be  seen  moving  in  the  valleys, 
crystallization  on  trees  and  herbage,  is  only  and  from  the  valleys  they  may  frequently  be 
frozen  dew.  The  conversion  of  dew  into  seen  creeping  along  the  sides  of  the  moun- 
hoar-frost  is  another  wise  arrangement  of  Na-  tains. 


CHAPTER  H. 

Winds. 


1.  Winds  in  general. — Wind  is  the  mo-  fore,  instead  of  examining  theories  and  doubt« 
tion  of  a  body  of  air  flowing  from  one  place  ful  opinions  on  this  subject,  the  writer  will 
to  another.  The  earth  being  surrounded  by  confine  himself  to  the  statement  of  a  few  facts 
a  fine  invisible  fluid,  extending  several  miles  respecting  the  different  species  of  winds  as 
above  its  surface,  is  acted  upon  by  heat  and  they  are  found  to  operate  in  different  countries, 
cold  arising  from  different  causes.  This  ap-  2.  General,  or  permanent  winds. — Winds 
pears  to  be  the  general  cause  of  the  pheno-  are  commonly  divided  into  three  classes, 
mena  of  winds  ;  and,  according  to  the  force  namely,  general,  periodical,  and  variable  winds, 
or  velocity  with  which  the  masses  of  air  move,  General  winds  are  those  which  are  permanent, 
we  use  the  terms,  a  breeze,  a  gale,  a  storm,  a  and  blow  always  in  the  same  direction,  and 
tornado,  a  whirlwind,  a  hurricane,  &c.  When  have  received  the  name  of  trade-winds.  These 
a  fire  is  made  in  the  open  air,  the  rarefied  part  winds  prevail  chiefly  within  the  tropics,  and  a 
of  that  fluid  will  ascend  in  a  current,  and  the  few  degrees  beyond.  On  the  north  of  the 
cooler  and  denser  air  will  rush  in  on  all  sides,  equator,  their  direction  is  from  the  north-east, 
in  consequence  of  which  a  wind  is  generated,  varying  at  times  a  point  or  two  of  the  com- 
and  blows  constantly  towards  the  fire.  The  pass  each  way.  On  the  south  of  the  equator, 
wind  thus  produced  will  be  too  inconsiderable  they  proceed  from  the  south-east.  These 
to  be  perceived  at  any  great  distance,  but  the  winds  constantly  range  in  one  direction,  but 
rarefaction  vv^hich  arises  from  natural  causes  never  extend  further  than  30°  from  the  equi- 
may  be  such  as  to  agitate  our  atmo5[)here  suf-  noctial,  either  north  or  south.  In  the  Atlan- 
ficiently  to  produce  those  torrents  of  air  which  tic  and  Pacific  oceans,  under  the  equator, 
have  always  a  powerful  effect  in  nature,  and  the  wind  is  almost  always  easterly  ;  more  to 
which  sometimes  overwhelm  and  destroy  the  the  northward,  it  generally  blows  between  the 
fairest  and  most  superb  productions  of  human  north  and  east;  and,  more  to  the  south-ward 
art.  Among  the  causes  which  produce  this  of  the  equator,  it  blows  between  the  south 
rarefaction  of  the  atmosphere,  and  generate  and  east.  The  origin  of  these  winds  appears 
wind,  the  heat  of  the  sun  is  not  the  least  pow-  to  be  as  follows: — the  powerful  heat  of  the 
erfuL  When  the  solar  rays,  by  their  reflection  torrid  zone  rarefies  the  air  of  that  region  ;  in 
from  the  earth's  surface,  have  heated  or  rare-  consequence  of  this  rarefaction,  the  air  rises, 
fied  a  portion  of  the  surrounding  air,  the  air  and,  to  supply  its  place,  a  colder  body  of  air 
so  rarefied  ascends  into  the  higher  regions  of  from  each  of  the  temperate  zones  moves 
the  atmosphere,  and  the  colder  air,  by  which  towards  the  equator.  But  these  north  and 
it  was  surrounded,  moves  forward  in  a  sensible  south  winds  pass  from  regions  where  the  re- 
current to  fill  the  vacuity.  Likewise,  when  tatory  motion  of  the  earth's  surface  is  less  to 
a  condensation  of  vapour  in  the  atmosphere  those  where  it  is  greater.  Unable  at  once  to 
suddenly  takes  place,  giving  rise  to  clouds  acquire  this  new  velocity,  they  are  left  behind; 
which  speedily  dissolve  in  rain,  the  tempera-  and,  instead  of  being  north  and  south  winds, 
ture  of  the  surrounding  air  is  sensibly  altered,  as  they  would  be  if  the  earth's  surface  did  not 
and  the  colder  rushing  in  upon  the  warmer,  turn  round,  they  become  north-east  and  south- 
gives  rise  to   a  sudden  gust  of  wind.     In  re-  east  winds. 

gard  to  the  particular  causes  which  produce  3.  Periodical  winds,  or  monsoons. — Those 
the  various  winds  which  prevail  in  different  winds,  which  blow  in  a  certain  direction  fot  a 
regions  of  the  globe,  different  opinions  have  time,  and,  at  certain  stated  seasons,  change, 
been  entertained  by  philosophers.    And,  there-   and  blow  for  an  vequal  space  of  time  from  the 
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opposite  point  of  the  compass,  are  called  mon- 
soons. During  the  months  of  April,  May, 
June,  July,  August,  and  September,  the  wind 
blows  from  the  southward  or  south-eastward 
over  the  whole  length  of  the  Indian  ocean, 
namely,  between  the  parallels  of  28°  north, 
and  28°  south  latitude,  and  between  the 
eastern  coast  of  Africa,  and  the  meridian  that 
passes  through  the  western  part  of  Japan  ; 
but,  in  the  other  months,  October,  November, 
December,  January,  February,  and  March, 
the  winds  in  all  the  parts  of  the  Indian  ocean 
»hift  round,  and  blow  directly  contrary  to  the 
course  they  held  in  the  former  six  months. 
These  winds  suffer  partial  changes  in  particu- 
lar places  owing  to  the  form  and  position  of 
the  lands,  and  other  circumstances.  When 
they  shift,  or  when  the  south-west  monsoon 
is  about  to  commence,  it  is  ushered  in  by 
vast  masses  of  clouds  from  the  Indian  ocean, 
accompanied  with  violent  blasts  of  wind,  which 
are  succeeded  by  floods  of  rain,  during  which, 
the  lightnings  flash  without  intermission,  and 
the  thunders  roll  with  loud  and  deafening 
peals  ;  and,  when  it  ceases,  the  rain  pours 
down  in  volumes.  This  terrific  commotion  of 
the  elements  lasts  for  many  days. 

4.  Land  and  sea-breezes. — These  are  ano- 
ther kind  of  periodical  winds  which  are  com- 
mon on  the  coasts  and  islands  situated  between 
the  tropics.  During  the  day,  the  wind  blows 
for  a  certain  number  of  hours  from  the  sea  to 
the  land  ;  but,  when  evening  arrives,  it  changes 
its  direction,  and  blows  as  many  hours  from 
the  land  to  the  sea.  The  cause  of  these  alter- 
ations, appears  to  be  as  follows  ; — ^water,  being 
a  better  conductor  of  heat  than  earth,  is  al- 
ways of  a  more  even  temperature.  During 
the  day,  therefore,  the  land  becomes  conside- 
rably heated,  the  air  rarefied,  and  consequent- 
in  the  afternoon,  a  breeze  sets  in  from  the 
sea,  which  is  less  heated  at  that  time  than  the 
land.  On  the  other  hand,  during  the  night, 
the  earth  loses  its  surplus  heat,  while  the  sea 
continues  more  even  in  its  temperature.  To- 
wards morning,  therefore,  a  breeze  regularly 
proceeds  from  the  land  towards  the  ocean, 
where  the  air  is  warmer,  and,  consequently, 
more  rarefied  than  on  the  shore. 

5.  Vainable  winds. — In  most  countries  to 
the  north  and  south  of  the  tropics,  the  winds 
are  very  irregular  and  uncertain,  and  vary  in 
their  direction  at  certain  seasons  of  the  year. 
In  Germany,  the  east  wind  is  most  frequent 
at  Gottingen,  Munich,  Weissemburg,  Dussel- 
dorf,  Erford,  and  Buda  ;  the  south-east,  at 
Prague  and  Wirtzburgh  ;  the  north-east,  at 
Ratisbone  ;  and  the  west,  at  Manheim  and 
Berlin.  Along  the  whole  south-west  of 
France,  the  wind  blows  most  frequently  from 
the  north,  north-west,  and  north-east ;  on  the 
west  coast,  from  the   west,  -north-westj  and 
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south  ;  and,  on  the  north  coast,  from  the 
south-west.  In  Great  Britain,  the  north-east 
and  south-west  winds  more  frequently  prevail, 
along  with  occasional  north-west  and  south- 
east winds.  From  ten  years'  registers  kept 
by  the  Royal  Society,  it  appears  that,  in  Lon- 
don, the  winds  blow  in  the  following  order  i 
from  the  south-west,  112  days;  north-east, 
58  :  north-west,  50  ;  west,  53  ;  south-east, 
32;  east,  26;  south,  18;  north,  16.  From 
the  same  register,  it  appears  that  the  south- 
west wind  blows  at  an  average  more  frequently 
than  any  other  wind  during  every  month  of 
the  year  ;  that  the  north-east  blows  most  cou" 
stantly  during  January,  March,  April,  May, 
and  June,  and  that  the  north-west  wind  blows 
oftener  from  November  to  March,  and  more 
seldom  during  September  and  October,  than 
any  other  months.  In  Scotland,  the  south- 
west is  by  far  the  most  frequent  wind  over  all 
the  country,  especially  on  the  west  coast.  At 
Edinburgh,  the  westerly  winds  have  been 
found  to  blow  230  days,  and  the  easterly  135. 
At  Saltcoats,  in  Ayrshire,  the  south-west  wind 
blows  three-fourths  of  the  year,  and  along  the 
whole  coast  of  Moray,  on  the  north-east  side 
of  Scotland,  it  blows  for  two-thirds  of  the  year. 
East  winds  are  common  over  all  Britain,  dur- 
ing April  and  May,  but  their  influence  is  felt 
most  severely  on  the  eastern  coast. 

In  our  northern  region,  winds  seldom  excite 
much  alarm,  nor  are  they  often  attended  with 
the  disastrous  results  which  are  frequent  in 
the  tropical  regions.  It  has,  however,  some- 
times happened,  even  in  England,  that  winds 
have  produced  the  most  appalling  and  de- 
structive effects.  In  the  great  storm  which 
happened  on  the  27th  of  December,  1703, 
the  extraordinary  power  of  the  wind  created  a 
noise  hoarse  and  dreadful,  like  thunder,  which 
appalled  every  heart.  Horror  and  confusion 
seized  upon  all,  whether  on  land  or  at  sea. 
One  hundred  and  twenty-three  persons  were 
killed  by  the  falling  of  dwellings,  among  whom 
were  the  bishop  of  Bath  and  his  lady,  by  the 
fall  of  the  episcopal  palace.  Eight  thousand 
perished  in  the  Severn  and  the  Thames,  and 
in  ships  blown  away,  and  never  heard  of  af- 
terwards. Land,  houses,  churches,  corn,  trees, 
rivers — all  were  damaged  by  its  fury.  Small 
buildings  were  swept  away  as  chaff  before  the 
whirlwind  ;  above  800  dwelling-houses  were 
laid  in  ruins  ;  2000  stacks  of  chimneys  were 
blown  down  in  London  ;  15,000  sheep  were 
destroyed  on  the  banks  of  the  Severn,  and 
20,000  in  the  county  of  Kent;  300  ships,  500 
wherries,  300  shipboats,  and  100  lighters  and 
barges,  were  entirely  lost.  The  Eddystone 
Lighthouse  was  precipitated  in  the  surround- 
ing ocean,  along  with  its  ingenious  architect 
and  those  that  were  with  him.  The  damage 
done  in   the   city  of  London   alone,  by  this 
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storm,  was  computed  at  above  two  millions  of  the  inside  of  the  windows,  and  the  servants 
pounds  sterUng  !  Such  are  some  of  the  are  kept  continual!}^  employed  in  sprinkling 
dreadful  effects  of  that  invisible  fluid  which  the  apartments  with  water,  and  the  streets 
surrounds  us,  when  put  in  rapid  motion  by  and  avenues  of  the  city  appear  at  such  times 
the  force  of  currents.  Light  as  its  particles  to  he  nearly  deserted.  This  wind  is  frequently 
seem  to  he,  no  human  wisdom  or  power  can,  felt  in  Greece,  Italy,  the  Levant,  and  other 
in  such  cases,  avert  its  force,  or  withstand  its  parts  of  southern  Europe;  it  is  occasioned  by 
dreadful  and  destructive  agency,  in  allusion  to  currents  of  heated  air  from  the  deserts  of  Za- 
which  the  Almighty  is  represented  as  riding  hara  in  Africa  ;  but  happily  it  is  not  of  long 
"  on  the  wings  of  the  wind,"  and  directing  continuance.  In  Sicily,  it  seldom  lasts  longer 
"  the  whirlwind  and  the  storm."  than  thirty-six  or  forty  hours. 

6.  Noxious  and  poisonous  winds. — These  The  samiel,  or  mortifying  wind,  is,  perhaps 
•winds  prevail  most  generally  in  southern  beyond  all  others,  dreadful  in  its  efii^cts.  '  It 
climes.  Of  these,  the  harmattan  is  a  very  generally  blows  on  the  southern  coasts  of  Ara- 
singular  wind,  which  blows  periodically  from  bia,  and  the  deserts  near  the  city  of  Bagdad; 
the  interior  parts  of  Africa  towards  the  Atlantic  and  is  supposed  to  have  been  the  pestilence  of 
ocean.  The  season  in  which  it  prevails  is,  the  ancients,  frequently  killing  all  those  who 
during  the  months  of  December,  January,  and  are  involved  in  its  passage.  What  its  malig- 
February.  It  comes  on  at  any  hour  of  the  nity  consists  in,  none  can  tell,  as  no  one  has 
day,  and  continues  five  or  six  days  ;  and  ever  survived  its  eiiects  to  give  information, 
there  are  generally  three  or  four  returns  of  it  It  has  been  said  that  it  frequently  assumes  a 
every  season.  This  wind  is  distinguished  by  visible  form,  and  darts  in  a  kind  of  bluish 
fog  or  haze,  and  extreme  dryness  ;  no  dew  vapour  along  the  surface  of  the  country.  The 
falls  during  its  continuance,  vegetables  wither,  natives  of  Persia  and  Arabia  talk  of  its  effects 
and  the  grass  becomes  dry  like  hay.  The  with  terror  ,  they  describe  it  as  under  the  con- 
dryness  is  so  extreme  that  the  covers  of  books,  duct  of  a  minister  of  vengeance,  who  governs 
though  closely  shut  up  in  a  trunk,  are  bent  as  its  terrors,  and  raises  or  depresses  it  as  he  thinks 
if  exposed  to  the  fire.  Household  furniture  proper.  The  camels,  either  by  instinct  or  ex- 
is  damaged,  jianeis  of  wainscots  split,  and  perience,  have  notice  of  its  approach,  and  are 
veneered  work  flies  to  pieces.  The  human  so  well  aware  of  it,  that  they  are  said  to  make 
body,  likewise,  feels  the  parching  effects  of  an  unusual  noise,  and  cover  their  noses  in  the 
the  harmattan  :  the  eyes,  nostrils,  lips,  and  sand.  It  blows  over  the  desert  in  the  months 
palate,  are  rendered  dry  and  uneasy  ;  the  lips  of  July  and  August,  and  rushes  with  violence 
and  nose  are  inflamed,  and  thero  is  a  trouble-  to  the  very  gate  of  Bagdad,  but  never  injures 
some  sensation  of  pricking  heat  on  the  skin,  any  person  in  the  city.  To  escape  its  eiiects, 
If  the  harmattan  continue,  the  scarf-skin  peels  travellers  throw  themselves  as  close  as  possible 
off,  first  from  the  hands  and  feet,  and  after-  to  the  ground,  and  wait  till  it  has  passed  by, 
wards  from  the  rest  of  the  body.  which  is  commonly  a  few  minutes.     As  soon 

The  sirocco  is  a  wind  which  resembles,  in  as  they  who  have  life  dare  to  rise  up,  they  ex- 
some  of  its  effects,  the  harmattan.  It  some-  amine  how  it  fares  with  their  companions  by 
times  blows  for  several  days  together,  and  its  pulling  at  their  arms  or  legs  ;  for,  if  they  are 
medium  heat  is  calculated  at  112°  ;  it  is  fatal  destroyed  by  the  wind,  their  limbs  are  abso- 
to  vegetation,  and  destructive  to  mankind,  es-  lutely  mortified,  and  will  come  asunder.  An 
pecially  to  those  who  are  not  natives  of  the  extraordinary  blasting  wind  is  felt  occasionally 
country  ;  it  depresses  the  spirits  in  an  unusual  at  Falkland's  Islands,  but  it  seldom  continues 
degree  ;  it  suspends  the  power  of  digestion  in  above  twenty-four  hours.  It  cuts  the  herbage 
such  a  manner,  that  those  who  venture  to  eat  down  as  if  fires  had  been  made  under  it,  so 
a  heavy  supper  generally  die  during  the  night,  that  the  leaves  are  parched  up  and  crumbled 
The  sick  frequently  sink  under  the  pressure  into  dust.  Fowls  are  seized  with  cramp,  so 
of  their  diseases,  so  that  it  is  customary,  in  as  never  to  recover;  and  men  are  oppressed 
the  morning  after  this  wind  has  continued  a  with  a  stopped  perspiration,  heaviness  at  the 
whole  night,  to  inquire  who  is  dead.     During  breast,  and  sore  throats. 

the  continuance  of  this  wind,  all  nature  ap-  The  simoon  is  a  hot  wind  which  prevails  in 
pears  to  languish,  vegetation  withers  and  dies,  Egypt,  Arabia,  Syria,  and  the  adjacent  coun- 
the  beasts  of  the  field  droop  ;  the  animal  spi-  tries.  When  it  begins  to  blow  in  Arabia,  the 
fits  are  too  much  exhausted  to  admit  of  the  atmosphere  assumes  an  alarming  aspect.  The 
least  bodily  exertion,  and  the  spring  and  elas-  sky  becomes  dark  and  heavy,  the  sun  loses  his 
ticity  of  the  air  appear  to  be  lost.  In  the  city  splendour,  and  becomes  of  a.  violet  colour,  and 
of  Palermo,  in  Sicily,  where  it  frequently  pre-  the  air  is  thick  from  the  subtle  dust  with 
vails,  the  inhabitants  shut  their  doors  and  which  it  is  loaded.  At  first,  the  wind  is  light 
windows  to  exclude  the  air ;  where  there  are  and  rapid,  and  not  remarkably  hot ;  its  tern- 
no  window-shutters,  wet  blankets  are  hung  on  perature,  however,  soon  increases,  till  it  ranges 
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at  upwards  of  128°.  When  it  occurs,  all  ani- 
mated bodies  discover  it  by  the  change  it  pro- 
duces in  them.  The  lungs  are  contracted  and 
become  painful,  respiration  is  short  and  diffi- 
cult, the  skin  parched  and  dry,  and  the  body 
consumed  by  an  internal  heat.  The  streets 
are  deserted,  and  the  dead  silence  of  night 
reigns  every  where.  The  inhabitants  of  towns 
and  villages  shut  themselves  up  in  their  houses 
and  those  of  the  desert  in  their  tents,  or  in 
wells  dug  in  the  earth,  where  they  wait  the 
termination  of  this  destructive  heat.  The 
only  refuge  travellers  have  from  it  is,  to  fall 
down  with  their  faces  close  to  the  ground,  and 
to  continue  as  long  as  possible  without  draw- 
ing in  their  breath.  Mr.  Bruce  thus  describes 
it,  in  his  journey  through  the  desert : — "  iVt 
eleven  o'clock,  while  we  contemplated  the  top 
of  Ohiggre,  where  we  were  to  solace  ourselves 
with  water,  Idris,  our  guide,  cried  out  with  a 
loud  voice,  <  Fall  upon  your  faces,  for  here  is 
the  simoon.'  I  saw  from  the  south-east  a  haze, 
In  colour  like  the  pur{)Ie  part  of  the  rainbow, 
which  did  not  occupy  twenty  yards  in  breadth, 
about  twelve  feet  from  the  ground,  and  it 
moved  very  rapidly,  for  I  could  scarce  turn  to 
fall  upon  the  ground,  with  my  head  to  the 
north,  when  I  felt  the  heat  of  its  current 
plainly  on  my  face.  We  all  lay  flat  on  the 
ground  as  if  dead,  till  Idris  told  us  it  was 
blown  over.  The  meteor  or  purple  haze 
which  I  saw  was  indeed  passed,  but  the  light 
air  which  still  blew  was  of  heat  to  threaten 
suffocation.  For  my  part,  I  found  distinctly 
in  my  breast  that  1  had  imbibed  a  part  of  it, 
nor  was  I  free  of  an  asthmatic  affection  till  I 
was  in  Italy  two  years  afterwards." 

Hurricanes  are  violent  tempests  of  wind, 
accompanied  vi^ilh  thunders  and  lightnings, 
rain,  or  hail.  These  fearful  concussions  of 
the  atmosphere  happen  most  frequently  in  the 
range  of  the  West  India  Islands,  and  about 
the  Cape  of  Good  Hope.  The  forerunner  of 
these  hurricanes,  when  first  seen,  is  only  like 
a  small  black  spot  on  the  verge  of  the  horizon, 
called  by  sailors  the  bull's  eye.  All  this  time 
a  perfect  calm  reigns  over  sea  and  land,  while 
at  length,  coming  to  the  place  where  its  fury 
is  to  fall,  it  invests  the  whole  horizon  with 
darkness.  During  its  approach,  a  hollow 
murmur  is  heard  in  the  cavities  of  the  moun- 
tains, and  animals,  sensible  of  its  approach, 
run  over  the  fields  to  seek  for  shelter.  Nothing 
can  be  more  terrible  than  its  violence  when 
it  begins.  The  sun,  which,  but  a  moment 
before,  blazed  in  meridian  splendour,  is  totally 
shut  out,  and  a  midnight  darkness  prevails, 
except  that  the  air  is  incessantly  illuminated 
with  gleams  of  lightning,  so  vivid  that  one 
can  see  to  read,  and  the  rain  pours  down  in 
torrents.  All  the  elements  seem  to  arm  them- 
selves for  the  destruction  of  human  labours, 
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and  even  of  the  scenes  of  nature  herself.  The 
velocity  of  the  wind  is  such,  that  corn,  vines, 
sugar-canes,  forests,  houses,  boats,  ships,  are 
swept  away,  or  buried  in  the  deep. 

A  tornado  is  a  sudden  and  violent  gust  of 
wind  from  all  points  of  the  compass.  It  par- 
takes somewhat  of  the  nature  of  a  hurricane, 
but  is  still  more  violent  in  its  effects.  The 
winds  seem  to  blow  from  every  quarter,  and 
settle  upon  one  destined  place,  with  such  fury 
that  nothing  can  resist  their  vehemence. 
When  they  have  met  in  their  central  spot, 
the  whirlwind  begins  with  circular  rapidity. 
The  sphere  every  moment  widens,  as  it  con- 
tinues to  turn,  and  catches  every  object  that 
lies  within  its  attraction.  The  mariner,  within 
the  reach  of  its  influence  at  sea,  must  try  all 
his  power  and  skill  to  avoid  it,  which,  if  he 
fail  of  doing,  there  is  the  greatest  danger  of 
his  going  to  the  bottom.  Tornadoes  most  fre- 
quently rage  along  the  coasts  of  Guinea,  and 
other  parts  of  western  Africa. 

Such  are  a  few  brief  sketches  of  the  pheno- 
mena of  noxious  and  stormy  winds.  It  is 
evident  that  they  did  not  exist  in  the  primitive 
state  of  our  globe  ;  for  the  operation  of  such 
agents  of  terror  and  destruction  appears  alto- 
gether inconsistent  with  the  idea  that  man  is 
at  present  in  a  paradisaical  state,  and  possessed 
of  that  innocence  and  moral  purity  in  which 
he  was  created.  It  appears  incompatible  with 
the  idea  of  an  Almighty  Intelligence,  pos- 
sessed of  boundless  benevolence,  that  innocent 
beings  should  be  so  frequently  subjected  to 
the  influence  of  such  dreadful  agents,  by 
which  they  are  swept  from  the  living  world 
in  a  manner  so  appalling  and  terrific.  Man 
is,  therefore,  a  creature  who  has  fallen  from 
his  primitive  state  of  integrity  ;  and  such  fear- 
ful agents,  and  many  others,  as  the  volcano 
and  the  earthquake,  are  so  many  proofs  and 
evidences  of  the  depravity  and  fallen  state  of 
the  human  race  ;  otherwise  they  would  not 
be  permitted  to  inhabit  a  world  where  so  many 
destructive  influences  are  in  operation.  An 
important  change  appears  to  have  taken  place 
in  the  constitution  of  the  atmosphere  at  the 
period  of  the  universal  deluge,  which  probably 
may  have  given  rise  to  many  of  the  physical 
evils  connected  with  this  part  of  our  terrestrial 
system  ;  which  may,  in  after  ages,  be  in  a 
great  measure  removed,  when  the  earth  shall 
be  cultivated  throughout  its  whole  extent,  and 
universal  peace  and  brotherhood  prevail  among 
all  nations.  Notwithstanding,  however,  the 
occasional  operation  of  these  destructive  agents 
to  which  v^e  allude,  the  arrangements  con- 
nected with  our  globe,  in  their  prominent 
bearings,  and  considered  as  a  whole,  evidently 
display  the  long-suffering,  the  tender  mercy, 
and  the  goodness  of  Jehovah,  and  should  lead 
us  to  humble  ourselves  in  his  presence,  under 
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a  firnse   of  our  manifold   deviations  from  the   down  houses,  etc.,  moves  at  the  rate  of  one 
path  of  his  commandments.  hundred  miles  an  hour. 

The  velocity  of  winds  varies,  from  the  Notwithstanding  the  occasional  ravages  ot 
gentlest  hreeze  of  an  imperceptible  movement,  winds,  they  produce  many  beneficial  eifects  in 
to  a  hundred  miles  an  hour.  Light  airs  may  the  system  of  nature.  They  serve  as  venti- 
be  considered  as  moving  at  the  rate  of  from  lators  for  purifying  the  atmosphere  ;  they  dispel 
one  to  three  miles  an  hour,  or  from  a  foot  and  fogs  and  noxious  vapours  ;  they  agitate  the 
a  half,  to  four  feet  and  two-fifths,  per  second  ;  waters  oi'  the  ocean,  and  prevent  them  from 
a  breeze,  from  four  to  six  miles  an  hour ;  a  stagnation  and  putrefaction  ;  in  the  heat  of 
brisk  gale  from  ten  to  sixteen  miles  an  hour;  summer  they  fan  us  with  gales  and  gentle 
a  fresh  gale,  from  twenty  to  twenty-five  miles ;  breezes.  By  their  mechanical  force,  wind- 
a  strong  gale,  from  thirty  to  thirty-five  miles  ;  mills  and  other  machinery  are  set  in  motion, 
a  hard  gale,  from  forty  to  forty-five  miles  ;  a  and  ships  impelled  across  seas  and  oceans  to 
storm  or  tempest,  fifty  miles  ;  a  great  storm,  the  remotest  corners  of  the  globe,  to  promote 
sixty  miles  ;  a  hurricane,  eighty  miles  ;  a  commerce,  learning,  religion,  and  the  mutual 
violent  hurricane,  tearing  up  trees,  throwing  intercourse  of  human  beings. 


CHAPTER  III. 

Luminous  and  Fieri/  Meteors. 


1.  The  Aurora  Borealis. — This  is  one  of  ance  observed  by  night  in  calm  weather,  re- 
the  most  splendid  phenomena  which  appears  sembling  flame  mingled  with  smoke,  or  the 
in  the  visible  sky,  especially  when  its  corusca-  distant  appearance  of  burning  stubble  ;  the 
lions  diffuse  themselves  over  the  whole  face  predominant  colours  being  purple,  bright  red, 
of  the  heavens.  The  appearances  of  the  au-  and  blood  colour."  It  has  been  more  frequent- 
rora,  may  be  arranged  under  the  following  ly  observed  in  Great  Britain  since  the  year 
particulars: — 1.  A  horizontal  light  like  the  1716,  when,  on  the  6th  of  March,  it  appeared 
morning  twilight  or  break  of  day.  This  light  with  a  splendour  which  attracted  universal 
generally  appears  in  the  north  or  north  by  attention,  and  was  considered  by  many  as  prog- 
west,  and  sometimes  seems  as  if  it  broke  out  nestic  of  wars,  famine  and  pestilence,  and  a 
from  a  few  darkish  clouds.     2.  Fine,  slender,  foreign  race  of  princes. 

luminous  beams,  well  defined,  and  of  a  dense       The  following  is  a  description  of  an  aurora, 

light.     These  frequently  continue  a  half  or  a  as  seen  by  Dr.  Dalton  : — "  Attention  was  first 

whole  minute,  apparently  at  rest,  but  more  excited  by  the  remarkably  red   appearance  of 

frequently  with  a  quick  lateral  motion,  that  is,  the  clouds  to  the  south,  which   afforded   suffi- 

from  east  to  west,  or  the  contrary.    3.  Flashes  cient  light  to  read  by  at  eight  o'clock  in  the 

pointing  upwards,  or  in  the  same  direction  with  evening,  though  there  was   no   moonlight  in 

the  beams,  which  they  always  succeed.    These  the  north.     From  half-past  nine  to  ten,  p.  m., 

are  only  momentary,  and  have  nd  lateral  mo-  there  was  a  large  luminous  horizontal  arch  to 

tion,  but  they  are   generally  repeated   many  the  southward,  and  one   or  more   concentric 

times  in  a  minute.   They  appear  much  broader,  arches  northward.     At  half-past  ten  o'clock, 

more  diffuse,  and  of  a  weaker  light  than  the  streamers  appeared  very  low  in  the  south-east, 

beams  ;  they  grow  gradually  fainter  till  they  running  to  and  fro  from  west  to  south  ;  they 

disappear,  and  sometimes  continue  for  several  increased  in  number,  and  began  to  approach 

hours  flashing  at  intervals.     Sometimes  they  the  zenith  apparently  with  an  accelerated  ve- 

are  confined  chiefly  to  the  northern   region  of  locity,  when  all  of  a  sudden  the  whole  hemi- 

the  heavens,  and  at  other  times  illuminate  the  sphere  was  covered  with  them,  and  exhibited 

whole   sky  with   their  fantastic   coruscations,  such  an  appearauce  as  surpasses  all  descrip- 

Such  are  some  of  the  general  appearances  of  tion.     The  intensity  of  the  light,  the  prodi- 

the  aurora  borealis,  but  they  are  strikingly  va-  gious  number  and  velocity  of  the   beams,  the 

ried  at  different  times,  and  it  is  difficult  accu-  grand  intermixture  of  all  the  primitive  colours 

rately  to  describe  the  shifting  and  splendid  phe-  in  their  utmost  splendour,  variegating  the  glow- 

nomena  they  present.  ing  canopy  with  the  most  enchanting  scenery. 

The  aurora  has  been  occasionally  seen   in  afforded  an  awful,  but,  at  the  same  time,  pleas^ 

all  ages:  it  is  spoken  of  by  Herodotus,  Xeno-  ing  and  most  sublime   spectacle.     Every  one 

phon,  Diodorus  Siculus,  Homer,  Virgil,  and  gazed  wilh  astonishment,  but  the  uncommon 

Ossian,  the  Highland  bard.     Aristotle,  in  his  grandeur  of  the   scene  onl}'-   lasted  only  one 

works  on.  meteors,  describes  it  as  "  an  appear-  minute  ;  the  variety    of  colours  disappearedj 

(1083) 


Hosted  by  Google 


52 


ATMOSPHERE  AND  ATMOSPHERICAL  PHENOMENA. 


and  the  beams  were  converted  into  the  flash- 
ing radiations ;  but  even  then  it  surpassed  all 
other  appearances  of  the  aurora;  in  short,  the 
whole  hemisphere  was  covered  with  it." 

The  writer  had  occasion  to  witness  a  splen- 
did and  somewhat  terrific  display  of  this  phe- 
nomenon, in  the  vicinity  of  Dundee,  on  the 
J  7th  November,  1835.  A  little  before  nine 
o'clock,  p.  M.,  the  coruscations  first  began  to 
appear,  which  in  a  short  time  diffused  all  the 
brightness  which  appears  in  a  moonlight  even- 
ing. About  ten  o'clock,  the  aurora  shone 
in  all  its  splendour,  when  coruscations,  or 
streams  of  light,  more  than  thirty  or  forty  de- 
grees in  length,  appeared  to  issue  from  a  central 
point  near  the  zenith,  and  to  extend  them- 
selves in  every  direction,  south,  north,  east, 
and  west,  like  the  meridians  on  an  artificial 
globe.  The  most  singular  feature  displayed 
by  this  aurora  was  that  of  a  number  of  streams 
of  light  of  a  dark  red  colour,  like  blood,  and 
resembling  expansive  sheets  of  fiame,  which 
were  seen  in  all  directions  mingling  their 
streams  with  the  more  brilliant  yellow  corus- 
cations, and  giving  to  the  whole  celestial  con- 
cave an  appearance  of  terrific  grandeur,  which 
seemed  to  impress  the  mind  of  every  beholder 
with  awe  and  terror.  This  display  continued 
during  the  night  till  four  o'clock  next  morning, 
and  was  visible  over  the  whole  island  of  Great 
Britain.  In  London,  it  produced  such  an 
effect,  that  the  policemen,  ignorant  of  its  na- 
ture, hurried  to  and  fro  through  all  the  avenues 
of  that  city  in  search  of  fires,  which  they 
imagined  had  burst  forth  from  every  quarter. 
On  the  evening  of  September  29,  1847,  about 
ten  o  clock,  a  brilliant  and  rather  uncommon 
aurora  made  its  appearance,  near  Dundee. 
The  sky  was  strongly  illuminated  in  the  north, 
and  numbers  of  spiral  coruscations  shot  up- 
wards towards  the  zenith.  But  its  most  strik- 
ing peculiarity  was  that,  on  a  sudden,  and 
in  a  portion  of  the  sky  which  was  perfectly 
clear,  an  immense  stream  of  hght  began  to 
blaze  with  a  quivering  motion,  like  a  liuge 
serpent,  or  in  a  form  like  the  letter  s,  extend- 
ing forty  or  fifty  degrees  in  length,  and  several 
degrees  in  breadth.  Such  streams  of  brilliant 
light,  which  appeared  and  vanished  wit!\  all 
the  rapidity  of  lightning,  were  to  be  seen  over 
most  regions  of  the  sky. 

This  phenomenon  appears  more  frequently, 
and  displays  itself  in  still  greater  splendour  in 
the  polar  regions  than  in  our  country.  It  is 
also  said  that,  in  those  regions,  a  hissing  sound 
IS  heard  during  its  continuance.  During  the 
long  nights  of  winter  in  those  countries,  par- 
ticularly in  Lapland  and  Greenland,  its  radia- 
tions, along  with  the  light  of  the  heavenly  bo- 
dies, are  sufficient  to  guide  the  inhabitants  in 
their  journeys,  and  to  enable  them  to  engage 
in  all  the  other  avocations  of  life.  In  the 
(1084^ 


northern  parts  of  Siberia,  the  aurora  begins 
with  single  bright  pillars  rising  in  the  north, 
which,  gradually  increasing,  comprehend  a 
large  space  in  the  heavens,  rush  about  from 
place  to  place  with  incredible  velocity,  and  at 
last  cover  almost  the  whole  sky  up  to  the 
zenith,  and  produce  an  appearance  as  if  a  vast  - 
tent  were  expanded  in  the  heavens  glittering 
with  gold,  rubies,  and  sapphires.  It  has  been 
found,  likewise,  that  these  brilliant  phenomena 
are  visible  in  the  south  polar  regions  as  well 
as  in  the  north.  The  general  appearance  of 
the  aurora  borealis  is  pretty  well  described  by 
Thomson,  the  poet  of  the  "  Seasons." 

"  Silent  from  the  north 
A  blaze  of  meteors  shoots  ;  ensvveeping  first 
The  lower  skies,  they  all  at  once  converge 
High  to  the  crown  of  heaven,  and  all  at  once 
Relapsing  quick,  as  quickly  reascend 
And  mix  and  thwart,  extinguish  and  renew 
All  ether  coursing  in  a  maze  of  light." 

Various  opinions  have  l>een  formed  as  to 
the  cause  which  produces  the  phenomena  of 
the  aurora.  Most  philosophers  seem  to  agree 
that  it  is  of  an  electrical  nature,  as  its  appear- 
ance can  be  imitated  by  artificial  electricity. 
Dr.  Faraday  considers  it  as  highly  probable, 
"  that  it  is  a  luminous  accumulation  of  elec- 
tricity flowing  from  the  equator  to  the  poles, 
for  the  restoration  of  electric  equilibrium." 
But  whatever  may  be  the  physical  cause  of 
the  aurora,  it  presents  to  our  view  one  of  the 
most  beautiful,  sublime,  and  at  the  same  time 
awful  and  mysterious  phenomena  which  ap- 
pears in  our  sky — while  its  coruscations  some- 
times cover,  with  inconceivable  magnificence, 
the  concave  of  the  whole  hemisphere,  chang» 
ing  their  positions  every  moment,  now  resem- 
bling vast  pyramids,  or  innumerable  columns, 
now  vanishing  in  a  moment,  leaving  the  hea- 
vens sombre  and  black,  and  now  returning 
with  increased  splendour,  shedding  a  matchless 
glory  over  the  heavens.  Such  striking  phe- 
nomena evidently  display  the  majesty  and 
glory  of  the  Creator  and  his  power  to  cause 
the  invisible  elements  of  nature  to  produce 
the  most  grand  and  diversified  scenery— and 
although  their  mode  of  operation  is  not  tho- 
roughly discovered,  they  are,  doubtless,  in- 
tended to  subserve  beneficial  purposes  in  the 
system  of  creation. 

2.  Luminous  arches. — These  are  some- 
what striking  phenomena,  which  sometimes 
precede,  or  accompany  the  aurora  borealis, 
but  they  make  their  appearance  only  at  very 
distant  intervals.  The  writer  has  seen  only 
four  or  five  of  these  arches  within  the  space 
of  the  last  thirty  years.  One  of  the  most 
brilliant  of  the  arches  appeared  on  the  27th  of 
August,  1846,  and  was  first  perceived  a  few 
minutes  before  nine  o'clock  in  the  evening. 
It  was  a  grand  and  beautiful  luminous  arch, 
which  stretched  from  one  side  of  the  heavens 
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to  the  other,  forniing  a  most  resplendent  object 
in  a  clear  gnd  serene  sky.  Its  highest  point 
was  about  seventy-five  degrees  above  the 
southern  horizon — a  little  above  the  brilliant 
star,  Vega  Lyra.  Like  all  the  other  arches 
of  this  kind  he  has  seen,  it  had  a  gradual  mo- 
tion downvy^ard  towards  the  southern  horizon, 
so  that  in  the  course  of  twenty  minutes  it  was 
considerably  below  the  star  now  mentioned. 
Its  direction  was  from  east  by  north,  to  west 
by  south,  or  nearly  at  right  angles  with  the 
magnetic  meridian  —which  seems  to  indicate 
'that  it  is  connected  with  the  operation  of  the 
magnetic  principle.  This  is  the  exact  direc- 
tion of  all  the  luminous  arches  now  referred 
to,  and  they  are  all  evidently  connected  with 
the  appearance  of  the  aurora  borealis,  and 
may  be  considered  as  a  j>eculiar  modification 
for  this  phenomenon.  Its  breadth  was  greater 
than  that  of  a  common  rainbow  ;  there  ap- 
peared no  prismatic  colours,  but  a  pure  bril- 
liant white,  contrasting  most  beautifully  with 
the  deep  azure  of  the  sky.  An  aurora  ap- 
peared at  the  same  time  in  the  north  and 
north-west,  but  its  coruscations  were  not  very 
vivid,  and  continued  only  for  a  very  short 
time.  The  arch  began  first  gradually  to  dis- 
appear at  its  extremities,  near  the  eastern  and 
western  horizon,  and,  about  forty  minutes 
after  having  been  first  seen,  it  was  completely 
dissipated.  The  height  of  such  phenomena 
above  the  earth  has  been  variously  estimated. 
Euler  estimated  them  at  1000  miles;  Bosco- 
vich,  at  about  800  ;  Bergman,  at  460;  and  Dr. 
Dalton,  at  150  miles,  which  is  perhaps  nearest 
the  truth.  Whatever  may  be  the  height  of 
the  luminous  arches,  we  have  reason  to  be- 
lieve that  the  elevation  of  the  aurora  borealis 
above  the  earth  is  the  same,  as  they  evidently 
are  produced  by  the  operation  of  the  same  cause. 
3.  Fire-balls. — These  are  a  species  of  lu- 
minous or  fiery  bodies,  which  are  occasionally 
seen  to  wing  their  flight  through  the  upper 
regions,  with  a  considerable  degree  of  velocity 
and  splendour.  In  tropical  climates,  these 
bodies  are  more  frequently  seen  than  in  our 
more  temperate  regions.  The  following  are 
a  few  brief  descriptions  of  some  of  the  me- 
teors. Mr.  Barhani  relates  that,  when  he 
was  riding  in  Jamaica,  one  evening,  he  be- 
held a  ball  of  fire  apparently  about  the  bigness 
of  a  bomb,  swiftly  falling  down  with  a  great 
blaze.  Approaching  the  place  where  it  fell, 
he  found  the  ground  strangely  broken  up  and 
ploughed,  and  several  holes  appeared  of  the 
bigness  of  a  man^s  head,  and  all  the  green 
herbage  burned  up  near  the  holes;  at  the 
same  time  a  strong  smell  of  sulphur.  In  the 
year  1676,  a  great  globe  of  fire  was  seen  at 
Bononia,  in  Italy,  about  forty  minutes  after 
sunset.  It  passed  with  a  most  rapid  course, 
and  at  the  rate  of  not  less  than  one  hundred 


and  sixty  miles  a  minute,  and  at  last  stood 
over  the  Adriatic  sea.  It  crossed  all  Italy  in 
its  course,  and,  by  computation,  it  was  found 
that  it  could  not  have  been  less  than  thirty- 
eight  miles  above  the  surface  of  the  earth. 
Wherever  it  approached,  the  inhabitants  below 
could  distinctly  hear  it  with  a  hissing  noise, 
resembling  that  of  a  firework.  It  was  heard 
to  go  off  with  a  violent  explosion.  Its  mag- 
nitude, when  at  Bononia,  appeared  twice  as 
long  as  the  moon,  one  way,  and  about  as 
broad  the  other.  It  was  estimated  to  be  a  mile 
long  and  half  a  mile  broad. 

One  of  the  most  striking  and  extraordinary 
ineteors  of  this  kind  made  its  ajipearance  on 
the  18th  of  August,  1783,  about  nine  o'clock 
in  the  evening.  It  was  seen  in  all  parts  of 
Great  Britain,  from  the  Shetland  isles  to  the 
English  channel,  over  all  France,  and  the 
greatest  part  of  Italy,  and  is  supposed  to  have 
described  a  tract  of  at  least  one  thousand  miles 
over  the  surface  of  the  earth.  It  appears  to 
have  burst  and  reunited  several  times,  and  the 
first  bursting  which  was  noticed  was  some- 
where over  Lincolnshire,  in  England.  Its  ap- 
pearance produced  universal  wonderand  alarm. 
When  it  was  observed  at  Brussels,  the  moon 
appeared  quite  red,  and  the  illumination  was 
so  great  as  totally  to  obliterate  the  stars.  A 
report  was  heard  sometime  after  it  disap- 
peared, which  was  loudest  in  Lincolnshire, 
and  afterwards  in  the  eastern  parts  of  Kent. 
A  hissing  sound  was  said  also  to  accompany 
its  progress.  At  Greenwich,  two  bright  bails, 
parallel  to  each  other,  led  the  way,  and  were 
followed  by  an  expulsion  of  eight  others.  The 
balls  were  tinted  first  with  a  pure  bright  light, 
then  followed  a  yellow  mixed  with  azure,  red, 
and  green,  vi^hich,  with  a  coalition  of  bolder 
tints,  and  a  reflection  from  the  other  balls, 
gave  the  most  beautiful  rotundity  and  varia- 
tion of  colour  with  which  the  human  eye 
could  be  charmed.  The  height  of  this  fire- 
ball was  reckoned  at  from  seventy  to  ninety 
miles,  its  diameter  was  estimated  at  nearly 
two  miles,  and  its  velocity  at  about  1000  miles 
a  minute.  The  same  year,  on  the  4th  of  Oc- 
tober, at  forty-three  minutes  past  six  in  the 
evening,  another  meteor  appeared,  nearly  of 
the  same  description,  but  much  smaller  and 
of  shorter  duration.  It  was  first  perceived  to 
the  northward  as  a  stream  of  fire,  like  the 
common  shooting-stars,  but  large;  and  pre- 
sently burst  out  into  that  intensely  bright 
bluish  flame,  which  is  peculiar  to  such  me- 
teors. It  was  nearly  globular,  but  left  behind 
it  a  dusky  red  streak  of  fire.  After  moving 
ten  degrees  in  this  state,  it  became  suddenly 
extinct  without  any  explosion.  Its  height 
was  estimated  at  between  forty  and  fifty  miles. 

As  to  the  physical  causes  which  produce 
these  extraordinary  meteors,  we  are  still  in  a 
(1085) 
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irreat  measure  ignorant.    The  general  opinion  showers  of  1833,  deduces  the  following-  nmong 

among  philosophers  is,  that   they  owe  their  other  conclusions :- — That  the  distance  of  the 

origin   to   the   operation   of  electricity.     The  body  whence  they  emanated  was  about  2238 

velocity  with  which  these  meteors  wing  their  miles — that    they   entered    the   earth's   atmo- 

flight — the    electrical    phenomena    attending  sphere  with  a  velocity  of  four  miles  per  second 

them,  the  lambent  flames  and  sparks  proceed-  ■ — that  some  of  the  larger  meteors  must  have 

ing    from    them — their   connection  with    the  been  bodies  of  great  size,  not  less  than  a  mile 

aurora  borealis,  on  whose  appearance  luminous  in  diameter — and  that  they  consisted  of  pov- 

balls  have  been  seen  formed  and  darting  about  tions  of  a  nebulous  body  which  revolves  around 

with   great   velocity — and   their   general  mo-  the  sun   in  one  hundred  and  eighty-two  days, 
tions,  which    are   constantly  from  or   towards        We  may  learn  from  such  phenomena  that, 

the  north,  or  north-west — have  been  viewed  if  the  universe  were  not  under  the  superin- 

as   so  man}''  arguments  corroborative  of  their  tendence  of  a  wise  and  benevolent  Being,  or 

electrical    origin.     Stiil  it  is  difficult    to  ac-  if  the  powers  of  nature  were  left  to  act  at  ran- 

count  for  all  the  phenomena  exhibited  by  these  dom,  the    world   in  which  we   live   might  be 

bodies  by  electricity  alone,  since  some  of  these  subjected  to  manifold  disasters  from  unknown 

bodies   appeared  to  be  of  a   denser  and  more  bodies  and  unseen  causes, from  which  we  have 

compact  structure  than  electricity  could  pro-  hitherto  been  protected, 
duce.  5.  Parhelia^  or  mock  suns. — A  parhelion 

4.  Shooting  or  falling  stars. — These  are  is  a  meteor  in  the  form  of  a  very  bright  light 

meteors    which    are    frequently   seen  darting  appearing  on  one  side  of  the  sun,  and  resem- 

through   the  sky,  in   the  form   of  stars,   and  biing   that  luminary.      They  generally  seem 

most  frequently  accompanied  with  a  train   of  about  the  size  of  the  true   sun,  not  quite  so 

light.     The  nature  of  these  bodies  has  not  yet  bright,  though  sometimes  they  are  said  to  rival 

been  well  ascertained,  and  philosophers  have  their  parent  luminary  in  splendour.      When 

of  late  been  disposed  to  alter  their  former  opi-  there  is  a  number  of  them,  they  are  not  equal 

nions  respecting  them.     It  appears,  from  cer-  to  each  other  in  brightness,  and    externally 

tain  late  observations  made  at  Breslau  by  Pro-  they  are  tinged  with  colours  like  the  rainbow, 

fessor  Brandes  and  his  pupils,  that  the  height  They  differ  in  number  and  size  ;  but   they  all 

of  some  shooting-stars  is  not  less  than  five  agree  in  breadth,  which   is  that  of  the   appa- 

hundred   miles,  and   that  they   move  at  the  rent   diameter  of  the    sun.     Appearances  of 

rate  of  eighteen   miles  in  a  second.     A   most  this  kind  have  been  observed,  both  in  ancient 

extraordinary   and   wonderful   display  of  the  and  in  modern   times.     Gassendi,  the  Italian 

phenomena  of  shooting-stars  has  of  late  oc-  astronomer,  relates,  that  in  1635  and  1636,  he 

curred    in    different    places,    particularly    in  often  saw  one  mock  sun.     Two  were  observ- 

America.     On  the  evening  of  the  12th  and  ed   by  M.  de  la  Hire,  in  1689,  and  the  same 

the  morning  of  the  13th  November,  1833,  a  number  by  Cassini,  1693;  Mr.  Grey,  in  1700; 

shower  of  these  meteors  happened  at  Boston,  I)r.  Halley,  in  1702  ;  the  Rev.  Mr,  Hamilton, 

New  York,  and/other  places,  and  their  num-  in  Dublin,  in  1783  ;  but  the  most  remarkable 

ber  was  considered  to  equal  one-half  of  the  appearances  of  this  kind  were  seen  at  Rome  by 

flakes  which  fill  the  air  in  an  ordinary  fall  of  Scheiner  ;  by  Muschenbroeck  at  Utrecht ;  and 

snow.     It  was  calculated  that,  in  some  places,  by  Hevelius,  at  Sedan;   by  the  former,  four 

they  fell  at  the  rate  of  36,000  per  hour,  and  mock  suns  were  observed,  and  by  the  latter 

the  phenomena  lasted  more  than  seven  hours,  seven. 

At  Boston,thenumber  of  shooting-stars  which  The  phenomena  of  these  meteors  observed 
were  seen  was  estimated  at  two  hundred  and  by  Scheiner,  at  Rome,  is  represented  at  figure 
forty  thousand.  Similar  phenomena,  though  7,  in  which  a  is  the  place  of  the  observer;  b, 
not  in  such  numbers,  have  appeared  in  various  his  zenith;  c,  the  true  sun;  a  b,  a  plane 
other  places,  and  in  the  subsequent  years,  from  passing  through  the  observer's  eye,  the  true 
the  12th  to  the  15th  November,  and  hence  sun  and  the  zenith.  About  the  sun,  c,  there 
they  have  been  denominated  the  November  appeared  two  concentric  rings,  not  complete, 
meteors.  M.  Arago,  the  French  philosopher,  but  diversified  with  colours.  The  lesser  of 
is  of  opinion,  that  such  extraordinary  pheno-  them,  i)  e  f,  was  fuller  and  more  perfect ;  and 
mena  cannot  well  be  accounted  for,  unless  it  though  it  was  open  fromn  tor,  yet  those  ends 
be  supposed  that,  besides  the  planetary  bodies  were  perpetually  ^endeavouring  to  unite,  and 
which  revolve  around  the  sun,  there  are  sometimes  they  did  so.  The  outer  of  these 
myriads  of  smaller  bodies,  which  only  become  rings  was  much  fainter,  so  as  to  be  scarcely 
visible  at  the  moment  when  they  come  within  perceptible.  It  had,  however,  a  variety  of 
our  atmosphere  and  assume  a  meteoric  ap-  colours,  but  was  very  inconstant.  The  third 
pearance;  and  that  they  move  in  groups,  and  circle  was  very  large,  and  entirely  white,  pass- 
also  singly.  Dr.  Olmsted,  of  New  Haven,  ing  through  the  middle  of  the  sun,  and  every 
who  particularly  investigated  the  meteoric  where  parallel  to  the  horizon.  In  the  inter- 
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section  of  this  circle,  and  the  outward  iris,  g 
K  J,  there  broke  out  two  parhelia,  2sr  and  k. 
The  brightness  of  the  middle  of  them  was 
something  like  that  of  the  sun,  but  towards 
the  edges  they  were  tinged  with  colours  like 
the  rainbow.  The  parhelion  isr  was  a  little 
wavering,  and  sent  out  a  spiked  tail,  k  p,  of  a 
colour  soinewhat  fiery.  The  parhelia  at  l  and 
M  were  not  so  bright  as  the  former,  but  were 
rounds  and  white,  like  the  circle  in  which 
they  were   placed.     The  parhelion  k  disap- 

Fig.  7. 


peared  before  k,  and  while  m  grew  fainter, 
K  grew  brighter,  and  vanished  the  last  of  all. 
Parhelia  have  been  visible  for  two,  three,  and 
four  hours  together,  and  in  North  America 
they  are  said  to  continue  some  days,  and  to  be 
visible  from  sunrise  to  sunset. 

6.  Thunder  and  lightning. — These  sub- 
lime and  terrific  phenomena  are  well  known 
to  every  individual,  and  are  occasionally  dis- 
played in  every  region  of  the  globe.  A  thun- 
der storm  usually  happens  in  calm  weather, 
though  sometimes  it  has  been  accompanied 
with  furious  winds.  A  dark  cloud  is  observed 
to  attract  other  clouds  to  it,  by  which  it  con- 
tinually increases  both  in  magnitude  and  ap- 
parent density  ;  and  when  it  has  thus  accumu- 
lated to  a  great  size,  its  lower  surface  swells 
in  particular  parts  towards  the  earth,  and  light 
flimsy  clouds  are  sometimes  seen  flying  under 
under  it,  and  continually  changing  their  ragged 
shape.  During  the  time  the  cloud  is  thus 
forming,  the  heavens  begin  to  darken  apace, 
the  whole  mass  sinks  down,  wind  arises,  and 
frequently  shifts  in  squalls,  flashes  of  light- 
ning are  seen  to  dart  from  one  part  of  it  to 
another,  and  often  to  illuminate  the  w^hole 
mass  and  the  surrounding  landscape.  When 
the  cloud  has  acquired  a  sufficient  expansion, 
the  lightning  strikes  the  earth  in  two  opposite 
points ;  its  paths  lying  through  the  whole  body 
ot  the  cloud.  Heavy  rains,  and  sometimes 
hail-showers,  accompany  these  dire  phenome- 


na, till,  after  numerous  successive  discharges, 
the  cloud  rarefies,  and  tlie  storm  ceases.  The 
scene  of  a  thunder-storm  is  generally  in  the 
middle  regions  of  the  atmosphere  ;,  and  it  is  not 
a  frequent  case  that  an  electrical  discharge  is 
made  into  the  earth.  The  lightning  darts  from 
one  cloud  into  another  and  when  the  clouds 
are  high,  there  is  no  danger  to  persons  or  ob- 
jects on  the  surface  of  the  earth.  But  when 
the  cloud  is  low,  and  within  the  striking  dis- 
tance of  the  earth,  when  the  flashes  appear  to 
strike  perpendicularly,  and  when  only  a  second 
or  two  elapse  between  seeing  the  flash  and 
hearing  the  report  of  the  thunder,  every  object 
around  may  be  considered  as  within  the  limits 
of  danger ;  for  then  the  lightning  strikes  into 
some  part  of  the  earth,  and  every  object  in 
the  line  of  its  course  is  liable  to  be  injured. 
We  may  ascertain  the  distance  of  a  thunder- 
cloud, by  counting  the  number  of  seconds  or 
pulsations  that  intervene  between  seeing  the 
lightning  and  hearing  the  first  sound  of  the 
thunder,  allowing  about  1142  feet,  or  380 
yards  for  every  second.  Thus,  if  two  seconds 
intervene,  the  distance  is  760  yards ;  if  three 
seconds,  1140  yards;  if  four  and  a  half 
seconds,  1710  yards,  or  nearly  a  mile,  etc. 
During  a  thunder-storm,  the  lightning  some- 
times assumes  diflerent  forms.  Sometimes  it 
appears  as  bails  of  fire,  moving  with  great 
velocity  :  this  is  the  most  dangerous  species 
of  lightning,  and  where  they  strike,  corn-yards 
are  set  on  lire,  and  sometimes  flocks  of  sheep, 
herds  of  cattle,  and  human  beings,  are  instant- 
ly killed.  Another  form  is  that  of  zigzag 
lightning,  which  most  frequently  accompanies 
thunder-storms.  It  is  likewise  destructive,  but 
not  to  the  same  extent  as  the  ball-lightning. 
The  next  species  is  the  sheet-lightning,  which 
appears  in  the  form  of  a  lambent  flame,  or  a 
sudden  illumination,  without  any  determinate 
form.     It  is  never  known  to  do  any  injury. 

As  to  the  cause  of  thunder-storms,  it  is  now 
ascertained,  beyond  dispute,  that  lightning  and 
electricity  are  identical.  This  had  been,  long 
ago,  surmised,  after  the  attention  of  philoso- 
phers had  been  directed  to  the  subject  of  elec- 
tricity. It  was  observed  that  lightning,  in  its 
course,  took  the  best  conductors  of  electricity, 
such  as  bell-wires,  and  gildings ;  that  it  burned, 
exploded,  and  destroyed  conducting  substances, 
as  electricity  does  ;  that  it  struck  the  most  ele- 
vated objects,  as  trees  and  spires ;  that  the 
crooked  form  of  zigzag  lightning  was  similar 
to  that  of  an  eleclric  spark ;  and  that  it  afl^ect 
ed  the  nervous  system,  and  changed  the  pola- 
rity of  the  mariner's  needle,  as  electricity  was 
found  to  do.  This  was,  at  last,  put  to  the  test 
of  experiment  by  Dr.  Franklin,  by  elevating, 
during  a  thunder-storm,  a  kite,  with  a  metal- 
lic point  on  the  head  of  it,  when  he  draw  an 
electric  spark  from  the  cloud  by  means  of  a 
a087) 
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key,  connected  with  the  wet  string,  which 
was  connected  with  the  kite.  Nearly  at  the 
same  time  an  experiment,  somewhat  similar, 
was  performed  by  M,  Dalibard,  at  Marly  de 
Ville,  about  lifteen  miles  from  Paris.  These 
experiments  were  made  in  1752,  and  since 
that  period,  lightning,  and  the  electric  matter, 
have  been  considered  as  the  same  ;  though 
there  are  still  many  phenomena  connected 
with  thunder-storms  of  which  we  are  ignorant. 
The  grand  practical  use  to  which  Dr.  Frank- 
lin applied  his  discovery,  was  to  secure  build- 
ings from  being  damaged  or  destroyed  by 
lightning;  which  is  accomplished  by  fixing  a 
pointed  metallic  rod  higher  than  any  part  of 
the  building,  and  communicated  with  the  earth. 
This  wire  the  lightning  will  seize  upon,  in 
preference  to  any  other  part  of  the  building, 
by  which  it  is  conducted  to  the  earth  without 
injuring  the  inhabitants. 

Maxims  dwdng  a  thunder-storm. — When 
in  the  open  fields,  avoid  trees,  but  be  near 
them — say  at  the  distance  of  thirty  or  forty 
feet — as  high  objects  are  more  likel}'-  to  be 
struck  with  lightning  than  those  which  are 
low.  When  walking  in  the  open  air,  avoid 
ponds,  rivers,  streamlets,  and  every  mass  of 
water  ;  for  water,  being  a  conductor  of  elec- 
tricity, might  determine  the  lightning  to  the 
place  we  occupy.  Do  not  avoid  rain,  as  it  is 
safer,  in  a  thunder  storm,  to  be  completely 
drenched  than  otherwise.  When  in  a  house, 
persons  should  avoid  sitting  near  the  fireplace, 
as  it  brings  us  in  connection  with  the  highest 
part  of  the  building,  and  which  contains  such 
conducting  substances,  as  the  grate,  the  fender, 
and  fire-irons.  Bell-wires,  mirrors,  gildings, 
lustres,  and  other  metallic  substances,  should 
also  be  avoided.  The  safest  position  is  in  the 
middle  of  a  large  room,  at  a  distance  from 
conducting  substances,  with  our  chair  placed 
on  a  mattrass. 

In  the  preceding  pages,  we  have  taken  a 
cursory  survey  of  the  nature  and  properties  o^ 
the  atmosphere,  and  of  the  phenomena  it  fre- 
quently presents,  and  have  noticed  the  evi- 
dences of  Divine  wisdom  and  beneficence  as 
displayed  in  the  arrangements  connected  with 
this  admirable  appendage  to  our  globe,  A 
devout  contemplation  of  this  subject  is  worthy 
of  the  serious  attention  of  every  rational  and 
Christian  mind  ;  for  all  th^  works  of  God  are 
intended  to  display  to  intelligent  beings  cer- 
tain parts  of  the  character  and  attributes  of 
the  Almighty,  and  to  inspire  us  with  love  and 
gratitude  for  those  merciful  and  benevolent 
arrangements  by  which  our  lives  are  preserved, 
and  our  happiness  and  comforts  secured.  The 
system  of  the  material  world,  in  all  its  varieties, 
may  be  considered  as  one  of  the  revelations 
given  by  God  to  man,  in  order  that  we  may 
trace,  from  his  external  operations,  visible  to 
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every  eye,  something  of  the  nature  of  that  Al- 
mighty Being  who  at  first  brought  all  things 
into  existence,  and  who,  every  moment,  super- 
intends all  their  movements.  Hence  we  are 
informed,  by  an  inspired  writer,  that  the  "  in- 
visible things  of  Him  from  the  creation  of  the 
world  are  clearly  seen,  being  understood  by 
the  things  that  are  made,  even  his  eternal 
power  and  Godhead.'* 

Had  man  continued  in  primeval  innocence, 
in  the  complete  exercise  of  his  moral  and  in- 
tellectual faculties,  this  would,  perhaps,  have 
been  the  only  revelation  of  which  he  stood  in 
need.  But,  in  his  present  fallen  state,  the 
investigation  and  study  of  the  material  world 
are  not  sufficient  to  lead  him  to  the  knowledge 
of  the  true  God,  and  to  guide  him  in  the  way 
that  leads  to  immortal  happiness.  Hence  it 
happened  that  even  the  wisest  sages  of  anti- 
quity, who  were  destitute  of  any  other  reve- 
lation, completely  failed  in  attaining  to  just 
conceptions  of  the  Eternal  Divinity,  of  the 
worship  and  homage  he  required,  of  the  duties 
they  ought  to  perform,  and  of  their  eternal 
destination.  "  Professing  themselves  to  be 
wise,  they  became  fools,  and  changed  the 
glory  of  the  incorruptible  God  into  an  image 
made  like  to  corruptible  man,  and  to  birds, 
and  to  four-footed  beasts,  and  creeping  things." 

The  religion  of  nature  is  glaringly  deficient 
in  directing  us  to  correct  views  of  the  attri- 
butes of  the  true  God,  and  particularly  of  the 
conceptions  we  ought  to  form  of  his  moral 
character,  as  a  Being  possessed  of  strict  and 
impartial  justice  and  eternal  rectitude,  and 
whether  he  be  disposed  to  the  exercise  of 
mercy  and  love.  Hence,  some  of  the  ancient 
philosophers  denied  his  existence,  and  others 
embraced  the  notion  of  a  multiplicity  of  gods, 
celestial,  aerial,  terrestrial,  and  infernal ;  and 
the  moral  characters  and  actions  attributed  to 
such  deities  were  distinguished  for  every  thing 
that  was  wicked,  base,  cruel,  and  licentious. 
The  light  of  nature  can  afford  us  no  certain 
and  indubitable  evidence  of  the  immortality  of 
the  soul,  a  future  state  of  eternal  rewards  and 
punishments,  or  of  a  future  and  glorious  re- 
surrection :  for  many  opposite  and  discordant 
opinions  prevailed  on  this  subject  among  those 
who  were  destitute  of  Divine  revelation  ;  some 
of  them  absolutely  denying  the  existence  of 
such  a  state  as  a  vulgar  error ;  w^hile  others 
represented  it  as  altogether  uncertain,  having 
no  solid  foundation  for  its  support.  The  light 
of  nature  can  convey  no  proper  notion  of  a 
creative  Power  that  could  produce  the  uni- 
verse out  of  nothing,  nor  of  the  time  and 
manner  in  which  the  world  was  created  and 
arranged.  Hence,  one  sect  of  heathen  philo» 
sophers  held  that  the  world  was  eternal;  and 
another,  that  it  was  found  in  its  present  ad- 
mirable   order   by   a   fortuitous  concourse  of 
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innumerable  atoms.  It  can  afford  us  no  cer- 
tain irjformation  respecting  the  origin  of  evil, 
and  the  cause  of  that  depravity  and  misery, 
which  exist  among  mankind  ;  and,  in  short, 
It  can  point  out  no  method  by  which  those 
who  have  offended  God  may  bo  certainly 
restored  to  his  favour,  and  a  reconciHation 
effected  between  God  and  man  ;  so  that  his 
mercy  may  be  exercised  without  the  violation 
of  his  justice,  and  the  pardon  of  sinners  ren- 
dered consistent  with  tiie  honour  of  his  laws 
and  the  wisdom  and  equity  of  his  govern- 
ment. From  nature,  therefore,  there  arises 
no  sutllcient  comfort  to  sinners  to  warrant 
hopes  of  forgiveness;  but,  on  the  contrary, 
anxious  and  endless  solicitude  about  the 
means  of  appeasing  the  Deity.  Hence  the 
various  modes  of  sacrificing,  and  the  number- 
less superstitions  which  overspread  the  hea- 
then world,  but  which  were  unsatisfactory  to 
the  wiser  part  of  mankind,  even  in  the  times 
of  pagan  darkness  and  ignorance. 

While  Ignorant  of  the  important  and  inter- 
estmg  truths  now  adverted  to,  we  can  enjoy 
no  solid  happiness  in  the  present  state,  nor 
any  cheering  prospects  in  reference  to  a  future 
and  eternal  world.  But,  on  all  these  sub- 
jects, so  interesting  to  every  human  being, 
the  Christian  revelation  throws  an  effulgence 
of  light  and  evidence,  and  affords  every  satis- 
faction to  the  anxious  mind  which  it  can  de- 
sire. It  has  "  brought  life  and  immortality  to 
light,"  and  shed  a  radiance  over  the  mansions 
of  the  tomb,  and  the  scenes  of  a  future  world  ; 
it  has  unravelled  the  origin  of  evil,  and  the 
cause  of  all  those  miseries  and  moral  abomina- 
tions which  have  prevailed  in  the  world  ;  and, 
above  all,  it  has  disclosed  the  gracious  pur- 
poses of  the  God  of  mercy  and  love  towards 
our  flillen  and  apostate  world,  and  opened  the 
way  by  which  sinners  may  be  pardoned  and 
■estored  tc  .he  Divine  favour,  in  full  consist- 
ency with  all  the  perfections  of  the  Divinity, 
and  the  honours  of  his  universal  government 
For  thus  runs  the  declaration  of  the  Most 
High  to  all  the  children  of  men :  "  God  so 
loved  the  world  that  he  gave  his  only  begot» 
ten  Son,  that  whosoever  believeth  in  him 
should  not  perish,  but  have  everlasting  life," 
He  sent  his  Son  into  our  world,  as  a  messen- 
ger of  peace,  "  to  bear  the  sin  of  many,"  "  to 
bring  in  everlasting  righteousness,"  to  make 
"intercession  for  the  transgressors,"  to  vindi- 
cate the  honours  of  his  broken  law,  to  abolish 
death,  and  to  open,  the  way  to  the  mansions 
of  glory  in  the  heavens,  to  men  of  all  nations, 
kindreds,  and  languages,  who  receive  the 
recorr  he  bath  given  of  his  Son,  and  submit 
to  the  method  of  salvation  he  hath  devised. 
He  hath  set  forth  his  Son  to  the  world  to  be 
"a  propitiation  through  faith  in  his  blood,  to 
declare  his  righteousness  for  the  remission  of 
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,sins,  .  .  .  that  he  might  be  just  and  the  justi- 
fier  of  him  which  believeth  in  Jesus."  It  is, 
therefore,  '<  a  faithful  saying,  and  vv'orthy  of  all 
acceptation,  that  Christ  Jesus  came  into  the 
world  to  save  sinners,"  even  the  chief.  And 
all  v^dio  receive  the  salvation  thus  proffered, 
will  consecrate  themselves  to  his  service,  and, 
by  the  aid  of  the  Holy  Spirit,  prosecute  a 
course  of  obedience,  "  denying  ungodliness 
and  worldly  lusts,"  and  living  "  soberly,  right- 
eously, and  godly  in  the  present  world." 
Every  sin  and  violation  of  the  Divine  law  will 
be  carefully  avoided  ;  every  holy  disposition, 
every  heavenly  temper,  and  every  Divine  vif" 
tue  and  grace  will  be  sedulously  cultivated , 
love  to  God  and  man  will  pervade  all  the 
faculties  of  the  soul,  and  be  displayed  in  the 
general  ten  ir  of  the  conduct;  and,  by  pursu- 
ing such  a  course  of  action,  the  individual  will 
be  gradually  prepared  for  the  nobler  contem- 
plations and  exercises  of  that  higher  sphere 
of  existence,  where  there  is  "  fulness  of  joy," 
and  "  where  there  are  pleasures  for  evermore." 
From  what  we  have  now  stated,  we  may 
fairly  conclude,  that  all  our  contemplations  of 
the  works  of  nature,  and  all  our  investigations 
of  the  system  of  the  visible  creation,  ought  to 
be  conducted  in  connection  with  the  views 
and  discoveries  unfolded  by  Divine  revelation. 
The  two  revelations  which  God  has  made  to 
us,  when  properly  studied,  will  be  found  not 
only  in  perfect  harmony,  but  to  throw  a  mu- 
tual light  on  each  other;  so  that  what  may 
appear  deficient  in  one  is  su)>plied  by  the 
other.  VV^'hile  we  contemplate  the  manifesta- 
tions  of  Divine  power,  wisdom,  and  goodness, 
in  the  arrangements  and  operations  of  nature^ 
we  perceive  the  same  attributes  illustrated  in 
the  records  of  revelation  ;  and,  in  addition  to 
these,  we  perceive  what  nature  cannot  teach 
us,  that  God  is  a  Being  of  perfect  and  eternal 
rectitude,  of  inviolable  fiithfulness,  of  bound- 
less benevolence  •  ready  to  forgive,  and  rich 
in  mercy  to  ail  who  call  ijpon  him  in  truth:- — 
a  Being  who  fills  immensity  of  space  with 
his  presence,  who  possesses  the  most  intimate 
knowledge  of  all  creatures  and  events  through- 
out creation,  and  who  superintends  all  the 
movements  of  the  material  universe.  To  what- 
ever scene  of  nature  we  direct  our  attention, 
we  find  sentiments  in  scripture  adequate  to 
express  every  emotion  of  the  soul  while  en- 
gaged in  such  contemplations.  Are  we  con- 
templating the  immense  number  and  variety 
of  animated  beings  which  people  the  earth, 
the  waters,  and  the  air,  and  the  ample  provi- 
sion  made  for  their  accommodation  and  sub 
sistence — where  can  we  find  language  more 
appropriate  to  express  our  feelings  than  in 
these  words  of  the  Psalmist,  "  O  Lord,  how 
manifold  are  thy  works,  in  wisdom  hast  thou 
made  them  ail ;  the  earth  is  full  of  thv  riches  ! 
4Z  (1089) 
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So  is  this  great  and  wide  sea,  wherein  are  of  Divine  revelation  must  feel  a  higher  degree 
things  creeping  innumerable,  both  smali  and  of  pleasure  and  satisfaction  in  contemplating 
great  beasts. — These  wait  all  upon  thee  ;  that  the  scenes  of  creation,  than  the  man  who  either 
thou  mayst  give  them  their  meat  in  due  sea-  discards  or  overlooks  the  revelations  contained 
eon.  That  thou  givest  ihem — they  gather;  in  the  sacred  oracles.  'I'o  a  man  who  is  has- 
thou  openest  thy  hand — they  are  filled  with  tening  to  the  grave,  uncertain  whether  hU 
good."  When  v/e  survey  the  structure  of  the  intellectual  powers  and  consciousness  shall 
human  frame,  and  consider  the  vast  number  exist  beyond  the  limits  of  the  present  state — - 
of  bones,  muscles,  veins,  arteries,  lacteals,  and  of  what  avail  is  it  th;it  he  has  acquired  a  par- 
other  parts,  all  curiously  combined,  performing  tial  knowledge  of  some  of  the  departments  of 
Buch  a  variety  of  functions,  and  all  contribut-  the  visible  world,  when  all  Ids  knowledge 
ing  to  life  and  enjoyment — can  we  refrain  shall  be  lost  at  the  hour  of  dissolution,  and  no 
from  adopting  the  expressive  language  of  the  farther  prospect  remains  of  his  ever  again  re- 
Psalmist  1  "I  will  praise  thee ;  for  I  am  fear-  suming  such  studies  and  investigations,  and 
fully  and  wonderfully  made:  marvellous  are  of  beholding  the  mysteries  and  wonders  of 
thy  works  I — how  precious  are  thy  thoughts  the  universe  more  fully  unfolded]  He  may 
unto  me,  O  God  I  how  great  is  the  sum  of  be  filled  with  wonder  at  many  of  the  astonish- 
'Aieml  If  1  should  count  them  they  are  more  ing  processes  going  forward  in  the  animal, 
in  number  than  the  sand."  When  we  con-  vegetable,  and  mineral  kingdoms;  his  mind 
sider  the  amazing  structure  of  the  heavens —  may  be  overpowered  w^ith  admiration  and  as- 
the  immense  magnitude  and  number  of  the  tonishinent  at  the  vast  extent  of  the  material 
mighty  orbs  contained  within  the  canopy  of  universe,  and  at  the  myriads  of  worlds  it  con- 
the  sky-— that  millions  upon  millions  of  suns  tains,  but  he  can  entertain  no  hopes  of  seeing 
and  worlds  stretching  into  the  immensity  of  such  wondrous  scenes  more  fully  unravelled 
Bpace  far  beyond  the  limits  of  our  vision,  or  and  displayed  in  the  light  of  immortality. 
even  of  our  imagination,  form  only  a  small  But  the  Christian,  who  looks  forward  to  the 
portion  of  the  universal  empire  of  the  Al  nobler  employments  of  a  future  world,  may 
mighty ;  and  when  the  mind  is  overwhelmed  with  certainty  indulge  in  the  hope  that  in  the 
and  lost,  on  the  view  of  this  stupendous  scene  light  of  that  world,  the  veil  which  now  inter- 
— where  shall  we  find  language  to  express  cepts  our  view  of  the  wonders  of  creation  will 
our  emotions,  more  emphatic  and  appropriate,  be  removed,  and  the  glories  of  the  Divinity, 
than  in  such  passages  as  these  1  "  Canst  thou  as  displayed  in  all  his  works,  more  fully  un- 
by  searching  find  out  God  1  Canst  thou  find  folded.  For  the  inhabitants  of  that  world  are 
out  the  Almighty  unto  perfection?  Great  is  represented  as  celebrating  the  perfections  of 
our  Lord  and  of  great  power:  his  understand-  the  Most  High  in  such  strains  as  these — • 
ing  is  infinite;— -his  greatness  is  unsearchable.  "^  Great  and  marvellous  are  thy  works,  Lord 
^ — 'fhe  heavens  declare  the  glory  of  God  ;  and  God  Almighty  !"  evidently  indicating  that  the 
the  firmament  showeth  his  handiwork. — All  veil  is  partially  removed  from  the  hidden 
nations  before  him  are  as  nothing;  and  they  scenes  of  creation,  and  their  minds  expanded 
are  counted  to  him  less  than  nothing,  and  to  take  in  large  and  comprehensive  surveys 
vanity — ^^who  doeth  great  things  past  finding  of  the  wonders  of  the  universe,  so  as  to  per- 
out;  yea,  and  wonders  without  number. —  ceive  them  to  be  "great  and  marvellous." 
Great  and  marvellous  are  thy  works,  Lord  God  And  again,  they  exclaim,  "Thou  art  worthy, 
Almighty!  Who  can  utter  the  mighty  acts  of  O  Lord,  to  receive  glory,  and  honour,  and 
the  Lord]  Who  can  show  forth  all  his  praise'^"  power;  for  thou  hast  created  all  things,  and 
In  short,  the  man  who  recognizes  the  truths  for  thy  pleasure  they  are  and  were  created." 
(1090) 
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